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Abstract

Purpose The purpose of this study was to investigate the relationship between tunnel position in ACL reconstruction
(ACL-R) and postoperative meniscus tears.

Methods This was a single institution, case—control study of 170 patients status-post ACL-R (2010-2019) separated
into two matched groups (sex, age, BMI, graft type). Group 1—symptomatic, operative meniscus tears (both de novo
and recurrent) after ACL-R. Group 2—no postoperative meniscus tears. Femoral and tibial tunnel positions were
measured by 2 authors via lateral knee radiographs that were used to measure two ratios (a/t and b/h). Ratio a/t

was defined as distance from the tunnel center to dorsal most subchondral contour of the lateral femoral condyle

(a) divided by total sagittal diameter of the lateral condyle along Blumensaat’s line (t). The ratio b/h was defined as
distance between the tunnel and Blumensaat’s line (b) divided by maximum intercondylar notch height (h). Wilcoxon
sign-ranks paired test was used to compare measurements between groups (alpha set at p <0.05).

Results Group 1 had average follow up of 45 months and Group 2 had average follow up of 22 months. There were

no significant demographic differences between Groups 1 and 2. Group 1T—a/t was 32.0% (+ 10.2), which was signifi-
cantly more anterior than group 2, 29.3% (£ 7.3; p < 0.05). There was no difference in average femoral tunnel ratio b/h
or tibial tunnel placement between groups.

Conclusions A relationship exists between more anterior/less anatomic femoral tunnel position and the presence of
recurrent or de novo, operative meniscus tears after ACL-R. Surgeons performing ACL-R should strive for recreation of
native anatomy via proper tunnel placement to maximize postoperative outcomes.

Level of evidence Levellll.
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Background

The shift from isometric to anatomic anterior cruciate
ligament reconstruction (ACL-R) in the last two decades
is due to evidence that an anatomic strategy more closely
restores native knee kinematics [12, 13, 16]. Incorrect
femoral tunnel position has been reported as the most
common cause of technical graft failure [8, 10, 14, 17]. A
recent study demonstrated anterior femoral tunnel place-
ment increased the risk of ACL graft failure compared
to posterior femoral tunnel placement [5]. A separate
study found anterior femoral and tibial tunnel placement
increased the risk for graft impingement, which may be
associated with decreased patient reported outcomes,
graft degeneration, and re-rupture [21].

Integrity of the ACL is considered a prerequisite for
meniscal repair—it has been demonstrated that insuf-
ficient reconstruction with residual rotation and antero-
posterior laxity after ACL-R significantly increases the
risk of subsequent de novo or recurrent meniscus tear [6,
19]. Thus, it appears that proper functioning of the ACL
and the survival of the menisci are interrelated. However,
a paucity of data exists regarding directly investigating
the relationship between anatomic restoration of femoral
and tibial tunnel positioning during ACL-R and the inci-
dence of subsequent meniscus tears postoperatively.

The aim of the present study was to investigate whether
or not more anatomic femoral or tibial tunnel posi-
tion was correlated with the incidence of postoperative
meniscus tears. It was hypothesized that relatively non-
anatomic position of the femoral and tibial tunnels would
be associated with increased incidence of subsequent
symptomatic, operative meniscus tears following ACL-
R. Our rationale behind this hypothetical association was
the conjecture that a relatively non-anatomic positioned
ACL graft may inadequately restore the protective role
that the ACL plays on the menisci via antero-posterior
and rotatory constraint of the tibiofemoral joint.

Material and methods

Inclusion/Exclusion

An Institutional Review Board (STUDY1903019)-
approved retrospective chart review was performed
using patients who had undergone ACL-R, with or with-
out concurrent meniscus repair, between 2010 and 2019
at one institution. A search of the electronic medical
record from 2010 to 2019 identified 1373 primary ACL-R
procedures, which were initially reviewed for possible
inclusion (Fig. 1). Inclusion criteria consisted of patients
with adequate postoperative imaging, who had under-
gone an ACL-R with or without concurrent meniscus
repair. Lateral knee radiographs were deemed adequate if
they had <6 mm of overlap between the posterior halves
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of the medial and lateral condyles as previously defined
[18]. Patients were then excluded for inadequate imaging,
double-bundle ACL-R, over the top ACL-R, single bun-
dle ACL-R augmentation, multi-ligamentous injury, con-
comitant cartilage restoration surgery, or if their initial
surgery constituted a revision ACL-R.

For included patients, all ACL-R surgeries were per-
formed by one of five sports fellowship-trained ortho-
paedic surgeons at the same institution. All patients were
initially seen in clinic and identified as having an opera-
tive ACL tear via Magnetic Resonance Imaging (MRI).
MRIs were also reviewed for the presence of any con-
comitant meniscus injury or other ligamentous injury
concurrent with ACL tear. Graft selection was based
on surgeon preference after discussions with individual
patients. All patients performed similar postoperative
rehabilitation protocols, per the standards of practice
at our institution. Patients were seen at similar intervals
postoperatively. Postoperative anteroposterior (AP) and
lateral x-rays of the operative knee were performed on all
patients. Postoperative MRI imaging was only performed
if there was concern for graft failure or other re-injury.

Matching

A total of 468 patients met initial inclusion and exclusion
criteria, of which 85 patients had postoperative menis-
cus tears and 383 patients did not have a postoperative
meniscus tear. The 85 patients with postoperative menis-
cus tears were then matched to 85 patients (N=170)
based on age (within 3 years), sex, body mass index
(BMI) (mean difference 4.4), graft type (allograft versus
autograft), and preoperative tear morphology out of the
remaining 383 patients in a consecutive manner. These
170 patients were separated into two groups. Group 1
was composed of patients who had a confirmed operative
recurrent or de novo meniscus tear that presented during
follow-up after ACL-R. MRI and subsequent arthroscopy
were used to verify whether tears identified during fol-
low-up were recurrent or de novo. Recurrent tears were
defined as being of the same laterality and morphology
as the original meniscus tear identified and repaired at
index ACL-R. De novo tears were defined as of different
laterality and/or of different morphology as the original
meniscus tear identified and repaired at index ACL-R.
Group 2 was composed of a matched cohort of patients
who did not present after ACL-R with symptomatic
meniscus tears status-post ACL-R. Demographic data
as well as meniscus tear details were collected for each
group. Information included age, BMI, presence/lateral-
ity/morphology of concurrent meniscus tear at time of
ACL-R, and presence/laterality/morphology of recurrent
or de novo tears identified during follow-up after ACL-R.
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performed (n= 298 not included)

l * 1:1 consecutive matching

Postoperative meniscus tear
Y (n= 85)

No postoperative meniscus
tear (n= 85)

Fig. 1 Flowchart of Inclusion and Exclusion Criteria. ACL-R: anterior cruciate ligament reconstruction

Imaging analysis

For both groups, all femoral and tibial tunnel posi-
tions were measured by two blinded reviewers using the
method described by Bernard et al. [3] (Fig. 2) and Staubli
et al. [22]. The measurements were performed by two
fellowship-trained orthopaedic surgeons. On the femo-
ral side, this method involves establishing a center point
(k) of the femoral insertion of the ACL by measuring the
anterior, posterior, proximal, and distal most borders
of the femoral ACL insertion on a perfect lateral radio-
graph of the knee. After k is established, four distances
are measured on the lateral radiograph. These distances
include: t, defined as the total sagittal diameter of the
lateral condyle measured along Blumensaat’s line; h, the
maximum intercondylar notch height, and a, the distance
of point k from the most dorsal subchondral contour of
the lateral femoral condyle, and b, which is the distance
of point k from Blumensaat’s line. These measurements
were obtained for each patient and compared to Ber-
nard et al’s recommendations to assess the adequacy of

anatomic positioning of the femoral ACL insertion after
ACL-R. Bernard et al. report that the average anatomic
position of the femoral insertion of the ACL with respect
to the total sagittal diameter of the lateral femoral con-
dyle, represented by the ratio a/t, as 24.8%, and that the
average anatomic position of the femoral insertion of the
ACL with respect to the notch height, represented by the
ratio b/h, as 28.8% [3]. Tibial tunnel placement for each
patient was determined on the same lateral radiographs
by measuring the mid-sagittal tibial diameter and the
center of the tibial attachment area of the ACL from the
anterior tibial margin. The center of the tibial attachment
was reported as a percentage of the anterior to posterior
width. A prior study has determined the normal center of
the anatomic footprint to be 43% the anterior to poste-
rior width of the tibia [22].

Statistical analysis
Continuous variables for each group were com-
pared using Students t-tests. Categorical data was
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Fig. 2 lllustration depicting the Bernard quadrant method used for radiographic measurements. Center point (K) of the center of the femoral
tunnel. The other distances include: t, defined as the total sagittal diameter of the lateral condyle measured along Blumensaat’s line; h, the
maximum intercondylar notch height, and a, the distance of point K from the most dorsal subchondral contour of the lateral femoral condyle, and

b, which is the distance of point K from Blumensaat’s line

compared using Fisher’s test with a contingency table.
A p-value<0.05 was deemed statistically significant. A
Wilcoxon sign-ranks paired test was used to compare
post-operative femoral tunnel position measurements
between groups and against averages reported by Ber-
nard et al. [3]. Finally, an intraclass correlation coefficient
(ICC) was calculated for the measurements produced by
the authors using R statistics software. The inter-rater
reliability (ICC: 0.87—0.88) and intra-rater reliability
(ICC: 0.60—0.90) on the femoral side were found to be
good to excellent. The inter-rater reliability (ICC: 0.78)
and intra-rater reliability (ICC: 0.58 — 0.87) on the tibial
side were also found to be good to excellent.

A sample size calculation was performed for independ-
ent study groups with continuous endpoints. For this
calculation, alpha was set at 0.05 and power was set at
80%. A required sample size of 32 patients per group was
required to detect a difference between the group with a
diagnosed meniscus tear during follow-up and the group
without a diagnosed meniscus tear during follow-up of at
least one standard deviation in either dimension. Stand-
ard deviation was defined as 2.2% in the posteroanterior
(PA) dimension and 2.5% in the proximal-distal (PD)
dimension.

Results

Demographics

Group 1 and Group 2 were both composed of 85 patients
each. Group 1 was demographically similar to Group 2 in

terms of age, sex, average BMI, and laterality/morphol-
ogy of meniscus tears at time of index ACL-R (Table 1). In
contrast, Group 2 had significantly more meniscus tears
at index ACL-R compared to Group 1 (Group 1: 60/85
(70.6%) patients versus Group 2: 75/85 (88%) patients
with a meniscus tear at index ACL-R, p<0.05). The per-
centage of meniscus tears repaired at the time of index
ACL-R was similar between groups (Group 1: 53/60 (83%)
versus Group 2: 70/75 (93.3%) meniscus tears repaired at
ACL-R, n.s). Group 1 had average follow up of 45 months
and Group 2 had average follow up of 24 months.

All patients in Group 1 experienced symptomatic,
operative meniscus tears during follow-up (85/85, 100%).
Meniscus tears identified during follow-up (Group 1)
consisted of 27/85 (32%) recurrent tears, 48/85 (56%) de
novo tears, and 10/85 (12%) concomitant existence of
both a recurrent and a de novo tear (Table 2).

Graft type was similar between groups (Group 1: allo-
graft: 14/85 (16%), autograft: 71/85 (84%) versus Group 2:
allograft: 14/85 (16%), autograft: 71/85 (84%), n.s). Graft
material used in patients treated with both allograft and
autograft was similar between groups (Table 1).

Femoral tunnel position

Group 1 patients had average femoral tunnel position (a/t)
of 32.0% (£ 10.2) and average femoral tunnel position (b/h)
of 32.7% (+10.7). In contrast, Group 2 had average femo-
ral tunnel position (a/t) of 29.3% (+7.3) and average fem-
oral tunnel position (b/h) was 35.1% (+28.3) (Fig. 3). The
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Table 1 Demographics table and p-values
Group 1 Group 2 p-value
Demographics Age 25.7 +4.04 258+4.03 n.s
Sex 44F 41 M n.s
BMI 18.1 20.0 n.s
Graft Type Allograft 14/85 (16%) 14/85 (16%) n.s
Autograft 71/85 (84%) 71/85 (84%)
Graft Material (Allograft) Hamstring 5/14 (36%) 2/14 (14%) n.s
Patella bone-tendon-bone 1/14 (7%) 2/14 (14%)
Achilles 2/14( 4%) 1/14 (7%)
Anterior Tibialis 4 (43%) 9/14 (64%)
Graft Material (Autograft) Hamstring 36/71 (51%) 29/71 (41%) ns
Patella bone-tendon-bone 24/71 (34%) 30/71 (42%)
Quadriceps 11/71 (15%) 12/71 (17%)
Meniscus Tear Timing Meniscus tear at time of ACL-R 60/85 (71%) 75/85(88%) p<0.05
No meniscus tear at time of ACL-R 15/85 (29%) 10/85 (12%)
Meniscus tear repaired at time of ACL-R 53/60 (88%) 70/75(93%) n.s
Recurrent or de novo tear within follow-up period ~ 85/85 (100%)  0/85 (0%) p<0.05
Meniscus Tear Laterality at time of ACL-R Medial 27/60 (45%) 37/70 (53%) n.s
Lateral 18/60 (30%) 23/70 (33%)
Bilateral 15/60 (25%) 15/70 (21%)
Meniscus Tear Morphology at time of ACL-R (medial)  Radial 9/42 (21%) 13/52 (25%) ns
Bucket Handle 7/42 (17%) 12/52 (23%)
Oblique/Parrot Beak 2/42 (5%) 0/52 (0%)
Complex 0/42 (0%) 2/52 (4%)
Longitudinal 11/42 (26%) 11/52 (21%)
Horizontal 1/42 (2%) 1/52 (2%)
Root 1/42 (2%) 2/52 (2%)
Vertical 11/42 (26%) 11/52 (21%)
Meniscus Tear Morphology at time of ACL-R (lateral) Radial 11/33 (33%) 15/39(38%) ns
Bucket Handle 2/33 (6%) 4/39 (10%)
Obligue/Parrot Beak 4/33 (12%) 2/39 (5%)
Complex 3/33 (9%) 3/39 (8%)
Longitudinal 3/33 (9%) 1/39 (3%)
Horizontal 0/33 (0%) 1/39 (3%)
Root 6/33 (18%) 4/39 (10%)
Vertical 4/33 (12%) 9/39 (23%)

Table detailing the demographic and perioperative differences between the patients with symptomatic, operative meniscus tears during the follow-up period status-
post ACL-R (Group 1) and patients without symptomatic, operative meniscus tears during the follow-up period status-post ACL-R (Group 2). n.s: not significant,
p>0.05; BMI Body mass index, F Female, M Male, ACL-R Anterior cruciate ligament reconstruction

Table 2 Meniscus tears during follow-up period

Group 1

Operative tear within follow-up Recurrent tear 27/85 (32%)

period
De Novo tear
Both

48/85 (56%)
10/85 (12%)

Table detailing the type (de novo versus recurrent) of meniscus tears incurred
during the follow-up period status-post ACL-R (Group 1). Recurrent tears were
of the same laterality and of similar morphology to tears repaired at index
ACL-R. De novo tears were of different laterality or different morphology to tears
repaired at index ACL-R

average (a/t) ratio for femoral tunnel position for Group 2
was significantly closer to Bernard et al’s recommendation
(p<0.05). This indicates that Group 2 ACL femoral tunnels
were, on average, more anatomic with respect to total sag-
ittal diameter of the lateral femoral condyle.

Tibial tunnel position

Group 1 patients had average tibial tunnel position of
41.5% (+5.3) and Group 2 had average tibial tunnel posi-
tion of 41.6% (+5.7) (n.s).
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Fig. 3 lllustration depicting the average femoral tunnel positions of Group 1 compared to Group 2

Discussion

Relatively more anterior femoral tunnel placement in
ACL-R is associated with increased incidence of menis-
cal tears during postoperative follow-up. In contrast,
patients without meniscus tears identified during fol-
low-up, had average (a/t) ratio for femoral tunnel posi-
tion that was more posterior and significantly closer to
Bernard et al’s recommendations compared to patients
who experienced operative meniscus tears during follow-
up. This is particularly striking given that the group of
patients who did not experience a meniscus tear during
follow-up had a significantly higher burden of meniscus
tears identified at index ACL-R compared to patients
who did experience a postoperative meniscus tear.

The ACL femoral tunnel in patients without meniscus
tears identified after their index ACL-R was closer to
Bernard et al’'s recommendations with respect to the total
sagittal diameter of the lateral femoral condyle compared
to patients who experienced an operative meniscus tear
after their index ACL-R. Prior studies have emphasized
the importance of anatomic femoral tunnel positioning
in ACL-R in terms of restoring native knee kinematics
and minimizing risk of both post-traumatic osteoarthri-
tis (OA), ACL-R failure, and chondral and meniscus inju-
ries [1, 5, 7, 9, 11, 15, 20]. In light of this, it is possible
that patients who experienced a meniscus tear after their
index ACL-R may have experienced increased rotatory
knee instability secondary to a statistically significantly
more vertical graft, which may have increased risk for
postoperative meniscus tear. In contrast, however, the
tibial tunnel position did not differ between patients with

meniscus tears versus those without meniscus tears iden-
tified after their index ACL-R. This is contrary to a recent
work that noted a significant association between more
anterior placement of the tibial tunnel and increased
anterior knee stability [4]. Further, prospective studies
are warranted to evaluate this discrepancy in more detail.

The findings of this study suggest a higher risk of sub-
sequent meniscus tears when the femoral tunnel is placed
more anterior and superior to the anatomical location.
Patients with meniscus tears identified during follow-
up were shown to have statistically significant differ-
ences in their tunnel position in the (a/t) dimension. It is
well-established that ACL rupture is a general risk factor
for early development of OA and that ACL-R does not
eradicate this risk [2, 20]. However, Rothrauff et al. dem-
onstrate that anatomic ACL-R was associated with less
development of posttraumatic radiographic OA when
compared to non-anatomic ACL-R at long term follow
up [20]. The data in our study support that non-anatomic
ACL-R femoral position contributes to post-operative
meniscus tears thereby potentially increasing the risk
of the development of posttraumatic OA. However, it is
worth noting that the difference in absolute sagittal posi-
tion of the femoral tunnel was only 3% and was meas-
ured with radiographs rather than CT in patients with
versus those without postoperative meniscus tears. Due
to the retrospective nature of this work, it is difficult to
speculate on whether or not this finding has clinical sig-
nificance. CT scans are not routinely obtained postopera-
tively, which adds further limitations to this retrospective
study. While this difference is small, it does highlight the
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important of precise tunnel position in order to poten-
tially improve postoperative outcomes.

Femoral tunnel position is a known risk factor for fail-
ure of ACL-R, and has been previously cited as a cause in
up to 80% of ACL-R failures [17]. Anatomic ACL-R has
been described as the functional restoration of the ACL to
its native dimensions, collagen orientation, and insertion
sites [23]. The findings from the present study are largely
in support of these previous data and demonstrate a sig-
nificant inverse relationship between increasing relative
anatomic restoration of the ACL femoral tunnel position
with respect to the sagittal diameter of the lateral femoral
condyle, and the presence of postoperative meniscus tear.

Limitations of this study include a relatively small sample
size and relatively short postoperative follow-up. These fac-
tors were largely due to the matched cohort study design
and the retrospective nature of this study, which also itself
introduces bias. Future work to further examine the effect
of femoral tunnel placement during ACL-R on postopera-
tive meniscus tear would benefit from a prospective design.
This would facilitate larger sample size with longer follow-
up compared to standard postoperative care after ACL-
R. Additionally, prospective work may include the use of
computed tomography (CT) for tunnel measurements,
rather than X-ray, which may allow for increased accuracy
of tunnel measurement and increased ICC. Prospective
work may also include the use of quantitative knee stability
testing including KT-1000, as well as physical exam stability
testing such as Lachman and pivot-shift testing in order to
correlate postoperative meniscus tears with both rotatory
knee instability as well as tunnel position.

Conclusion

This study concludes that there is a relationship between
the relative restoration of native anatomy during femoral
tunnel creation and the presence of operative meniscus
tears after ACL-R. Based on the data from this study, a
more anterior femoral tunnel placement may increase the
risk of operative meniscus tears after ACL-R. Therefore,
anatomic femoral tunnel position is important both to
preserve the reconstructed ACL and also potentially to
decrease the risk of postoperative meniscus tears. Fur-
ther, likely prospective, work is needed in order to both
quantitatively assess rotatory knee instability and more
accurately assess tunnel position via CT in patients with
postoperative meniscus tears after ACL-R.

Abbreviations
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PD Proximal-distal

OA Osteoarthritis

cT Computed tomography

M Male

F Female
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