
introduction

There has been extensive agreement that ligament reconstruc-
tion is an optimal treatment strategy for functional instability 
of the knee caused by anterior cruciate ligament (ACL) defi-
ciency1-4). Long-term outcomes of ACL reconstruction are good 
or excellent in terms of restoration of articular stability, improve-
ment of symptoms, and return to preinjury activities (range, 75% 
to 97%)1-3,5,6). Unfortunately, 0.7%–20% of patients experience 

recurrent instability due to graft failure4,7-11). Patients have a 5.4% 
risk of undergoing a revision surgery within five years after pri-
mary ACL reconstruciton6). In the USA, the annual incidence of 
ACL tears is approximately 1 in 3,000 people: more than 175,000 
people had an ACL injury every year and about 100,000 opera-
tions were performed every year in the last decades1-3,5,6,12-14). 
Considering the progressive increase in ACL injury and the need 
for reconstruction surgery1,2,5), it is reasonable to expect that the 
incidence of failure will also increase. A successful ACL revision 
surgery requires a methodical approach to identification and 
correction of all potential causes of failure. Thus, it is extremely 
important to make an accurate preoperative plan based on anam-
nesis and clinical and radiological evaluations. Several factors can 
influence the success of revision surgery including the preinjury 
laxity and integrity of secondary stabilizers; articular cartilage 
and meniscus status, graft type, surgical technique, rehabilitation, 
and patient’s compliance, enthusiasm, and expectation8).

Accurate identification of the cause of failure is needed to se-
lect the most appropriate revision strategy for each patient. For 
example, the operation can be carried out in one or two sessions 
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depending on the case. If a failure is only due to incorrect femo-
ral tunnel placement, a revision surgery can be done in a single 
session. In other circumstances, there is a need for two different 
surgical sessions, as in the case of tunnel enlargement with mas-
sive bone stock decrease.

In this study, we analysed failure aetiology and possibilities of 
revision surgical strategies with a description of our experience in 
ACL revision surgery.

Materials and Methods

Between 2006 and 2015, we observed 47 patients with relaps-
ing instability after ACL reconstruction. Five patients decided 
not to subject themselves to ACL revision surgery, so they were 
excluded from the study. The remaining 42 patients underwent 
ACL revision. Since one patient underwent surgery twice, a total 
of 43 ACL revisions were reviewed. All surgeries were performed 
by one senior surgeon. The same rehabilitation program was ap-
plied to all patients. There were 9 females and 33 males. Their 

average age was 32.6±10.18 years (range, 16 to 53.6 years). The 
average time elapsed from the first ACL reconstruction was about 
2.5±2.48 years (range, 9 months to 14 years) (Table 1).

All patients were evaluated clinically and radiologically with 
magnetic resonance imaging and radiography. Furthermore, pos-
sible associated instabilities of the joint were investigated under 
anaesthesia during revision surgery. Anterior shifting of the oper-
ated knee was compared to that of the contralateral knee using an 
arthrometer (Rolimeter; Aircast Europa, Neubeuern, Germany). 
In the first ACL reconstruction, autologous bone-patellar tendon-
bone (BPTB) were used in 27 patients, gracilis and semitendino-
sus tendons with top traction system (TTS; Orthoplus s.r.l., Pad-
ua, Italy) technique in 11 patients, cryopreserved patellar tendon 
allograft in 2 patients (Fig. 1), and synthetic ligaments (Dacron; 
Meadox Medicals, Oakland, NJ, USA) in 3 patients (Table 2).

After revision surgery, the average follow-up was 42.7±27.1 
months (range, 10 to 108 months). All patients were evaluated 
using the International Knee Documentation Committee (IKDC) 
scale, Lysholm score, and Tegner activity scale.

results

The results (both subjective and objective) of the revision sur-
gery using the IKDC scale were as follows: 36 patients (85.7%) 
obtained optimal results (normal knee; group A), 3 patient (7.2%) 
obtained good results (nearly normal knee; group B), 2 patients 
(4.8%) obtained unsatisfactory results (abnormal knee; group C), 
1 patient (2.4%) obtained bad results (seriously abnormal knee; 
group D). Thus, satisfactory results were obtained in 92.9% of the 
patients. 

Subjective evaluation on the patient’s general satisfaction using 
the IKDC score (Fig. 2) provided the following results: group A, 
36 patients (85.6%); group B, 3 patient (7.2%); group C, 2 patients 
(4.8%); and group D, 1 patient (2.4%). Objective evaluation of 
the operated knee based on recovery of complete range of mo-

Table 2. Tendons Used in the First Anterior Cruciate Ligament Recon-
struction

Variable
No.of 

patients

Autologous bone-patellar tendon-bone 27

Gracilis and semitendinosus tendons with TTS technique 11

Cryopreserved patellar tendon allograft 2

Synthetic ligament (Dacron) 3

Total 43

TTS: top traction system.

Table 1. Demographic Data and Follow-up

Variable Mean±SD

Sex (M:F) 33:9

Age at revision ACL reconstruction (yr) 32.6±10.18

Average time between 1st ACL recosntruction and  
ACL revision (yr)

2.5±2.48

Follow-up from revision ACL reconstruction (mo) 42.7±27.1

SD: standard deviation, ACL: Anterior cruciate ligament. 

Fig. 1. Arthroscopic view of biological failure after anterior cruciate liga-
ment reconstruction with allograft (cryopreserved patellar tendon).
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tion, possible loss of extension and/or flexion, and positive laxity 
or articular instability tests (Jerk and Lachman tests) provided 
the following results: group A, 39 patients (92.8%); group B, 0 
patients (0%); group C, 2 patients (4.8%); and group D, 1 patients 
(2.4%). Anteroposterior laxity evaluation was carried out with 
an arthrometer (Rolimeter), which yielded comparative values 
in relation to the contralateral knee between 0 and 2 mm. With 
regard to the Lysholm score (Fig. 3), 39 patients obtained a score 
between 100 and 95 points, 1 patient had a score between 94 and 
84 points, and 2 patients had a score between 83 and 65 points.

With regard to the Tegner activity level, 35 out of 42 patients 

had an average level of 6.70 increased from a preinjury average 
level of 6.58 at 12 months after surgery. Although no statistical 
significance was observed in this result, this indicates 83.3% of 
the patients obtained functional recovery that allowed sports 
activities they had performed before ACL failure. The Tegner 
level decreased from 7 to 3 in only 2 patients, and 5 patients de-
cided to not to engage in previous activities for personal reasons. 
The majority of patients reported satisfaction with the operation 
and postoperative functional recovery. Some reported they felt 
insecure during sports activities, which often justified their as-
sessment of “nearly normal knee” in spite of resumption of sports 
activities. Only 2 patients reported unsatisfied because they had 
not resumed preinjury level of activities due to pain, flexion defi-
cit, or persistent giving way. 

Regarding the failure aetiology, 32 out of 42 of the patients 
(76.2%) had a traumatic sprain to the knee, whereas the others 
had progressive instability without an important trauma after pri-
mary ACL reconstruction. In particular, instability was found in 
2 patients with synthetic ligaments and 8 patients (19.1%) where 
anterior placement of the femoral tunnel (technical error) was 
noted during revision surgery.

Cryopreserved gracilis and semitendinosus tendon allografts 
(TTS technique) were used in 17 patients and cryopreserved pa-
tellar tendon allografts in 14 patients. We used autologous gracilis 
and semitendinosus tendons in 1 patient and autologous BPTB 
in 1 patient. We used cryopreserved anterior tibialis tendon al-
lografts in 2 patients  (Fig. 4) and cryopreserved Achilles tendon 
allografts in 2 patients. Cryopreserved semitendinosus tendon al-

Fig. 4. Anterior cruciate ligament revision with the anterior tibialis ten-
don.

Group A: normal knee
Group B: nearly normal knee
Group C: abnormal knee
Group D: seriously abnormal knee

85.7%

7.2%

4.8% 2.4%

Fig. 2. International Knee Documentation Committee results: 36 pa-
tients (85.7%) obtained optimal results (group A); 3 patients (7.2%) 
obtained good results (group B); 2 patients (4.8%) obtained unsatisfac-
tory results (group C); 1 patient (2.4%) obtained bad results (group D). 
Overall, good results (the first two classes) amounted to 92.9%. 
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Fig. 3. Lysholm score results: 39 patients obtained a score between 100 
and 95 points, 1 patient obtained a score between 94 and 84 points, 2 
patients had a score between 83 and 65 points.
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lografts were used in in 4 patients and autologous semitendinosus 
grafts in 2 patients (tape locking screw system; FH Orthopedics, 
Heimsbrunn, France) (Table 3).

Thirty-one patients were treated with a single session revision 
surgery. Seven patients underwent two-session revision where 
there was some delay until the second session procedure after 
screw removal. In 5 patients, it was observed the screws had been 
removed in other hospitals.

discussion

Revision ACL surgery is a challenging procedure: postoperative 
satisfaction rates can be 3–4 times lower than those of primary 
ACL reconstruction. In this study, we analysed the failure aeti-
ology and the possibilities of revision surgical strategies (graft 
choice, in particular) with a description of our experience. The 
causes of ACL reconstruction failure can be divided into three 
categories: technical errors, biological failure, and traumatic 
injury. Technical mistakes are usually responsible for reconstruc-
tion failure that occurs within 6 months after surgery15). Surgical 
technique-related errors are the most common cause of relapsing 
instability after ACL reconstruction, accounting for 77% to 95% 
of all cases of ACL failure. By far the most commonly cited tech-
nical error in ACL reconstruction has been non-anatomic tunnel 
placement, accounting for 70% to 80% of all technical failures, 
with an improperly placed femoral tunnel being the root cause 
in most cases4,9,16,17). Biological causes include lack of graft incor-
poration, infection, allograft rejection, and a failure in the liga-
mentization process15). Finally, the incidence of failure resulting 
from traumatic causes is thought to be around 5% to 10%. These 

failure reasons do not exclude each other reciprocally and more 
than one can contribute to a failure. Before surgery, the patient 
has to be informed of possible surgical procedures. For example, 
loss of motion related to the contracture may require surgical de-
bridement in a separate operation or during revision surgery6,7). 
If the cause is a wrong graft position, this has to be confirmed 
during the surgical procedure after graft removal. If the whole 
range of motion is restored, the revision can be done during the 
same session. A large scar or capsular contracture can be treated 
more efficiently with a different surgery after a rehabilitation pe-
riod carried out before revision. The importance of obtaining a 
complete range of motion before revision must not be underesti-
mated. Wrong tunnel size or placement sometimes necessitates a 
different surgical session for transplanting some bone in order to 
fill possible defects, delaying revision for 6–12 weeks6). 

The choice of graft type for revision surgery is still controver-
sial18). Graft type choice has to be made by the surgeon together 
with the patient. The most common graft used for primary ACL 
reconstruction is the homolateral autograft made of the BPTB19). 
Therefore, if an autologous tissue is preferred, the options include 
the gracilis and semitendinosus tendons, quadriceps tendon, or 
contralateral patellar tendon. Gracilis and semitendinosus ten-
dons are a valid choice for ACL revision surgery1,11,20). Another 
graft option is represented by allografts, which have both sup-
porters and detractors1,10,21). The advantage of this graft type in re-
vision surgery is the possibility of modelling the bone’s oversized 
blocks when tunnel enlargement or graft and/or fixation system 
removal causes an osseous loss. In some cases, this can eliminate 
the need for surgery for drawing of the bone graft. In spite of such 
advantages, synthetic grafts did not function in a satisfactory way, 
thus losing consensus on the efficacy. Our graft choice in revision 
was based on the graft type used in the primary reconstruction, 
the revision tunnel size, and patient’s functional demands. Noyes 
and Barber-Westin recommend the use of autologous BPTB graft 
in revision because they think it would result in lower failure 
rates compared to allograft22). Autograft tissue has been shown 
to be a good graft option in revision by many authors, with the 
exception of using previously harvested tissue. Diamantopoulos 
et al.23), Ferretti et al.24), and Weiler et al.20) have published large 
case series of patients treated with the use of hamstring autograft 
in revision surgery. A meta-analysis performed by Freedman et 
al.2) concluded that patellar tendon autografts were associated 
with fewer failures and better instrumented laxity in comparison 
with hamstring tendon autografts but with an increased rate of 
anterior knee pain. Similar findings were noted in a retrospective 
series by Barrett et al.25) and Pinczewski et al.26) as well. O’Neill27) 

Table 3. Tendons Used in the Anterior Cruciate Ligament Revision Surgery

Variable
No.of 

patients

Cryopreserved gracilis and semitendinosus tendon 
allografts (TTS technique)

17

Cryopreserved patellar tendon allograft 14

Autologous semitendinosus in 2 cases (TLS technique) 4

Cryopreserved semitendinosus tendon allograft 2

Cryopreserved anterior tibialis tendon allograft 2

Cryopreserved Achilles tendon allograft 2

Autologous gracilis and semitendinosus tendons 1

Autologous bone-patellar tendon-bone 1

Total 43

TTS: top traction system, TLS: tape locking screw system.
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published a failure rate of 6% in a series of 48 patients who un-
derwent revision surgery with unharvested ipsilateral grafts 
(hamstring or BPTB). The results of the ACL revision surgery 
were not comparable to those obtained from the primary recon-
struction28), as we have found in our study and in the literature: 
the success rate of primary reconstruction is about 92% com-
pared to 87% of revision surgery. These less favourable results can 
be attributed to various causes as in previous operations includ-
ing meniscus damage or cartilaginous defect. O’Neill27) evaluated 
48 revisions with autografts using the IKDC score and achieved 
good results in 84% of the cases; 42% fell into the category A 
(normal) and 42% into the category B (nearly normal). They also 
studied 38 revisions with cryopreserved allografts: patient satis-
faction rate was 84% and residual anteroposterior laxity (KT-1000; 
MEDmetric, San Diego, CA, USA) was observed in 84% of the 
cases. According to the objective evaluation of the IKDC score, 
17 patients were classified as category A, 8 as category B, and the 
remaining 4 as category C, with an average score of 85.56 in the 
subjective evaluation of the IKDC score. 

In our study, 92.2% of the patients had a normal or a nearly 
normal knee (IKDC groups A and B). The failure rate was 7.2%. 
These results are similar to those documented in recent studies 
described above. 

Limitations of this study include the small number of patients 
and the retrospective nature of the study that caused difficulty 
in follow-up of patients who were unavailable for evaluation due 
to moving or other reasons years after surgery. The significance 
of this study lies in the fact that it included an extensive analysis 
of failure aetiologies and options for revision surgical strategies. 
Understanding of the cause of failure is the first and the foremost 
important step for successful revision of ACL reconstruction.

conclusions

ACL revision surgery is suitable for patients with clinically 
evident anterior laxity associated with instability during normal 
daily or sports activities. The aim of the surgery is to stabilize the 
knee joint, prevent further damage to the cartilage and the me-
nisci, and allow the patient to resume normal daily and/or sports 
activities. 

A successful revision surgery requires accurate preoperative 
patient evaluation and knee imaging. Then, the surgeon needs 
to decide the most suitable procedure for each case in terms of 
graft selection and single/double session surgery and prescribe 
individualized rehabilitation protocols. It is also important to 
discuss with the patient before revision about the causes of failure 

and expectations. Given the complexity of the revision surgery 
and the possibility of obtaining results inferior to those in pri-
mary reconstruction as evidenced in this study. It is necessary to 
remind the patient that revision should be considered as a rescue 
procedure. In conclusion, we think that it is fundamental to accu-
rately inform patients of all possible problems before initiation of 
the revision surgery, even if the procedure is known to yield high 
rates of excellent and good outcomes.
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