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Abstract

Purpose The purpose of this study was to evaluate and classify causes for anterior cruciate ligament (ACL) reconstruction
failure. It was hypothesized that specific technical and biological reconstruction aspects would differ when comparing trau-
matic and non-traumatic ACL reconstruction failures.

Materials and methods One hundred and forty-seven consecutive patients who experienced ACL reconstruction failure and
underwent revision between 2009 and 2014 were analyzed. Based on a systematic failure analysis, including evaluation of
technical information on primary ACL reconstruction and radiological assessment of tunnel positions, causes were classified
into traumatic and non-traumatic mechanisms of failure; non-traumatic mechanisms were further sub-divided into technical
and biologic causes. Spearman’s rank correlation coefficient and chi-squared tests were performed to determine differences
between groups based on various factors including graft choice, fixation technique, technique of femoral tunnel positioning,
tunnel malpositioning, and time to revision.

Results Non-traumatic, i.e., technical, and traumatic mechanisms of ACL reconstruction failure were found in 64.5 and 29.1%
of patients, respectively. Biological failure was found only in 6.4% of patients. Non-anatomical femoral tunnel positioning
was found the most common cause (83.1%) for technical reconstruction failure followed by non-anatomical tibial tunnel
positioning (45.1%). There were strong correlations between non-traumatic technical failure and femoral tunnel malposition-
ing, transtibial femoral tunnel drilling techniques, femoral transfixation techniques as well as earlier graft failure (p <0.05).
Conclusions Technical causes, particularly tunnel malpositioning, were significantly correlated with increased incidence
of non-traumatic ACL reconstruction failure. Transtibial femoral tunnel positioning techniques and femoral transfixation
techniques, showed an increased incidence of non-traumatic, earlier graft failure.

Keywords Anterior cruciate ligament (ACL) - ACL reconstruction - Revision - Tunnel positioning - Transtibial femoral
tunnel positioning - Femoral transfixation techniques

Introduction

There has been a recent increase in the number of primary
and revision anterior cruciate ligament (ACL) reconstruc-
tions being performed [1-4]. Reported rates of graft failure
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ACL reconstructions conducted by the Multicenter ACL
Revision Study (MARS) Group, the reported mode of ACL
reconstruction failure was traumatic in 32%, technical in
24%, biologic in 7%, and combined in 37% of cases [14].
Although traumatic rupture of the ACL graft has been cited
as the most common cause of ACL reconstruction failure,
other studies have identified technical factors, such as non-
anatomic tunnel placement, as the most common etiology in
22-79% of cases [1].

It is important to note that, in most studies, the system for
categorizing the mechanism of failure is solely determined
by the revising surgeon. Given that there are no commonly
accepted definitions or objective criteria for assessing causes
of ACL reconstruction failure, it is unsurprising that there
is wide variability among knee experts when assessing spe-
cific causes of ACL graft failure [15]. An expansion of the
aforementioned classification system (traumatic, technical
or biological causes) could increase comparability between
studies and improve understanding of the various factors
contributing to ACL reconstruction failure.

Thus, the purpose of this study was to systematically
evaluate technical differences in primary ACL reconstruc-
tion comparing traumatic versus non-traumatic ACL recon-
struction failure. It was hypothesized that specific techni-
cal aspects have a significant influence on non-traumatic
ACL reconstruction failures when compared to traumatic
re-injuries.

Materials and methods
Institutional review board approval was obtained.
Subjects

Between 2009 and 2014, 147 consecutive cases of failure
after ACL reconstruction were evaluated and retrospectively
reviewed. All patients had undergone primary ACL surgery
at different institutions and underwent ACL revision surgery
at the reporting department by a single experienced ortho-
pedic surgeon.

ACL reconstructions were defined as failures when
patients exhibited knee laxity, defined as a positive pivot
shift or Lachman test (office exam as well as exam under
anesthesia during revision surgery) with notable side-to-side
difference on arthrometer testing (>4 mm) [16]. Inclusion
criteria for the study included either of the above-mentioned
criteria in addition to arthroscopic and magnetic resonance
imaging (MRI) confirmation of recurrent laxity. Criteria for
exclusion included any history of prior ACL reconstruc-
tion failure, complex regional pain syndrome, incomplete
medical records regarding the technique of the primary
ACL reconstruction or mechanism of failure, incomplete or
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missing computed tomography (CT) scans, any prior ACL
revision surgery, and the presence of concomitant ligamen-
tous injuries.

Failure analysis

A systematic failure analysis was obtained in all cases before
revision surgery. Data were collected on patient demo-
graphics and on information regarding the primary ACL
reconstruction, including graft type, femoral tunnel drilling
technique, graft fixation technique as well as postoperative
complications, including additional revision surgery, and
infection. Patients were administered a questionnaire that
included questions regarding the mechanism of failure to
identify whether a traumatic incidence was present or absent
causing recurrent laxity. All patients underwent a compre-
hensive knee examination that was graded according to the
1999 International Knee Documentation Committee guide-
lines [17, 18].

Tibial and femoral tunnel positions were determined on
CT scans using validated radiographic measurement meth-
ods [19, 20]. As previously described, [21, 22], tunnel posi-
tions were categorized as anatomic if the center of the femo-
ral tunnel position was within a range of depth 19-29% and
height 22-53% and if the tibial tunnel position was within a
range of 30—44% in the CT scan measurements.

ACL reconstruction failures were categorized by the clas-
sification system previously described by Wright et al. [14].
A failure was classified as traumatic whenever a single ade-
quate mechanism of trauma for ACL graft rupture was iden-
tified, regardless of other factors, such as tunnel positioning.
A failure was classified as technical whenever there was no
history of trauma and a technical cause for graft failure could
be identified. All other cases were classified as biological
when there was a history of a postoperative intraarticular
knee infection with positive microbiology cultures and also
in cases in which no mechanism of trauma or technical cause
could be identified.

Data analysis

Descriptive statistics, including means, frequency counts,
percentages, and ranges were determined as appropriate for
continuous and categorical variables. Spearman’s rank cor-
relation coefficient and chi-squared tests were performed to
evaluate for predictors of non-traumatic ACL reconstruction
failure, such as graft choice, fixation technique, technique of
femoral tunnel positioning, or tunnel malpositioning. Data
analyses were performed using IBM SPSS software version
22.0 (SPSS Inc, Chicago, Illinois). Significance was set at
a p value of <0.05.
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Results

110 patients (74 males and 36 females) met the inclusion
criteria and were included in the final analysis (Fig. 1).

Mean ages at the times of primary ACL reconstruction
and revision were 25.05 (range 12—48 years) and 28.7 years
(range 15-48 years), respectively.

Classification of ACL reconstruction failure (Fig. 2)

Using the system outline above, all cases of ACL recon-
struction were assigned to either the traumatic, technical or
biological failure group.

The traumatic group consisted of 32 patients (29.1%).
In all cases, a mechanism of contact or non-contact trauma
was reported, resulting in recurrent subjective laxity, objec-
tive knee laxity and arthroscopically verified graft rupture.
In the remaining 78 non-traumatic cases (70.9%), no trau-
matic incident was reported, and all of these patients were
reported to have experienced gradual-onset of recurrent
laxity along with non-traumatic “giving away” episodes. In
this non-traumatic group, technical causes for non-traumatic
graft failure were identified in 71 patients (64.5%), while
biological causes were only found in seven (6.4%) patients.

147 ACL revision cases identified

\ 4

Excluded n=14
- Incomplete medical records

Excluded n=5
- Multiple ACL revision surgeries (n=3)
- Concomitant ligamentous injuries (n=2)

Excluded n=18
- CT scans not available (n=13)
- CT scans not eligible (n=5)

110 patients included

Fig. 1 Flowchart summarizing the application of inclusion and exclu-
sion criteria
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Fig.2 Classification of ACL reconstruction failure according to
Wright et al. [14]

Within the biological failure group, four cases (3.6%) were
related to joint infections and three other cases (2.7%) were
classified as biological since neither any episode of trauma
nor any technical error could be detected.

Time between primary ACL reconstruction
and revision (Fig. 3)

The mean time between primary and revision surgeries was
49.4 months (range 5-247 months). There was a significant
difference (p <0.05) in the mean time between surgeries
between traumatic (74.9 months; range 6247 months) and
non-traumatic cases (40.1 months; range 5-222 months),
suggesting that patients with non-traumatic ACL reconstruc-
tion failure underwent revision surgery earlier. Furthermore,
femoral transfixation was significantly associated with an
earlier failure compared to other femoral fixation devices
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Fig.3 Comparison of time between primary surgery and revision
surgery (months) in the traumatic and non-traumatic (technical and
biological) subgroups. The mean time between primary and revision
surgery was significantly shorter in the non-traumatic subgroup than
in the traumatic subgroup (p <0.05)
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(p £0.05). No significant differences regarding the time to
revision surgery were found comparing different tunnel posi-
tioning techniques (p >0.05).

Technical aspects of primary ACL reconstruction
and technical failure analysis (Table 1; Fig. 4)

Data comparing various technical aspects of primary ACL
reconstructions including graft choice, technique of femo-
ral tunnel positioning, femorotibial fixation techniques and
tunnel positioning between the traumatic, technical, and bio-
logical failure groups are represented in Table 1.
Non-anatomic femoral tunnel positioning was identi-
fied as the most common cause (83.1%) of non-traumatic

technical ACL reconstruction failure followed by tibial
malpositioning (45.1%). Of note, however, there were also
large numbers of non-anatomic femoral (62.5%) and tibial
(37.5%) tunnel positions in the traumatic group. There was
a significant correlation between the incidence of non-trau-
matic technical failure and femoral tunnel malpositioning
(» £0.05), but not tibial tunnel malpositioning (p >0.05).
There were also significant correlations between the
incidence of non-traumatic technical failure and both tran-
stibial femoral tunnel positioning techniques (p <0.05) and
femoral transfixation techniques (p <0.05). When different
methods of femoral fixation techniques with non-anatomic
tunnel positioning were compared, a significant correlation
was found between the method of femoral transfixation and

Table 1 Results of the
multivariate analysis comparing
technical aspects of primary
ACL reconstruction between
traumatic, technical and
biological failure

Total (n=110) Traumatic Non-traumatic
Technical Biological
% (n) % (n) % (n)
29.1 (32) 64.5 (71) 6.4 (7)

Graft choice

Hamstrings (n=89; 80.9%) 75 (24) 81.7 (58) 100 (7)

Patellar tendon (n=18; 16.4%) 21.9 (7) 15.5(11) 0

Quadriceps tendon (n=1; 0.9%) 0 1.4 (1) 0

Allograft (n=2; 1.8%) 3.1(1) 1.4 (1) 0
Femoral tunnel positions

Anatomic (n=28; 25.5%) 37.5(12) 16.9 (12) 57.14)

Non-anatomic (n=282; 74.5%) 62.5 (20) 83.1 (59)* 42.9 (3)
Tibia tunnel positions

Anatomic (n=64; 58.2%) 62.5 (20) 54.9 (39) 71.4(5)

Non-anatomic (n=46; 41.8%) 37.5(12) 45.1 (32) 28.6 (2)
Femoral tunnel positioning technique

Outside/in (n=3; 2.7%) 9.3(3) 0 0

Transtibial (n=68; 61.8%) 50 (16) 64.8 (46)* 85.7 (6)

Anteromedial (n=39; 35.5%) 46.9 (15) 33.8 (24) 0
Femoral fixation technique

Tiltable plate (n=26; 23.6%) 40.1 (13) 18.3 (13) 0

Tiltable plate + bio screw (n=12; 10.9%) 12.5 4) 9.9 (7) 143 (1)

Transfixation technique (n=32;29.1%) 18.8 (6) 29.6 21)* 71.4 (5)

Bio screw (n=18; 16.4%) 12.5 4) 18.3 (13) 14.3 (1)

Titanic screw (n=15; 13.6%) 6.3 (2) 18.3 (13) 0

Others (n=17; 6.7%) 9.4 (3) 5.6 (4) 0
Tibial fixation technique

Bio screw (n="74; 67.3%) 71.9 (23) 62 (44) 100 (7)

Bio screw + titanium fixation plate (n=4; 3.6%) 6.3(2) 2.8(2) 0

Titanic screw (n=12; 10.9%) 0 16.9 (12) 0

Titanium fixation plate (n=4; 3.6%) 3.1(D) 4.2 (3) 0

Bio screw +bone bridge (n=4; 3.6%) 6.3(2) 2.8 (2) 0

Press fit (n=4; 3.6%) 3.1(1) 4.2 (3) 0

Others (n=38;7.3%) 9.4 (3) 7.0 (5) 0

*p<0.05
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Fig.4 Comparison of the 1?0
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tibial tunnel malpositioning (p <0.05), although no correla-
tion was found for femoral malpositioning (p >0.05).
Further comparison of the traumatic and non-traumatic
group found no differences between graft types (p >0.05).
Other technical errors, such as femoral or tibial fixation
failure or missed collateral ligament injuries associated with
primary ACL reconstruction were not identified.

Discussion

The primary finding of this study was that, in agreement
with the initial hypothesis, certain technical aspects, specifi-
cally the use of transtibial femoral tunnel positioning tech-
niques and femoral transfixation techniques, were signifi-
cantly correlated with increased incidence of non-traumatic
ACL reconstruction failure. Furthermore, non-anatomic
femoral tunnel positioning was identified as the most com-
mon cause for non-traumatic ACL reconstruction failure,
though high rates of non-anatomic femoral and tibial tunnel
positions were also found in patients with traumatic ACL
reconstruction failure.

Based on the MARS’ system of classifying ACL recon-
struction failures and the above-mentioned system of
analyzing the causes of ACL reconstruction failure, non-
traumatic (technical and biological) factors (70.9%) were
identified as the most common cause of ACL reconstruc-
tion failure while traumatic causes for ACL reconstruction
failure were found in 29.1% of the cases. This distribution is
similar to a previously reported cohort of 90 revision ACL
reconstructions [23] in which non-traumatic and traumatic

traumatic

* non-traumatic

Femoral transfixation technique Transtibial femoral tunnel drilling

ACL reconstructions failures accounted for 52 and 24% of
cases, respectively, while other causes such as lack of graft
incorporation (8%), loss of motion (3%), failure related to
synthetic grafts (3%) and alignment or combined ligamen-
tous instability patterns not addressed (9%) were found less
frequently. In addition, the MARS Group [3] analyzed ACL
reconstruction failure mechanisms in primary and multiple-
revision patients. They found that the most common reasons
for failure were non-traumatic, gradual-onset injury in 47%
of multiple-revision patients and traumatic, non-contact
ACL injuries (55%) in primary revision patients. Other stud-
ies have reported, however, that traumatic mechanisms are
the predominant reason for ACL reconstruction failure [24].
The results of the present study highlight, therefore, that
there is no consensus in literature concerning the predomi-
nant mechanism of ACL reconstruction failure.

While mechanisms of ACL reconstruction failure are
commonly classified according to the MARS group’s mode
of failure classification [14], there is still no clear agreement
on definitions for failure [1]. Moreover, these systems do not
fully allow for the fact that there may be combinations of
different factors that may contribute to ACL reconstruction
failure [3, 25, 26]. Wright et al. [26] emphasized that most
studies examining potential causes of ACL reconstruction
failure did not delineate the specific type of failure and only
listed technical failure as a broad category. There is also
a considerable amount of evidence that, in many studies,
the classification of ACL reconstruction failures relies only
on the individual surgeon’s assessment [14]. Matava et al.
recently found that there is low inter- and intraobserver reli-
ability regarding the evaluation of mechanisms of primary
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ACL reconstruction failure even among experienced knee
surgeons [15].

To maximize reliability, the absence or presence of a
detectable mechanism of trauma was chosen as the primary
delineation for classifying mechanisms of failure in the pre-
sent study. Furthermore, several technical aspects associated
with ACL reconstruction failure were considered, including
radiographic determination of tunnel positions based on vali-
dated measurement methods [19, 20].

Although there is ongoing debate regarding the most
prevalent causes for ACL reconstruction failure, the results
of the present study are in accordance with previous stud-
ies [1, 23, 27-29] which have identified technical failure
as one of the more common causes of ACL reconstruction
failure. Analyzing causes for revision after ACL reconstruc-
tion, Kamath et al. [1] recently reported that technical errors
contribute to failure in 22—79% of cases, and Garofalo et al.
[29] demonstrated malpositioning rates of 79 and 21% for
femoral and tibial tunnels, respectively. The high rates of
non-anatomic tunnel positions in patients with mechanisms
of traumatic re-injury emphasizes that there may be combi-
nations of different causes contributing to ACL reconstruc-
tion failure.

The present study found that transtibial drilling tech-
niques were associated with non-traumatic technical failure,
which supports the results of numerous cadaveric in vivo and
clinical studies. In previous comparisons of transtibial with
other femoral tunnel drilling techniques, it has been found
that it may be technically more difficult to achieve anatomi-
cal tunnel positions with transtibial femoral drilling tech-
niques [30-35]. Nevertheless, other studies do not confirm
these results. Recent evidence from the Danish ACL Regis-
ter detected an increased risk of revision after anteromedial
compared with transtibial femoral tunnel drilling techniques
[36]. However, tunnel positions were not analyzed in this
study and, therefore, no conclusions on tunnel positions can
be drawn.

The present study found similar frequencies of non-
anatomic tunnel positioning with both anteromedial and the
transtibial femoral tunnel drilling technique, which suggests
that it is nevertheless a notable risk of non-anatomic tunnel
positioning even with the anteromedial technique. This high-
lights the importance of placing tunnels anatomically dur-
ing primary ACL reconstruction, regardless of the applied
drilling technique. As tunnel malpositioning is a common
cause of failure and occurs in considerable number of revi-
sion cases [37], it further has to be discussed whether tun-
nel positioning under fluoroscopic control or patient-specific
drill template should be recommended [38].

The use of femoral transfixation techniques was found
to be more commonly associated with non-traumatic and
earlier ACL reconstruction failure. Although it cannot be
definitely stated whether the transfixation method itself
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contributes to these findings, it is possible that non-ana-
tomical tunnel positioning was more commonly associated
with femoral transfixation techniques because this fixation
technique was concurrent with the use of transtibial femoral
tunnel drilling techniques in all cases. Discussing that only
tibial tunnel positions could have been identified, being sig-
nificantly more often associated with non-anatomic tunnel
positions applying femoral transfixation techniques, it can
be assumed that this may be related to modifications of tibial
tunnel positions to achieve more anatomical femoral tun-
nel positions. However, identifying transtibial drilling tech-
niques and femoral transfixation techniques, as independent
factors contributing to non-traumatic technical ACL recon-
struction failure, it has to be critically discussed, whether
these techniques are suitable for ACL reconstruction espe-
cially when used in combination.

Graft choice is an important and frequently discussed fac-
tor in ACL reconstruction. The data here demonstrated no
relevant differences in clinical outcomes and revision rates
between graft types, which is in accordance with numerous
previous studies [13, 14, 39]. However, results from a recent
large prospective study found that patients receiving patel-
lar tendon autografts had a significantly lower risk of revi-
sion compared with patients receiving hamstring autografts
[40]. Given the relatively small sample size of patients with
patellar tendon autografts in the present study, no significant
conclusions could be drawn from the data presented here.

The present study found that non-traumatic ACL recon-
struction failure, as compared to traumatic failure, was more
commonly associated with earlier time to failure. Given that
non-traumatic ACL graft failure is most commonly related
to technical aspects of primary ACL reconstruction, it is
possible that symptoms of failure may appear early after
primary ACL reconstruction and thus lead to earlier time to
failure. The relationship between non-traumatic mechanisms
of ACL reconstruction failure and earlier time to failure may
also be related to other previously described non-traumatic
causes for early graft failure, such as failure of graft incor-
poration, loss of graft fixation and premature return to high-
demand activities [1, 31, 41, 42]. The findings presented
here are in line with previous studies which have reported
that late failure is often secondary to a single or repetitive
trauma to the graft [6, 43].

Limitations

There were several limitations to this study. Due to small
sample sizes, statistically significant conclusions could
not be drawn for some groups, such as allograft type sub-
groups. Furthermore, the present study was retrospective
in nature. Of note, although the methodology used in the
present study utilized clear definitions to delineate between
failure mechanisms, technical (e.g., tunnel positions) and
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biological errors, no consensus on these definitions exists.
Given the lack of a control group of patients with intact ACL
reconstructions, the present study does not report on tunnel
malpositioning rates in patients with intact ACL reconstruc-
tions. However, the data presented here does suggest that
there are high rates of non-anatomic tunnel positioning in
cases of both traumatic and non-traumatic ACL reconstruc-
tion failure.

Conclusion

In conclusion, this study showed significant correlations
between non-anatomic tunnel positioning and the incidence
of non-traumatic, technical ACL reconstruction failure.
While this may suggest that non-anatomical tunnel position-
ing is an important cause for technical failure after primary
ACL reconstruction, considerable numbers of non-anatomic
tunnel positions were also found in patients with traumatic
re-injuries. Furthermore, transtibial femoral tunnel drilling
techniques and femoral transfixation techniques were also
found to be significantly correlated with the incidence of
non-traumatic graft failure. Consequently, the data high-
light the importance of anatomically placed tunnel posi-
tions as well as tunnel positioning technique in primary ACL
reconstruction.
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