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Abstract
Purpose Anterior cruciate ligament (ACL) graft failure is a complication that may require revision ACL reconstruction 
(ACL-R). Non-anatomic placement of the femoral tunnel is thought to be a frequent cause of graft failure; however, there is 
a lack of evidence to support this belief. The purpose of this study was to determine if non-anatomic femoral tunnel place-
ment is associated with increased risk of revision ACL-R.
Methods After screening all 315 consecutive patients who underwent primary single-bundle ACL-R by a single senior 
orthopedic surgeon between January 2012 and January 2017, 58 patients were found to have both strict lateral radiographs 
and a minimum of 24 months follow-up without revision. From a group of 456 consecutive revision ACL-R, patients were 
screened for strictly lateral radiographs and 59 patients were included in the revision group. Femoral tunnel placement for 
each patient was determined using a strict lateral radiograph taken after the primary ACL-R using the quadrant method. The 
center of the femoral tunnel was measured in both the posterior–anterior (PA) and proximal–distal (PD) dimensions and 
represented as a percentage of the total distance (normal center of anatomic footprint: PA 25% and PD 29%).
Results In the PA dimension, the revision group had significantly more anterior femoral tunnel placement compared with 
the primary group (38% ± 11% vs. 28% ± 6%, p < 0.01). Among patients who underwent revision; those with non-traumatic 
chronic failure had statistically significant more anterior femoral tunnel placement than those who experienced traumatic 
failure (41% ± 13% vs. 35% ± 8%, p < 0.03). In the PD dimension, the revision group had significantly more proximal femoral 
tunnel placement compared with the primary group (30% ± 9% vs 38% ± 9%, p < 0.01).
Conclusion In this retrospective study of 58 patients with successful primary ACL-R compared with 59 patients with failed 
ACL-R, anterior and proximal (high) femoral tunnels for ACL-R were shown to be independent risk factors for ACL revi-
sion surgery. As revision ACL-R is associated with patient- and economic burden, particular attention should be given to 
achieving an individualized, anatomic primary ACL-R. Surgeons may reduce the risk of revision ACL-R by placing the 
center of the femoral tunnel within the anatomic ACL footprint.
Level of evidence Level III.

Keywords Anterior cruciate ligament · Revision · Reconstruction · Anatomic · Failure · ACL · Trauma · Arthroscopic · 
Value · Value-based

Introduction

Anterior cruciate ligament reconstruction (ACL-R) failure 
rates have been reported between 3 and 17% after primary 
ACL-R [25, 28]. ACL-R failure is a severe complication, 
as patients who undergo revision ACL-R undergo another 
period of rehabilitation and may have worse clinical out-
comes and lower rates of return to play [10, 13, 15]

Numerous reasons for ACL-R failure exist, includ-
ing technical, traumatic, and biologic mechanisms. The 
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Multicenter ACL Revision Study’s (MARS) analysis of 
460 patients undergoing revision ACL-R found that techni-
cal error was responsible for failure 60% of the time, with 
non-anatomic femoral tunnel position being cited in 80% of 
these cases [13, 16]. Among patients where femoral tunnel 
malposition was cited as the only cause for failure, the tun-
nels were judged to be too anterior 30% of the time, and too 
vertical 36% of the time [16]. Placement of the ACL graft 
within the native femoral footprint, as opposed to outside 
of it, has been shown to reproduce kinematics more similar 
to that of the intact knee [17, 31]. The location of the tibial 
tunnel may also affect knee kinematics, as knees with tun-
nels placed in the posterior portion of the tibial footprint 
have been found to have increased anterior tibial translation 
compared with the intact knee [24].

The ACL’s native femoral insertion site may be evaluated 
on lateral radiographs, and has been measured in a cadaveric 
study by Bernard et al. as 25% of the distance from the pos-
terior condyle along Blumensaat’s line and 29% of the height 
of the condyle measured orthogonally from Blumensaat’s 
line [1]. While anatomic ACL reconstruction may be con-
sidered a concept more so than a specific technique, it has 
been defined as the functional restoration of the ACL to its 
native dimensions, collagen orientation, and insertion sites 
[27]. In addition to biomechanical studies that demonstrated 
the advantage of anatomic ACL-R over non-anatomic tech-
niques, a randomized control trial demonstrated small, but 
significantly improved anteroposterior and rotational stabil-
ity of anatomic ACL-R compared with trans-tibial ACL-R 
[3, 7, 12, 17]. Despite improved biomechanics of anatomic 
ACL-R, conventional trans-tibial ACL-R may be sufficient 
for some patients due to participation in activities which 
are less demanding or at lower activity levels, as well as 
variation in individual anatomy [5, 14, 20]. However, objec-
tive data on femoral tunnel placement through radiologic 
measurement and its relationship to revision ACL-R has 
not been well established in the literature. Understanding 
the risks for revision surgery may help surgeons perform a 

more value-based ACL-R. “Value,” generally speaking, may 
be considered to be the ratio of benefits to costs. Therefore, 
a “value-based” ACL-R may be considered as one which 
aims to maximize the benefits of the surgery, as measured by 
patient reported outcomes, through evidence-based practice 
while minimizing the costs of additional procedures [2].

The purpose of this study was to assess the femoral tunnel 
position on routine post-operative plain films in patients who 
required revision ACL-R compared with those who did not. 
Moreover, to the best of the author’s knowledge, this is the 
first study to investigate femoral tunnel position and mecha-
nism of failure in the context of revision ACL-R. It was 
hypothesized that patients who underwent revision ACL had 
femoral tunnels placed more anteriorly, more proximally, or 
both, when compared to patients who did not require ACL 
revision.

Materials and methods

Following approval by the Institutional Review Board at 
University of Pittsburgh (STUDY1903019), a database 
search was performed for all primary, isolated single-bundle 
ACL-R performed by a single senior orthopedic surgeon 
(V.M.) between January 2012 and January 2017; a total 
of 315 patients were identified. Given the relative infre-
quency of revision ACL-R surgery, the database search was 
expanded to include all revision ACL-R at a single academic 
institution between January 2009 and January 2019, result-
ing in 456 individuals. Inclusion criteria included “strict” 
post-operative lateral knee radiographs, ACL-R without 
multi-ligamentous injury at time of index surgery, and mini-
mum 2-year follow-up for primary ACL-R. Postoperative 
lateral knee radiographs were deemed “strict” if there was 
less than 6 mm of offset between the posterior halves of 
the medial and lateral condyles, as this has been shown to 
maximize inter-observer reliability (ICC = 0.77 for condy-
lar offset of 0–6 mm) (Fig. 1) [18]. To minimize inclusion 

Fig. 1  Strict lateral knee radio-
graph. Examples of lateral knee 
radiographs. a demonstrates 
a “strict” lateral radiograph, 
determined when there was less 
than 6 mm of offset between the 
posterior walls of the medial 
and lateral femoral condyles, 
when measured perpendicular 
to the tangent of the curves. b 
Demonstrates an example of a 
lateral radiograph that does not 
meet criteria to be considered 
“strict,” as it was measured to 
have more than 6 mm of offset
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of patients in the primary group who eventually required 
revision, patients in the primary group required a minimum 
follow-up of 24 months. Exclusion criteria included con-
comitant ligament reconstruction procedures performed at 
the time of index surgery and two-tunnel femoral ACL-R. 
Of the 315 patients who underwent primary single-bundle 
ACL-R, 172 were excluded due to lack of a strict lateral 
radiogram, 67 were excluded due to insufficient follow-up, 
and 18 were excluded due to having undergone revision 
ACL-R within the follow-up period, leaving 58 patients in 
the primary group who met the inclusion criteria. Patients 
from the revision group were screened consecutively until 
59 patients who met inclusion criteria and had strict lateral 
radiographs were included. To evaluate ACL-R failures by 
any potential mechanism, no time cut-off was used when 
screening cases of revision. One-hundred-and-seventeen 
patients were included in the final analysis.

Demographic data including age, sex, laterality, BMI, 
graft choice, length of follow-up, and time to failure (if 
applicable) were collected for all patients in each group 
and are shown in Table 1. For each patient, who underwent 

revision, the mechanism of failure was recorded as either 
chronic non-traumatic failure or traumatic failure.

Two blinded independent observers measured the center 
of the femoral tunnel on lateral radiographs according to 
the quadrant method described by Bernard et al. [1]. The 
quadrant method has been independently validated in a 
study investigating ACL insertion sites location based on 
two-dimensional analysis [26]. The authors repeated the 
quadrant method in 36 cadaveric knees and found the loca-
tion of the ACL femoral footprint to not be significantly 
different from previously reported data using the same 
method [26]. The posterior–anterior (PA) dimension was 
defined as the total sagittal diameter of the lateral femo-
ral condyle measured along the Blumensaat’s line, and 
the proximal–distal (PD) dimension was the height of the 
intercondylar notch defined as the distance between the 
Blumensaat’s line and a tangent to the distal subchondral 
bone contour of the condyle parallel to the Blumensaat’s 
line. The center of the femoral tunnel was reported as a 
percentage of each dimension. The center of the normal 
anatomic footprint of the ACL was 25% of the PA dimen-
sion and 29% of the PD dimension [1]. Both of the two 
blinded independent observer measured femoral tunnel 
position on 10 randomly selected lateral radiographs and 
an intraclass correlation coefficient (ICC) for absolute 
agreement between raters was calculated to ensure inter-
observer reliability. Both observers repeated the same 
measurements a minimum of 3 months later to calculate 
intra-observer reliability (Table 2). The inter-rater reli-
ability (ICC: 0.87–0.88) and intra-rater reliability (ICC: 
0.60–0.90) were found to be consistent with previous stud-
ies [18]. Following this, the femoral tunnel position for all 
117 patients was measured and recorded.

Table 1  Demographic and graft distribution data for primary ACLR 
and revision ACL-R groups

Demographic data. Mean age, along with age range in years reported 
for men and women. Gender, laterality, and autograft usage reported 
as percent of total in each group. Mean BMI reported ± one standard 
deviation. Graft usage reported as the number of autografts of each 
type used followed by number of allograft used. Unknown grafts 
were grouped together. Bone-patella tendon-bone grafts abbreviated 
as “BPTB.”
n number, n.s non-significant

Primary Revision p value

Mean age at primary 
(years)

 Male 24.5 (14.3 – 50.6) 25.0 (13.7–39.8) n.s
 Female 29.3 (12.3 – 60.8) 21.4 (13.3–44.3)  < 0.05

Female (%) 37.9 37.8 n.s
Right knee (%) 50.0 44.1 n.s
Mean BMI 25.5 ± 4.5 25.8 ± 4.7 n.s
Autograft (%) 75.9 58.8 n.s
Autografts (n)
 Hamstring 14 16
 Quad tendon 14 3
 BPTB 12 11
 Semitendinosus 4 0

Allografts (n)
 Hamstring 0 2
 BPTB 0 4
 Tibialis Anterior 6 6
 Achilles 7 2

Unknown (n) 1 15

Table 2  Inter- and intra-observer reliability for femoral tunnel posi-
tion measurements

The ICC (95% confidence interval) for the two blinded independ-
ent observers measuring the femoral tunnel position was found to 
be excellent at 0.88 (0.53–0.97) for the PA dimension and 0.87 
(0.56–0.97) for the PD dimension. The intra-rater reliability (95% 
confidence interval) was 0.64 (0.10–0.89) in the PA dimension and 
0.90 (0.09–0.98) in the PD dimension for the first rater, and was 0.60 
(0.03–0.88) in the PA dimension and 0.69 (0.13–0.91) in the PD 
dimension for the second rater

Inter-rater reliability variable ICC 95% CI

 PA dimension 0.88 0.53–0.97
 PD dimension 0.87 0.56–0.97

Intra-rater reliability variable
 PA dimension (reviewer 1) 0.64 0.10–0.89
 PD dimension (reviewer 1) 0.90 0.09–0.98
 PA dimension (reviewer 2) 0.60 0.03–0.88
 PD dimension (reviewer 2) 0.69 0.13–0.91
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Statistical analysis

A student’s t test was performed to compare femoral tun-
nel position in each dimension, age, and BMI between 
individuals with intact ACL-R and those undergoing 
revision ACL-R. Fisher’s exact test was used to compare 
differences in gender, laterality, and autograft frequency. 
A multivariable logistic regression was calculated to pre-
dict revision status based on femoral tunnel placement in 
the PA and PD dimensions. Additionally, the interaction 
between the PA and PD dimension of each femoral tunnel 
was analyzed using the product of the deviation from the 
mean for each data point. Being in the primary group was 
coded as 0 and being in the revision group was coded as 1. 
A multivariate logistic regression was also performed on 
demographic and graft usage data on predictive ability for 
revision. Hamstring graft usage was the reference, against 
which all other grafts were compared. Sample size calcu-
lation was performed for independent study groups with 
continuous endpoints, using an alpha of 0.05 and a power 
of 80%. Using the exact mean and standard deviation of 
tunnel positions reported by Bernard et al., it was calcu-
lated that a sample of at least 32 patients was required to 
detect a difference between the primary and revised groups 
of at least one standard deviation (2.2% in PA dimension, 
2.5% in PD dimension) in either dimension. Significance 
was set at p < 0.05. A post hoc means-based two-tailed 
power analysis using the final sample size and alpha set to 
0.05 was performed. Post hoc power analysis demonstrated 
a power of 0.99 achieved for the PA dimension, as well as 
a power of 0.99 achieved for the PD dimension.

Results

Female patients who underwent revision were found to be 
significantly younger than females who did not (p < 0.05). 
There was no significant difference between autograft 
and allograft usage between the two groups. In the revi-
sion group, revision surgery ranged from 4 to 204 months 
after primary surgery, with a mean of 60.2 ± 50.5 months 
(median: 42 months). In the primary group, the mini-
mum follow-up period was 24 months with a mean of 
37.8 ± 15.6 months. Mechanism of failure data for those 
in the revision ACL-R group may be found in Table 3.

In the PA dimension, femoral tunnels were signifi-
cantly more anterior in those patients who underwent 
revision compared to those who did not (38% ± 11% vs. 
28% ± 6%, p < 0.01). Among patients who underwent revi-
sion, femoral tunnels were significantly more anterior in 
those who experienced non-traumatic chronic failure than 

those who experienced traumatic failure (41% ± 13% vs. 
35% ± 8%, p = 0.03). Femoral tunnel position between just 
those who experienced traumatic failure and those with 
intact ACL-R was significantly different (35% ± 8% vs. 
28% ± 6%, p < 0.01). Femoral tunnels that were 30% or 
more anterior, had an odds ratio for revision of 6 (95% CI 
3–12, p < 0.01), and tunnels that were 40% or more ante-
rior had an odds ratio for revision of 39 (95% CI 5–301, 
p < 0.01). Among those who underwent revision, femoral 
tunnels that were 37% or more anterior had an odds ratio 
for experiencing chronic non-traumatic failure of 3 (95% 
CI 1–9, p = 0.04). The average length of the femoral con-
dyle in the PA dimension was found to be 48 ± 5 mm. As 
the native footprint of the ACL is considered to be 25% in 
the PA dimension, a tunnel located 30% or more anterior 
corresponds to a tunnel placed approximately 3 mm or 
more anterior to the native ACL footprint.

In the PD dimension, femoral tunnels were significantly 
more proximal (high) in those patients who underwent 
revision compared with those who did not (30% ± 9% vs 
38% ± 9%, p < 0.01). Among those who underwent revision, 
there was no significant difference in PD dimension tun-
nel position between those who experienced non-traumatic 
chronic failure and those who experienced traumatic fail-
ure. Femoral tunnel PD position of 25% or less had an odds 
ratio for revision of 13 (95% CI 3–60, p < 0.01). The average 
height of the condyle in the PD dimension was 27 ± 3 mm. 
As the native footprint of the ACL is considered to be 29% in 
the PD dimension, a tunnel placed 25% or less corresponds 
to a tunnel that is placed approximately 1 mm higher than 
the native ACL footprint.

A multivariable logistic regression (Table 4) found that 
quadriceps tendon usage had an odds ratio for revision of 
0.11 (95% CI 0.03–0.46, p < 0.05). The other graft choices, 
as well as age, gender, and BMI, were not predictive of 
revision status. A multivariable logistic regression also 

Table 3  Mechanism of failure data for revision ACL-R group

Mechanism of failure data. Failure was broadly categorized as trau-
matic or non-traumatic. Traumatic mechanisms were further cat-
egorized by activity during failure. Non-traumatic failure included 
insidious onset and chronic instability. One patient had an unknown 
mechanism
n number, ACL-R anterior cruciate ligament reconstruction

Mechanism of failure Revision ACL-R
n (%)

Non-traumatic 27 (46)
Traumatic
 During sport 28 (47)
 Ground level fall 2 (3)
 Motorcycle accident 1 (2)

Unknown mechanism 1 (2)
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revealed that for each 1% decrease in PA dimension, there 
was a 0.84 decrease in odds of having a revision (Table 5). 
A decrease in the PA dimension correlates to less ante-
rior, and therefore closer to anatomic, tunnel placement. 
For each 1% decrease in PD dimension, there was a 1.10 
increase in odds of having a revision. A decrease in the 
PD dimension correlates to a more proximal (high), and 
therefore more vertically oriented graft, in the intercondy-
lar notch. The two coordinates were found to significantly 
predict the revision status independently.

Discussion

This study demonstrated that having undergone revision 
ACL-R was associated with significantly more anterior 
and proximal (high) femoral tunnel placement during pri-
mary ACL-R (Fig. 2). Patients who experienced non-trau-
matic failure were found to have significantly more ante-
rior femoral tunnel placement than those who experienced 
traumatic failure. Moreover, revision status was predicted 
by the tunnel placement in each dimension (PA and PD) 
independently. Based on the present data, surgeons less 
familiar with anatomic ACL-R technique might consider 
intra-operative use of fluoroscopy to guide femoral tunnel 
placement.

The differences in tunnel position between the groups 
were significant. These data may therefore help surgeons 
understand how to reduce a patient’s odds of revision 
ACL-R. In addition to increased risk of repeat graft fail-
ure, increased risk of failed meniscal repair, and increased 
incidence of chondral lesions, patients who undergo revi-
sion generally have significantly worse outcomes [15, 16, 
29, 30]. While some patients are able to return to sport, 
the return to sport is typically at a lower level than before 
the injury [10]. International Knee Documentation Com-
mittee (IKDC) objective scores also tend to be lower after 
revision ACL-R than after primary ACL-R [15].

Table 4  Ability of demographic and graft usage to predict revision 
status: multivariate logistic regression

Multivariate logistic regression was performed to assess the ability of 
demographic and graft usage data to predict revision status. The pri-
mary group was coded as 0 and the revision group was coded as 1. 
95% confidence intervals (CI) reported for all odds ratios. All grafts 
were compared against Hamstring grafts, which were coded as 0. 
Bone-patella tendon-bone grafts abbreviated as “BPTB.”
n.s non-significant

Variable Odds ratio 95% CI p value

Demographics
 Age 0.95 0.91–1.00 n.s
 Gender 0.66 0.26–1.67 n.s
 BMI 1.00 0.90–1.10 n.s

Graft usage
 Quad tendon 0.11 0.03–0.46  < 0.05
 BPTB 0.88 0.29–2.62 n.s
 Tibialis anterior 0.91 0.21–3.94 n.s
 Achilles 0.36 0.06–2.22 n.s
 Semitendinosus 0.00 0.00–N/A n.s
 Unknown 7.96 0.83–76.59 n.s

Table 5  Ability of change in femoral tunnel position to predict revi-
sion status: multivariate logistic regression

Multivariate logistic regression was performed to assess the ability 
of femoral tunnel placement in both the posterior-anterior (PA) and 
proximal–distal (PD) dimensions to predict revision status. For each 
1% decrease in PA dimension, there was a 0.84 decrease in odds of 
having had a revision ACL-R. For each 1% decrease in PD dimen-
sion, there was a 1.10 increase in odds of having had a revision ACL-
R. For each data point, the deviation from the mean value in each 
dimension was calculated. The product of these deviations, termed 
the “PA and PD interaction,” were used to predict revision status. 
Odds ratios reported as odds of revision related to decrease in one 
unit in each dimension. 95% confidence intervals (CI) reported for all 
odds ratios

Variable Odds ratio 95% CI p value

Decrease in PA Dimension 0.84 0.78–0.90  < 0.05
Decrease in PD Dimension 1.11 1.05–1.17  < 0.05
Decreased PA and PD Interaction 1.01 0.99–1.01 n.s

Fig. 2  Comparing primary femoral tunnel position between patients 
with intact primary and revised ACL reconstructions. A lateral radio-
graph of the knee. The overlaid grid represents the quadrant method 
established by Bernard et al. with the PA dimension measured along 
Blumensaat’s line and the PD dimension at a line perpendicular to 
Blumensaat’s line. Green circles represent femoral tunnel placement 
of patients in the primary group (n = 58), with the outlined green dia-
mond representing their average (28% of PA dimension, 38% of PD 
dimension). The red circles represent femoral tunnel placement of 
patients in the revision group (n = 59), with the outlined red diamond 
representing their average (38% of PA dimension, 30% of PD dimen-
sion)
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ACL rupture in general is a risk factor for early develop-
ment of OA, and ACL-R reduces but does not eliminate the 
risk [8, 23]. A systematic review of post-traumatic OA fol-
lowing ACL injury found that anatomic ACL-R was associ-
ated with less radiographic OA than non-anatomic ACL-R 
at long-term follow-up [23]. The data presented in this study 
may demonstrate that patients are at reduced odds of under-
going revision ACL-R when the femoral tunnels are placed 
less anteriorly and less proximally (high), which may also 
contribute to a decreased risk of post-traumatic OA.

Understanding why ACL reconstructions fail is a mul-
tifaceted issue, of which femoral tunnel position is but one 
variable. The MARS group broadly defined three modes of 
failure; traumatic, technical error, and biologic, with some 
failures overlapping between modes [13]. Of those failures 
with technical error, femoral tunnel malposition was reported 
in 80% of cases [16]. For an anatomic ACL-R, which has 
been described as the functional restoration of the ACL to its 
native dimensions, collagen orientation, and insertion sites, 
proper femoral tunnel position involves placement within the 
native ACL’s femoral insertion site [27]. Evaluation of the 
native femoral insertion site in routine post-operative plain 
films is possible, albeit complicated by individually variable 
bony morphology as well as the potential for radiographs to 
be captured off-axis [1]. The present study required lateral 
radiographs to have less than 6 mm of condylar offset, which 
may limit general clinical application of these results. The 
radiographic analysis suggests that femoral tunnels placed 
more than 30% of the PA dimension may have increased 
odds of failure from any modality. There was also, however, 
a significant difference in femoral tunnel position between 
those who experienced traumatic failure and those who 
experienced chronic non-traumatic failure. Patients who 
experienced non-traumatic failure had the most anterior 
tunnels centered at an average of 41% of the PA dimension. 
In comparison, patients who experienced traumatic failure 
had tunnels centered at average of 35% of the PA dimen-
sion (Fig. 3). These data suggest that there may potentially 
be a difference between anatomic tunnel placement, non-
anatomic placement, and semi-anatomic placement. Patients 
with femoral tunnels placed less than 30% of the PA dimen-
sion were found to have the lowest odds of requiring revision 
and may be considered “anatomic”. Patients with femoral 
tunnels more than 37% of the PA dimension have increased 
odds of experiencing chronic instability and non-traumatic 
failure and may be deemed “non-anatomic.” Patients with 
femoral tunnels placed between 30 and 37% are less likely 
to experience chronic instability, while statistically speak-
ing are at increased odds of experiencing traumatic failure 
with return to sport. Such tunnels may be defined as “semi-
anatomic.” It should be noted that while these differences 
were found to be statistically significant, it may be difficult to 
translate these results into surgical decision making. Given 

the average length of the condyle in the PA dimension, the 
difference between the proposed semi- and non-anatomic 
positions is only approximately 3 mm.

The results of the present study may reflect findings that 
has been shown in previous biomechanical studies in cadav-
eric knees. Knees with grafts placed anterior to the anatomic 
femoral footprint experienced more anterior tibial translation 
in response to both anterior tibial and combined rotatory 
loads than knees with anatomic reconstructions, particularly 
in lower levels of knee flexion [17]. Knees with grafts placed 
in a more proximal (high) femoral position experienced less 
rotational stability at lower levels of knee flexion than knees 
with less proximal femoral graft placement [21]. Clinically, 
these results have been demonstrated in a variety of studies 
[3, 7, 9]. Patients with residual pivot shift have also been 
found to have more proximal graft placement in addition to 
lower patient reported outcomes [9]. Moreover, a prospec-
tive randomized control trial of 281 patients demonstrated 
improved anteroposterior and rotational stability in anatomic 
reconstruction compared with conventional reconstruction 
at mid-term follow-up [3, 7].

Restoration of native knee kinematics, stability, and 
return to sport is a goal for many patients, and simple deci-
sion rules during ACL-R rehabilitation can significantly 
decrease rates of re-injury among these patients [4]. The 
data in this study also suggest that placement of the femoral 

Fig. 3  Comparing primary femoral tunnel position between patients 
with intact primary ACL reconstruction, patients with traumatic fail-
ure, and patients with non-traumatic Failure. A lateral radiograph of 
the knee. The overlaid grid represents the quadrant method estab-
lished by Bernard et al. with the PA dimension measured along Blu-
mensaat’s line and the PD dimension at a line perpendicular to Blu-
mensaat’s line. The outlined green diamond represents the average 
location of those patients with intact primary ACL-R (28% of PA 
dimension, 38% of PD dimension). The outlined orange diamond rep-
resents the average location of those patients who underwent revision 
ACL-R after traumatic failure (35% of PA dimension, 32% of PD 
dimension). The outlined red diamond represents the average location 
of those patients who underwent revision ACL-R after non-traumatic 
failure (41% of PA dimension, 28% PD dimension)
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tunnel less than 30% of the PA dimension may have some 
protective effect from traumatic re-injury. In the event of 
revision ACL-R, patients would not only be at risk for 
worse clinical outcomes and progression of knee OA, but 
also increased economic burden [10, 23]. Healthcare utili-
zation costs for ACL-R have been steadily increasing, with 
total healthcare utilization costs for revision ACL-R cost-
ing more than primary ACL-R ($16,238 vs $15,000 USD, 
respectively) [6]. There is evidence to suggest that patients 
may be less likely to require revision when primary ACL-R 
is performed at high-volume institutions [11, 12]. Moreo-
ver, patients of high-volume surgeons may be less likely to 
require subsequent knee surgeries of any kind in the year 
after ACL-R [12]. Several studies have demonstrated similar 
improved outcomes with total hip and total knee arthroplast-
ies from high-volume surgeons and hospitals [12, 22]. Given 
the significant functional and economic burdens associated 
with revision ACL-R, every effort should be made to achieve 
an anatomic reconstruction the first time.

There are several limitations to this study. The femoral 
tunnel position was the only technical aspect of the ACL-R 
considered in this study, and it was only evaluated on two-
dimensional plain films. Other technical factors such as tibial 
tunnel position and meniscal procedures were not consid-
ered. While one dimension of the tibial tunnel position may 
be evaluated on lateral plain films, computed tomography 
would have been needed for a more accurate assessment of 
tibial tunnel position, which was not available in this study. 
The retrospective nature of this study may introduce con-
founding factors and biases that may be easier to minimize in 
a prospective study. Due to screening methods, only individ-
uals who underwent revision ACL-R were included, which 
may have missed those who experienced graft failure but 
did not undergo revision surgery. Additionally, quadriceps 
tendon usage was significantly associated with not having 
undergone revision, indicating that the use of multiple graft 
types may have confounded the results. Moreover, allograft 
tissue was not used significantly more often in the revision 
group than in the primary group, despite the fact that allo-
graft tissue has been shown to be associated with revision 
in the past [19]. The differences in graft usage between the 
primary and revision groups may be due to the fact that all 
primary patients came from the same surgeon, while the 
revised patients were pooled from multiple surgeons. Includ-
ing multiple surgeons in the revision group allowed for a 
larger sample size, but introduced additional confounding 
variables. Variables such as reconstruction technique, sur-
geon experience and volume, and rehabilitation protocols 
have been shown to significantly impact the rates of ACL-R 
failure [4, 7, 11, 12]. Clinically, the results of the present 
study demonstrate that there may be a relationship between 
femoral tunnel position and mechanism of failure in patients 
who required revision ACL-R.

Conclusion

In this retrospective study of 58 patients with successful 
primary ACL-R, who were compared to 59 patients who 
had failed ACL-R, anterior and proximal (high) femoral 
tunnels for ACL-R were shown to be independent risk 
factors for ACL revision surgery. Moreover, patients who 
experienced non-traumatic failure had statistically signifi-
cantly more anterior femoral tunnel placement than those 
who experienced traumatic failure. In other words, place-
ment of an ACL graft into the anatomic footprint of the 
ACL may reduce the odds of revision ACL-R. As revision 
ACL-R is associated with patient- and economic burden, 
particular attention should be given to achieving an indi-
vidualized, anatomic, and value-based primary ACL-R.
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