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The primary aim of anterior cruciate ligament (ACL)
reconstruction is reestablishment of knee joint stability
and function to allow normal relational life, participation
in sport, to relieve pain and subjective sensations of

instability, and slow the progression of arthritis. Current
ACL reconstruction techniques secure good to excellent
results in 75% to 90% of cases.3,25,27,29,37,38,57 Failure, how-
ever, is not uncommon.12,15,20,23

Revision of ACL reconstruction is a complicated and del-
icate clinical procedure whose results are theoretically less
satisfactory than those of the first operation because fur-
ther intervention is required in an area where anatomical
landmarks may have been altered by previous proce-
dures.1,4,5,19,35,42

The purpose of this study was to evaluate the results of
revision ACL reconstruction at a midterm follow-up.
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Background: Revision of an anterior cruciate ligament reconstruction is a complicated and delicate clinical procedure whose
results, theoretically, are less satisfactory than those of the first operation.

Hypothesis: The outcome of a revised anterior cruciate ligament surgery is comparable to primary anterior cruciate ligament
reconstruction, with a rate of success around 70% to 80%.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 66 revisions of anterior cruciate ligament reconstructions were carried out from September 2000 to
September 2004. Patients with concomitant instability and those with alterations in the weightbearing axis of the lower limbs
were not included. Sixty patients were followed from 24 to 72 months: 50 clinically and 10 by a phone interview. Six patients
were lost to follow-up due to changes of address.

Results: Lysholm scores were 57% excellent (95-100 points), 13% good (84-94 points), 22% fair (63-83 points), and 8% poor
(<64 points). A total of 68% of patients had negative Lachman tests, 20% had positive tests with a hard end point, 10% had
positive results, and 2% had very positive results. Stabilometric evaluation with the KT-1000 arthrometer at the maximum load
showed that 56% of patients had <3 mm side-to-side difference, 34% had between 3 and 5 mm, and 10% had 6 to 10 mm. The
International Knee Documentation Committee scores were 36% excellent (class A), 46% good (class B), and 18% fair (class C).
The percentage of patients who resumed sport at the same level was 78%, compared with 58% after their primary reconstruc-
tion.

Conclusion: The results of these anterior cruciate ligament reconstruction revision surgeries are close to those achieved by other
series of primary reconstructions with a little less satisfactory results. We attribute the high success rate to the strict application
of the same technique and the confinement of revision to motivated patients. It should be noted, however, that follow-up is only
at the midterm stage (mean, 41.9 months).
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METHODS

Three authors performed 66 isolated revisions of ACL
reconstruction failures from September 2000 to September
2004 (1268 primary reconstructions were performed in the
same period) using the same technique. Patients requiring
accessory surgery such as osteotomy or peripheral recon-
structive surgery (for collateral ligament or posterolateral
corner reconstruction) were excluded.

Sixty patients were followed up after 24 to 72 months
(mean, 41.9 months): 50 (75.8%) clinically and 10 (15.2%)
with a phone interview by an author not involved in the
surgical procedures. Six patients were lost to follow-up due
to changes of address.

Clinical examination comprised subjective and clinical
evaluation, including the Lachman test with Lysholm
score,40 Tegner score,60 International Knee Documentation
Committee (IKDC) score,26 and assessment with the KT-
1000 arthrometer at the maximum load.10 The phone inter-
view was confined to a subjective evaluation and the
Lysholm score.40

Sixty-one 1-stage revisions were performed. Five 2-stage
operations were for arthrolysis (4 cases) and prior tibial
and femoral bone grafting (1 case). The mean time between
reconstruction and revision was 62.7 months (range, 3
months-15 years). There were 58 male and 8 female
patients with a mean age of 31.2 (range, 16-55) years. The
right limb was involved in 31 cases and the left in 35.

Causes of Failure

There were 3 different categories of reconstruction failure:
52% surgical (including 6 synthetic ligament failures), 35%
traumatic, and 3% biological. Our criteria for defining a
failure in each category were determined by history, imag-
ing, and arthroscopic findings. Particularly, we classified
a failure as surgical when, according to imaging and
arthroscopy, the graft appeared to be positioned incorrectly;
as traumatic when the described trauma could cause the
graft lesion even though imaging and arthroscopy showed a
correct graft position; and biological when the patient did
not experience a trauma, and the graft appeared well posi-
tioned on imaging and arthroscopy.

Type of Graft

Preference was accorded to the doubled semitendinosus
and gracilis tendon graft (37 revisions), as the patellar ten-
don had been almost exclusively employed for the initial
reconstruction (Figure 1). The patellar tendon was used in
27 cases (in 13 cases it was the contralateral one for a
high-demand sports activity or the patellar chondral sta-
tus) and an Achilles allograft in 2 cases. The latter tech-
nique has been permitted only recently in our country. The
previously harvested patellar tendon was never used.

Fixation was with bioabsorbable (Bio-Interference
Screw; Arthrex Inc, Naples, Fla) and titanium (Soft Silk;
Smith & Nephew Inc, Andover, Md) interference screws in
patellar tendon revision ACL reconstructions. In doubled

semitendinous and gracilis revision ACL reconstructions,
fixation was achieved with femoral bioabsorbable cross-pins
(RigidFix Cross Pin System, Mitek, Raynham, Mass) and a
bioabsorbable interference screw (Bio-Interference, Arthrex
Inc) at the tibia.

Associated Management

A total of 43 treatments of associated disorders were car-
ried out in 31 patients (20 single sites, 10 double sites, and
1 triple site) for 26 meniscal lesions, and 17 treatments
for cartilage lesions. The authors performed 21 selective
meniscectomies (13 medial, 8 lateral) and 5 meniscal
repairs (4 medial, 1 lateral), 9 cartilage debridements, 6
microfractures, and 2 mosaicplasties.

Postoperative Management

The authors used accelerated rehabilitation,57 but in
patients with meniscal repair, microfracture, or mosaic-
plasty procedures, weightbearing was allowed at the third
postoperative week. Statistical analysis was conducted
using a simple descriptive analysis showing the percent-
age of the results obtained, while the comparison was cal-
culated using the chi-square test (χ²).

RESULTS

The Lysholm, Tegner, Lachman, IKDC, and KT-1000
arthrometer findings are detailed in Table 1.10,26,40,60,62

Lysholm scores40 were a mean of 90.5 (range, 54-100).
The mean Tegner score60 was 6.7 points (range, 0-10), cor-
responding to recreational sports. The Lachman test was
graded as negative, positive with a hard end point (1+),
positive (2+), or very positive (3+). Stabilometric evaluation
with the KT-1000 arthrometer was performed at the max-
imum load at 20°, and more than half of the patients had
less than 3 mm side-to-side difference. The IKDC scores
were 36% excellent (class A), 46% very good (class B), and
18% fair (class C). There were no significant differences
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Figure 1. Type of graft used for primary ACL reconstruction
and for revision. Bptb, bone-patellar tendon-bone; st/gr,
semitendinosus and gracilis tendon.
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between groups (χ² = 8.53; P = .074). Table 2 compares the
patellar tendon graft, the doubled semitendinosus and gra-
cilis graft, and the allograft results.

The percentage of patients who resumed their previous
sport at the same level was 78% compared with 58% after
their primary reconstruction (Table 3).

DISCUSSION

The enormous increase in the number of ACL injuries
and, hence, the crop of failures after primary reconstruc-
tions have made revision an ever more frequent item on a
surgeon’s agenda. The results published in the literature
are less encouraging than those for initial reconstruction
because repeated traumatic insults and multiple surgical
procedures result in progressive damage that cannot
always be repaired.†

Our revision results, however, proved to be comparable with
those achieved by primary reconstruction, with only a little
less satisfactory results. Their excellence is demonstrated by 3
findings: KT-1000 arthrometer results <5 mm in 90% of the
series; negative Lachman results in 88%, and IKDC class A
and class B scores in 82%. These scores are similar to those in
a recent 2-step revision ACL reconstruction study.61

In a prospective study on our primary ACL reconstruc-
tion,11 we noticed that the KT-1000 arthrometer 2-year

follow-up evaluation was 5 mm or less in 94% of the patellar
tendon ACL reconstructions and in 91% of the doubled
semitendinosus and gracilis ACL reconstructions. After
comparing the results of primary reconstruction11,61 and
revision, we can see that the resulting data of the latter are
lower, although they are still a good standard (Figure 2).

Obviously the above can be explained in light of the mul-
tiple number of operations the patients have undergone
and the long period of instability that eventually leads to a
global knee laxity. We must also stress that the patients
with a lower IKDC result were mainly those with cartilage
damage or, to a lesser degree, those with a consequence of
meniscectomies.1,4,19,21,35,42,49,55 It must be stated that in
any case, a stable knee is not always a pain-free knee.

Our success can certainly be ascribed to the application
of a strict technique and the confinement of revision to
motivated patients. It should be noted, however, that the
follow-up is still at the midterm stage (mean, 41.9 months).
We saw no significant differences regarding the type of
graft used in terms of knee stability.

Determination of the real causes of reconstruction fail-
ures is an essential prelude to successful revision.‡ When
considering the causes of failure, account must be taken
of the distinction between early failures due to surgical
errors, nonintegration of the graft, or overly aggressive
rehabilitation, and late failure due to injury after a period

TABLE 1
Outcome Results by Percentage of Patientsa

Test Percentage

Lysholm score
Excellent (95-100 points) 57
Good (84-94 points) 13
Fair (65-83 points) 22
Poor (<64 points) 8

Tegner score
Competitive sports (8-10) 50
Recreational sports (5-7) 27
No sport but working (1-4) 17
Not working (0) 6

Lachman test
Negative 68
1+ 20
2+ 10
3+ 2

KT-1000 arthrometer
<3 mm 56
3-5 mm 34
6-10 mm 10
>10 mm 0

IKDC score
A 36
B 46
C 18
D 0

aIKDC, International Knee Documentation Committee.

TABLE 2
Comparison of the IKDC and KT-1000 Arthrometer

Revision ACL Reconstruction Results (n = 60) Between
Bone Patellar Tendon Bone Graft, Doubled

Semitendinosus and Gracilis Graft, and Allografta

Scores BPTB St-Gr Allog

IKDC A, n (%) 16 (59.3) 7 (22.6) 1 (50)
IKDC B, n (%) 8 (29.6) 17 (54.8) 1 (50)
IKDC C, n (%) 3 (11.1) 7 (22.6)
KT-1000 arthrometerb

<3 mm, n (%) 14 (51.9) 17 (54.8) 1 (50)
3-5 mm, n (%) 10 (37.0) 10 (32.3) 1 (50)
6-10 mm, n (%) 3 (11.1) 4 (12.9)

aIKDC, International Knee Documentation Committee; ACL,
anterior cruciate ligament; BPTB, bone patellar tendon bone; St-Gr,
semitendinosus and gracilis; Allog, allograft.

bNo significant statistical differences in the groups (χ² = .54;
P = .97).

TABLE 3
Comparison of Sport Level After Primary ACL

Reconstruction and Revision ACL Reconstructiona

After
Primary After

Sport Reconstruction, % Revision, % Difference, %

None 8 8 0
Lesser level 34 14 –20
Same level 58 78 +20

aACL, anterior cruciate ligament.

†References 12, 13, 16, 17, 20, 28, 32, 45, 47, 49, 50, 59.
‡References 7-9, 18, 22, 33, 34, 41, 54, 66.
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of joint stability. Particular attention must be paid to diag-
nostic inaccuracies on the part of the surgeon. These lead
to failures caused by the presence of concomitant, for
example, posterolateral instability, lesions or secondary
conditions such as infection or arthrofibrosis. Graft dam-
age may be caused surgically, biologically, or traumatically.

Surgical Causes

Surgical errors are evident in more than 70% of ACL recon-
struction failures.§ They include incorrect positioning of the
tibial and/or femoral tunnel,15,30,35,39,41,46 inappropriate graft
selection, impingement of the graft in the intercondylar
notch,8,24,25,31,46 poor tensioning of the graft or insufficient
fixation,6,39,44,56,58,64 and incorrect diagnosis of concomitant
peripheral lesions.1,4 Incorrect tunnel placement is the main
cause of failure as it eventually leads to stretching, weaken-
ing, and rupture of the graft and, thus, instability.25,27,29

The most common surgical mistake is excessive anterior
positioning of the femoral tunnel with impingement and
stressing of the graft during flexion to the point of rupture.
The same is true with excessive posterior placement of the
tibial tunnel, which leads to rupture due to excessive ten-
sion during extension.35

The type of graft, the means of fixation, and the quality
of the bone are factors that determine the appropriate fix-
ation of a graft, especially at the commencement of reha-
bilitation when it is not yet integrated with the bone.

Revision of ACL reconstructions is naturally related to
the causes of their failure. Meticulous preoperative plan-
ning is needed to ensure that the operation will be per-
formed as correctly as possible.

Biological Causes

The contribution of biology to the integration of a graft and
its complete ligamentization2,52,53 is often overlooked but is
no less important than other factors. The patient’s range
of motion (ROM),43,50 gait, and quadriceps tone must be

considered. If the ROM is limited, an arthroscopic arthrol-
ysis should be performed before revision (if this is indi-
cated). The clinical diagnosis should be accompanied by
radiography of the lower limbs during weightbearing, com-
puted tomography, or magnetic resonance imaging, and
bone scan in the event of infection.

Traumatic Causes

A fresh injury may damage a graft. Even so, one can never
be certain whether it was the real cause or whether the
graft was already weak and could not support the knee
when required. Here careful sifting of the history is needed
to determine how the injury was caused (intensity, type of
movement, etc).

Other Factors

Patient motivation is an essential asset in revision ACL
surgery, as a second operation is not always necessary.
Revision of biologically caused failures or injury is more
difficult as it must be carried out in the same anatomical
position as the first reconstruction, whereas the correction
of surgical errors is usually easier because there is more
space available.

We prefer single-stage revisions because of the positive
cost/benefit ratio for the patient. There are, however, some
situations in which 2 stages may be preferred. Examples
include joint movement deficits requiring rehabilitation for
the complete recovery of ROM, arthrolysis to eliminate
adherences and scar residues, axial deviations requiring
corrective osteotomy at the same time as the revision, and
widening of the tunnels needing bone grafts to fill gaps.37

Two stages may also be advisable in the revision of syn-
thetic ligaments in cases where residue in the joint could
give rise to synovitis.

Several issues must be taken into consideration in revi-
sion ACL surgery: selection of the graft, type of incision,
removal of the means of fixation, intercondylar notch-
plasty, placement of the femoral and tibial tunnels, type
of fixation, and rehabilitation protocol.50 Revision surgery
must, in any event, be adapted to the technique (graft, fix-
ation) previously employed.

Selection of the Graft

Graft candidates are semitendinosus and gracilis tendons,
ipsilateral and contralateral patellar tendons, the quadriceps
tendon, and allografts. We never use synthetic tendons for
revision. When an autologous tendon is employed, it must be
harvested as the last surgical step after determining if all the
technical steps of the revision can be implemented.

Removal of the Means of Fixation

Means of fixation that could hinder surgery and impair the
success of a revision must always be removed (Figure 3). In
other cases, such fixation devices can be left in place so as
not to lengthen the duration of the operation or make it
more difficult. In some cases, indeed, they may improve the

Figure 2. Comparison of KT-1000 arthrometer results (%)
after our revision ACL reconstruction (revision) and our pri-
mary ACL reconstruction (recons)11 with doubled semitendi-
nosus and gracilis graft (st-gr) or bone-patellar-tendon-bone
graft (bptb).

§References 10, 33, 34, 36, 42, 48, 63, 65.
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firmness of the new tunnel (Figure 4). It is sometimes nec-
essary to resort to special techniques such as coring to
extract screws with stripped threads.

Preparation of the Tunnels

Tunnels should be placed in the same position as in the
primary reconstruction unless the previous positions were
incorrect. Bonoscopy (insertion of the arthroscope into the
tunnels) must be undertaken to secure an exact assess-
ment of the quality of the surrounding bone. One can then
decide whether to plug any bone defects and also choose
the most suitable means of fixation. If a tunnel is too wide,
a larger bone block can be harvested with the patellar ten-
don. Bone grafting (Figure 5) can also be employed. Other
alternatives are the “over-the-top” technique with 2 inci-
sions or a 2-step operation.

Fixation of the Graft

The type of fixation used should be determined in
accordance with the type of graft, the position of the
tunnels, and the soundness of their surrounding bone.
It is always best to use the means with which one feels
most comfortable, although one must naturally be pre-
pared to use whichever fixation type best suits the
patient’s needs.

Rehabilitation Protocol

If sound fixation is secured, the rehabilitation protocol fol-
lowed after the first reconstruction should be repeated.57

Figure 4. Retention of the anterior screw allowed 1-stage
revision with the contralateral patellar tendon and good fixa-
tion in this case.

Figure 3. Correct revision demands the removal of some
means of fixation.
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CONCLUSION

We were surprised at the considerable number of patients
(78%) who, after ACL reconstruction revision, returned to
perform the same sport at the same level as before their
initial knee injury compared to the only 58% who
returned to the same sport at the same level after the pri-
mary reconstruction. This could be explained by the fact
that, in our opinion, a large number among these patients
did not have good knee stability after the first reconstruc-
tion. Therefore, as a consequence of the revision surgery,
20% more of the patients have been able to return to
sport. This result is in conflict with the underlying belief
that an ACL revision is a salvage operation meant to
improve quality of life (activities of daily living) rather
than to secure a return to sport, which more likely hap-
pens for professional athletes in case of a good
result.14,16,23,34,36,47,51 Obviously, when satisfactory knee
stability is reached, most patients return to perform their
favorite sport as before their initial injury.
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