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Abstract
Purpose of Review Recent literature was reviewed to identify and summarize the etiology of primary anterior cruciate ligament
(ACL) reconstruction (ACLR) failure reported.
Methods The databases Embase, PubMed, andMedline were searched onMarch 10, 2022, for English-language, clinical studies
that reported on the etiology of failure of primary ACLR. The studies were systematically screened in duplicate and data
abstracted.
Recent Findings Forty-three studies were identified that reported mode of failure in primary ACLR. Trauma (43 studies),
technical error (11 studies), and biology (9 studies) remain the most reported etiologies of ACLR failure. A combination of
causes was listed in three studies. No reported cause or “other” was listed in 22 studies.
Summary Many clinical studies fail to report etiology of ACLR failure. Level of detail provided regarding mode of failure varies
widely. Trauma, technical error, and biological failure remain the leading etiologies of ACLR failure reported in recent literature.
Technical error is likely underreported and a contributing factor in traumatic failures.

Keywords Anterior cruciate ligament . Reconstruction . Failure . Trauma . Technical . Biological

Introduction

Anterior cruciate ligament (ACL) rupture is one of the most
common orthopedic injuries with reported incidences as high
as 68 per 100 000 person years and are often treated with ACL
reconstruction (ACLR) surgery [1]. In a large population
study, the incidence of ACLR has seen a sharp rise from 7.5
per 100 000 persons in 1980 to 48.5 per 100 000 persons in
2015 [2]. ACLR aims to restore stability and prevent future
chondral and meniscal injury. With the increase in primary
ACLR, there has also been an increase in the prevalence of
revision ACLR with reported rates ranging from 3 to 25% of
primary reconstructions [3, 4].

There is no consensus agreement regarding the definition
of ACLR failure. Failure can be defined as graft rupture or
recurrent instability (early or late), loss of motion or
arthrofibrosis, extensor mechanism dysfunction, arthritis,
and poor patient-reported outcomes (such as pain or inability
to return to sport) among others [5•]. For the purposes of the
current scoping review, recurrent instability leading to revi-
sion ACLR will be considered. The Multicenter ACL
Revision Study (MARS) Group was developed to perform a
multisurgeon, multicenter prospective longitudinal study to
obtain sufficient subjects to allow multivariable analysis to
determine predictors of clinical outcome in revision ACL sur-
gery. The MARS group proposed a classification system for
mode of ACLR failure [6]. The causes of ACLR failure can
generally be divided into technical errors, biologic factors, and
repeat traumatic injury. A subset of patients may also experi-
ence failure due to a combination of causes. Identifying the
precise etiology of ACLR failure is critically important to
properly plan revision ACL surgery. Furthermore, identifying
the cause of failure is valuable so that surgeons may educate
themselves regarding techniques to prevent future failure.
This is especially true given the inferior patient-reported out-
comes seen with revision versus primary ACLR [7]. A
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systematic review of the Scandinavian knee ligament regis-
tries performed in 2019 reported revision ACLR patients had
statistically significant inferior KOOS and European Quality
of Life-5 dimensions (EQ-5D) compared with primary ACLR
[8]. Additionally, return to sport has been demonstrated to be
inferior in revision ACLR compared to primary ACLR [9]
with literature demonstrating revision ACLR had a 49% re-
turn to pre-injury sport comparted to 63% in the primary
ACLR [10].

The purpose of the current scoping review, therefore, is to
provide an up-to-date summary regarding the most common
causes of failure in ACLR surgery reported in the literature.

Materials and Methods

Identification of Studies

Online electronic databases (PubMed, Medline, and Embase)
were searched for studies reporting on etiology of ACLR fail-
ure. The search included those studies that were published
between January 1, 2017, and March 10, 2022. The search
terms used included are as follows: anterior cruciate liga-
ment/ACL, revision/failure, and reconstruction. Studies were
eligible if they were a [1] clinical study, [2] English language
study, [3] ACLR (primary or revision) with any graft type, and
[4] results included cause of primary ACLR failure. The ex-
clusion criteria included studies that did not explicitly discuss
etiology of the ACLR failure, non-English studies, no full text
available, cadaveric studies, biomechanical studies, book
chapters, and conference papers. When multiple studies had
overlapping patient populations, the most recent study was
selected for inclusion.

Two reviewers (A.U., P.Y.) completed the title and abstract
review screening for eligible studies independently and in
duplicate. A full-text review was subsequently conducted.
Disagreements were resolved through consensus discussions
with the senior author (M.A.). References of included studies
were screened to identify any additional studies meeting
search criteria. The search strategy is outlined in Fig. 1.

Results

Search Results

A total of 43 studies were identified with mode of failure
reported on 2073 patients. Thirty-nine studies included cause
of failure for primary ACLR [11–49]. Four studies included
both primary and revision ACL failure but reported data sep-
arately [10, 50–52]. A description of clinical articles and re-
ported mode of failure can be found in Table 1.

Trauma

Failure was attributed to trauma in 43 studies (1349 cases).
Trauma accounted for 16.2–100% of case failure of primary
ACLR in these studies. Trauma was most frequently reported
related to sporting injury (20 studies, 625 cases). Pivoting
sports (soccer, football, handball) were frequently listed as
activity causing re-injury. Other reported causes of traumatic
graft rupture reported include motor vehicle accident (4 stud-
ies, 4 cases) and workplace accident (1 study, 5 cases).

Technical Error

Technical error was the second most common mode of failure
reported in recent literature (1.1–100%). Technical error was
listed as mode of failure in 11 studies (258 cases). When
specifics relating to technical error were reported, tunnel mal-
position was the most discussed error (6 studies, 180 cases).

Fig. 1 PRISMA flow diagram demonstrating the search strategy for
etiologies of ACLR failure
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One study specially discussed femoral versus tibial tunnel
malposition and found femoral tunnel malposition to be more
common (26 versus 13 failures). Transtibial tunnel drilling
was to correlate to femoral tunnel malposition. Hardware fail-
ure was discussed as cause of ACLR failure in one study (1
case), though exact details were not given (screw pull out,
suspensory fixation failure, etc.). Missed concomitant injury
was reported in one study (54 cases). Specifics of missed
injuries were not discussed within the study.

Biological

Biological failures were reported in 9 studies (58 cases). In
those studies, biology contributed to 1.8–25.4% of failures.
The most common specific biological cause of failure listed
was infection (4 studies, 15 cases). Biological was also chosen
as mode of failure if no traumatic injury had occurred, and no
technical error was appreciated (6 studies, 43 cases).

Other/Not Reported

Twenty-two studies reported causes of failure as “other” or
failed to report specific mode of failure. There were 256 cases
of primary ACLR failure with no specific mode of failure
identified. In many of these studies, failures were classified
as “traumatic” and “non-traumatic” or “other”, with no com-
ment on technical or biological modes of failure.

Discussion

The main finding of the current study is that traumatic re-
injury and technical error were the most reported modes of
failure in the recent literature. Technical error was most attrib-
uted to tunnel malposition. The current study also found that
details on mode of failure provided in the studies varied wide-
ly across the literature. Additionally, there perhaps exists bias
given that classification of failure relied upon the surgeon/
investigator’s judgment.

The findings are in keeping with previous literature
that report trauma as the most common etiology of
ACLR failure [6, 54, 55••]. Early return to sport can be
a risk factor for traumatic graft failure. One study reported
that the majority of traumatic graft ruptures occurred be-
tween 6 and 9 months post injury [52]. Another study
reported that 20.8% of failures occurred less than 6
months post-surgery and 52.3% of failures occurred less
than 1 year post-surgery [15]. This is in keeping with
previous literature demonstrating delay in return to sport
reduces risk of graft failure. A 2016 study demonstrated
that for every month that return to sport was delayed, until
9 months post-surgery, the rate of re-injury was reduced
by 51% [56].T
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Technical error accounted for the second most common
mode of ACLR failure. Non-anatomic tunnel placement
was frequently reported as the error causing failure.
Accurate tunnel placement is vital to the success of
ACLR. Inadequate reproduction of the native ACL ana-
tomical footprints may increase graft stress and produce
unwanted modifications in graft length and/or tension [57,
58]. Though specifics of tunnel malposition were not fre-
quently reported in the recent literature, previous studies
have demonstrated anterior and vertical tunnel placement
to be a risk factor for ACLR failure. Anterior or posterior
placement can cause limited motion and laxity in flexion
or extension, respectively. Vertical tunnel malposition can
result in rotational instability and gradual elongation of
the graft [5]. A recent study examined femoral tunnel
position with relation to patient-reported outcome mea-
sures and ACLR failure [59••]. Seventy-eight patients
were followed for a mean of 11.4 years. There were 16
reported failures. In 15 of the ACLR failures, the femoral
tunnel aperture was placed too anterior. The study identi-
fied a safe zone located at the most posterior 35% of the
femoral condyle parallel to Blumensaat’s line [59••]. A
2012 study specifically looking at femoral tunnel malpo-
sition had similar findings. In the study of 460 revision
ACLR, 276 patients had technical error as the cause of
failure. Femoral tunnel malposition was a contributing
factor in 47.6% of all cases. It was deemed the sole cause
of failure in 25.4% of cases. The femoral tunnel was
deemed too vertical in 35.9% of cases, too anterior in
29.9% of cases, and too anterior and vertical in 26.5%
of cases [60].

A 2020 systematic review specifically examined mode
of failure in ACLR [55••]. In the study of 24 cohort stud-
ies and 4 registry studies, it was reported that the most
common mode of failure in ACLR was trauma (38%) at a
mean follow-up of 4.2years. This was followed by tech-
nical errors (22%), combined causes (19%), and biologi-
cal failures (8%). Technical error was described as tunnel
malpositioning (96%), graft fixation failure (2%), tunnel
enlargement (1%), missed concomitant injury (1%). The
study also concluded that technical error played a contrib-
uting role of 17% of all failures. Femoral tunnel malposi-
tion was again reported as the most common cause of
technical error. The authors also noted that transtibial tun-
nel drilling was associated with increased rate of femoral
tunnel malposition [55••].

As noted in the above systematic review, technical errors
are not always assessed in studies and the incidence of tech-
nical causes for graft failure may be higher [55••]. Technical
errors were reported more commonly in studies looking spe-
cifically to assess tunnel position radiographically.
Additionally, technical errors may be present in traumatic

failures thus potentially contributing to failure but not ac-
counted for. One study reported that in the traumatic failure
group, non-anatomic femoral tunnel position was noted in
62.5% of cases, while non-anatomic tibial tunnel position
was noted in 37.5% of cases [23••].

Reporting on biological failure varied significantly.
This may be in part due to a lack of clear definition
of biological failure. Biological failure was reported
when there was a history of a postoperative knee infec-
tion and in cases in which no mechanism of trauma or
technical cause could be identified. In this instance, bi-
ological failure was used as a diagnosis of exclusion.
Other possible causes of biological graft failure include
lack of graft incorporation, graft rejection, and a failure
in the ligamentization process [61].

An important finding of the current review is that
etiology of failure is infrequently reported. During full-
text review, 140 studies were excluded due to lack of
reporting on etiology of failure. Secondly, when etiolo-
gy was reported, it was done so with varying levels of
detail. Some studies reported only on traumatic re-
ruptures or traumatic versus “non-traumatic” failures.
In this instance, non-traumatic could be attributed to
technical or biological or a combination of causes.
Additionally, the purpose of many clinical studies was
not to report failure specifically thus potentially not ac-
curate. Finally, classification of failure relies upon the
surgeon and/or investigator’s best judgment. Previous
study of classification of failure has demonstrated that
it is associated with low inter- and intraobserver reli-
ability, even with experienced surgeons [62].

Conclusion

Accurate classification of ACLR failure remains a chal-
lenging but important task. While many studies do not
list etiology of ACLR failure, trauma and technical error
remain the leading etiologies of ACLR failure reported
in recent literature. Tunnel malpositioning (specifically
femoral tunnel) is the most reported technical error.
Technical error is likely underreported and a contribut-
ing factor in traumatic failures.
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