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Higher Incidence of Complete Lateral Meniscal Root
Tears in Revision Compared With Primary Anterior

Cruciate Ligament Reconstruction

Brian J. Vial, M.D., Andrew B. Kohner, M.D., and Theodore B. Shybut, M.D.
Purpose: To evaluate the incidence of complete lateral meniscal posterior root tears (LMPRTs) repaired at revision as
compared with primary anterior cruciate ligament (ACL) reconstruction (PACLR) and to determine whether other de-
mographic or surgical characteristics were associated with LMPRTs needing repair. Methods: A chart review was per-
formed to identify the PACLR and revision ACL reconstruction (RACLR) cohorts. Demographic and surgical characteristics
were recorded. Cases with concurrent lateral meniscal posterior root repair were identified. Cases were classified as acute
(<5 months) or chronic (>5 months) based on the time from reported injury to surgery. Tunnel malposition in revision
cases was recorded if either tunnel or both tunnels were malpositioned on radiographs and magnetic resonance imaging.
Results: Data from 167 cases, 140 PACLR and 27 RACLR cases, were included. The cohorts had similar demographic
characteristics including age, sex, and lateral meniscal injury. The overall incidence of lateral meniscal root repair in ACL
reconstruction patients was 12.6% (21 of 167 patients). The incidence of LMPRT repair was 7.1% (10 of 140 patients) in
the PACLR cohort versus 40.7% (11 of 27 patients) in the RACLR cohort. The revision cohort was significantly more likely
to have a chronic injury (66.7% [18 of 27 patients] vs 31.4% [44 of 140 patients]). The most significant predictor of
concurrent lateral meniscal posterior root repair was RACLR versus PACLR for both univariate and multivariate logistic
regression analyses (c2 ¼ 20.603; P < .0001; odds ratio, 13.887; 95% confidence interval, 1.531-125.993). Analysis of
tunnel positions for the revision group revealed that PACLR tunnel malposition was a significant predictor of LMPRTs
(c2 ¼ 4.91, P ¼ .027). Conclusions: Complete LMPRTs warranting repair are encountered with a significantly greater
frequency at RACLR as compared with PACLR. The overall incidence of LMPRT repair at RACLR is high. In this cohort,
LMPRT repair in RACLR cases was associated with tunnel malposition of the PACLR. Level of Evidence: Level III,
retrospective cohort study.
he menisci are critical stabilizing structures in the
Tknee that become especially important in the
setting of anterior cruciate ligament (ACL)
deficiency.1-4 The lateral meniscus, particularly its
posterior root, is a secondary stabilizer to the pivot shift.
Musahl et al.5 showeddand Frank et al.3

confirmeddthat a lateral meniscectomy further desta-
bilized the ACL-deficient knee during a simulated
Joseph Barnhart Department of Orthopedic Surgery, Baylor
edicine, Houston, Texas, U.S.A.
rs report the following potential conflicts of interest or sources of
.S. is on the editorial board of Arthroscopy; is on the social
of the Arthroscopy Association of North America; is a committee
the American Orthopaedic Society for Sports Medicine and
cademy of Orthopaedic Surgeons; receives clinical trial research
Zimmer and Biomet; receives research support from Arthrex and
phew; is a consultant for DJO Surgical; and owns stock in
utside the submitted work. Full ICMJE author disclosure forms
e for this article online, as supplementary material.
le was a podium presentation (under the title “Incidence of
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pivot-shift maneuver. Recently, Shybut et al.6 showed
that disruption of the posterior root of the lateral
meniscus further destabilized ACL-deficient knees
during rotational loading.
Studies have shown that combined ACL and meniscal

injuries are common and frequently involve the pos-
terior horn of the lateral meniscus.7,8 Prior studies have
reported a 7% to 14% incidence of lateral meniscal
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Fig 1. (A) LaPrade type 3 root
tear (right knee). The arrow
points at the lateral meniscal
posterior root tear (LMPRT). (B)
Root repair performed during first
stage of 2-stage revision anterior
cruciate ligament reconstruction
(right knee). The arrow points at
the LMPRT repair using the
transtibial technique. (C) Healed
root repair seen during second
stage of revision anterior cruciate
ligament reconstruction (right
knee). The arrow points at the
healed LMPRT.
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posterior root tears (LMPRTs) with ACL ruptures.9-11

One study associated male sex and a contact mecha-
nism of injury with LMPRTs in patients with ACL
injury.12 These tears are frequently located within the
posterior horn at or near the meniscal root.9,10

Comparisons of associated intra-articular pathology
between revision ACL reconstruction (RACLR) and
primary ACL reconstruction (PACLR) are few. Borchers
et al.13 reported overall meniscal and chondral injury
rates in the MOON (Multicenter Orthopaedic Outcomes
Network) versus MARS (Multicenter ACL Revision
Study) cohorts. Mitchell et al.14 similarly characterized
associated lesions and radiographic findings in PACLR
versus RACLR cases. The purposes of this study were to
evaluate the incidence of complete LMPRTs repaired at
revision as compared with PACLR and to determine
whether other demographic or surgical characteristics
were associated with LMPRTs needing repair. It was
hypothesized that an increased incidence of lateral
meniscal root tears would be seen at RACLR compared
with PACLR and that other patient or surgical factors
may correlate with any observed difference in incidence.

Methods
This was a retrospective analysis of patients treated by

the senior author (T.B.S.). After institutional review
board approval was obtained (protocol H-41053), re-
cords for patients identified by Current Procedural
Terminology code 29888 between July 2013 and March
2018 were reviewed. The inclusion criteria for the study
were patients aged 18 years or older who underwent
PACLR or RACLR. Patients who underwent isolated
ACL repairs and single-bundle reconstructions for par-
tial tears were excluded. Additional exclusion criteria
were PACLR or RACLR in the setting of multi-
ligamentous knee injury, staged or concurrent osteot-
omy in association with ACL surgery, and patient age
younger than 18 years. The primary indication for ACL
reconstruction (ACLR) and RACLR was treatment of
functional knee instability during activity. The presence
of a concurrent repairable meniscal tear was a common
additional consideration.
Chronic ACL injury was defined as definitive treat-

ment occurring greater than 5 months after injury. This
definition was based on the American Academy of
Orthopaedic Surgeons ACL clinical practice guideline,
which recommends ACLR within 5 months of injury to
decrease the risk of secondary meniscal tears.15 The
presence of an LMPRT was recorded if a lateral
meniscal root repair was performed in conjunction with
PACLR or RACLR. The senior author’s technique for
meniscal root repair16,17 and his approach to RACLR18

have been previously described. Figure 1 shows a
LaPrade type 3 root tear, root repair performed during
the first stage of a 2-stage RACLR, and the healed repair
seen during the second-stage RACLR.



Table 1. Revision Graft Choice and Tunnel Position

Revision ACLR (n ¼ 27)

Graft type
Bone-tendon-bone autograft 8 (29.6)
Hamstring autograft 7 (25.9)
Quadriceps tendon autograft 0 (0.0)
Allograft 9 (33.3)
Unknown 3 (11.1)

Tunnel position
Acceptable 9 (33.3)
Malposition 18 (66.7)

NOTE. Data are presented as number (percentage).
ACLR, anterior cruciate ligament reconstruction.
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Demographic data (age at the time of injury and sex)
and surgical information (primary or revision recon-
struction, graft type, date of injury, date of surgery,
magnetic resonance imaging [MRI] findings, and find-
ings at the time of surgery, comprising medial meniscal
injury, lateral meniscal injury, articular cartilage le-
sions, and tunnel position or malposition) were recor-
ded. The senior author routinely meticulously inspects
and probes the meniscal roots during ACL surgery.
Lateral meniscal posterior root repair was performed if
a complete, unstable root or root-equivalent tear was
found at arthroscopy. In all such cases, transtibial repair
was performed (Fig 1).16 All complete LMPRTs
encountered during cases were repaired17; no complete
or unstable LMPRTs were treated with debridement or
partial meniscectomy. Other stable, partial, or longitu-
dinal tears that involved or were near the lateral
meniscal posterior root and were repaired with suture
through capsule, rasped and left in situ, or debrided
were recorded as lateral meniscal tears but were
excluded from the LMPRT groups in this study because
these tears did not warrant formal root repair. As is
routine practice, determinations about tunnel malpo-
sition and revision tunnel position for RACLR were
made at the time of planning revision surgery. For this
study, imaging was retrospectively reviewed by the
senior author, and tunnel malposition was recorded if
present. Prior studies have shown that appropriate
tunnel position can be assessed on imaging,19 but the
authors concede that interobserver agreement can be
variable.20 Of note, outside surgeons performed all but
1 of the PACLRs in the revision cohort.
The statistical significance of cohort characteristics

was tested using multivariate logistic regression to
identify risk factors for LMPRTs and calculate odds ra-
tios (ORs). The Pearson c2 test was used to perform
univariate testing and to analyze the contribution of
tunnel position to the incidence of LMPRTs in revision
cases. The level of significance, OR, and 95% confi-
dence interval were calculated for each variable.
Statistics were calculated using Microsoft Excel.
Results
We reviewed 186 charts for inclusion; 167 patients

met the inclusion criteria. The charts were divided into
140 in the primary cohort and 27 in the revision cohort.
In both cohorts, the mean age at the time of injury was
31 years, with the median skewing slightly younger in
the primary cohort, at 28 years versus 31 years in the
revision cohort. In both cohorts, men comprised more
than 59% of patients, roughly matching the de-
mographic characteristics of sports participants in the
United States. In terms of injury characteristics, the
revision cohort had a significantly higher incidence of
chronic injury than the primary cohort: 66.7% (18 of
27 patients) versus 31.4% (44 of 140 patients). The
overall incidence of lateral meniscal injury was higher
in the revision cohort, at 66.7% (18 of 27 patients)
versus 57.1% (80 of 140 patients) in the primary
cohort, but was not significantly different (P ¼ .36).
Primary surgery ACL graft type and tunnel position

rating for the revision group are listed in Table 1. The
most common pattern of tunnel malposition encoun-
tered was combined tibial and femoral tunnel malpo-
sition, with the femoral tunnel positioned toward the
roof of the notch rather than the lateral wall and the
tibial tunnel relatively posterior in the ACL tibial foot-
print. Of note, 3 patients (11% of the revision cohort)
required bone grafting of the prior tunnels and staged
ACL revision reconstruction for widened (�14 mm)
malpositioned tibial tunnels.
The overall incidence of lateral meniscal root repair in

ACLR patients was 12.6% (21 of 167 patients). The
incidence of LMPRT repair was 7.1% (10 of 140 pa-
tients) in the PACLR cohort versus 40.7% (11 of 27
patients) in the RACLR cohort. On univariate testing,
RACLR was significantly associated with LMPRTs (c2 ¼
20.603, P < .0001). The calculated OR showed that
RACLR was significantly associated with lateral
meniscal root injuries (OR, 13.887; 95% confidence
interval, 1.531-125.993). Analysis of the revision group
revealed an equal demographic distribution between
the group without LMPRTs and the group with
LMPRTs. Tunnel malposition was a significant predictor
of LMPRTs in the revision group (10 of 11 patients
[90.9%] with LMPRTs had malpositioned tunnels on
preoperative radiographs; c2 ¼ 4.91; P ¼ .027). A post
hoc power analysis was performed using the incidence
of LMPRTs found, along with the number of patients in
each cohort, which confirmed sufficient power (98%)
with an a value of .05.
Discussion
There are 2 important findings in this study: First,

LMPRTs requiring repair were significantly more
prevalent at revision as compared with PACLR. This
finding confirmed the study’s hypothesis. Second,
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LMPRTs in RACLR cases were associated with primary
ACL tunnel malposition in the study’s revision cohort.
Thus, these findings appear to fit with the contempo-
rary understanding of the biomechanical interplay be-
tween the lateral meniscal posterior root and the ACL.
The first major finding was that the rate of LMPRT

repair in RACLR cases was significantly greater than in
PACLR cases. The PACLR LMPRT repair incidence is
consistent with findings of prior studies, which have
reported 7% to 14% rates of lateral meniscal posterior
root injuries concurrent with ACL tears.9-11 However,
some of these were imaging-based studies and did not
differentiate partial lesions or stable tears that may not
need repair as compared with unstable, complete tears
that were repaired in our patients. A study by Ahn
et al.21 reported a 6.95% incidence of concomitant
LMPRTs that required repair at the time of ACLR.
The second major finding was that LMPRTs in revi-

sion ACL surgery were associated with primary ACL
tunnel malposition in this study’s revision cohort. A
prior study has shown that tunnel malposition leads to
an increased rate of cartilaginous and meniscal pa-
thology.22 It is possible that altered pivot-shift biome-
chanics in ACL-reconstructed knees with malpositioned
tunnels may be a factor in these root tears. Even though
ACLR techniques have evolved, technical failures,
albeit less obvious, still may occur.
These clinical data corroborate the concept that the

lateral root is a secondary stabilizer of the pivot shift,
particularly if one assumes that the revision ACL knees
in this study have a greater cumulative exposure to
pathologic pivot-shift loading. DePhillipo et al.23

recently reported the results of meniscal repairs per-
formed during staged RACLRs. Although their study
specifically looked at staged RACLRs, they also reported
an increased incidence of posterior lateral meniscal root
tears in the revision versus primary cohort (20.2% vs
12.2%), which is corroborated by the findings reported
in our study.
Recognizing LMPRT injuries prior to surgery is

important for both the patient and the surgeon. For the
patient, a meniscal root repair may significantly alter his
or her rehabilitation protocol because it generally en-
tails protected weight bearing during the early post-
operative weeks. In addition, medial posterior root tears
have been shown to be the equivalent of a total
meniscectomy, whereas repair can restore normal joint
biomechanics.24 Nonoperative management of medial
meniscal posterior root tears is associated with poor
long-term clinical outcomes; it is possible that similar
adverse effects occur when LMPRTs are not treated.25 A
recent biomechanical study showed the importance of
lateral meniscal posterior root repair in restoring native
biomechanics in the ACL-reconstructed knee.26 For the
surgeon, anticipating and/or recognizing this concur-
rent pathology promotes better preoperative patient
counseling and ensures that the necessary resources are
available for root repair at surgery. The sensitivity of
MRI for detecting LMPRTs is limited.27 Krych et al.28

reported that 67% of LMPRTs were missed on preop-
erative MRI. Previously, surgeons have reported that
many lateral meniscal tears in the region of the poste-
rior root are small, stable lesions, which are likely to
heal on their own after ACLR.29 It is important to
realize that classic studies supporting this approach
were undertaken in an era in which meniscal root le-
sions had not been characterized and understood as
such. In a 10-year follow-up study on LMPRTs treated
nonoperatively, Shelbourne et al.30 found mild lateral
joint space narrowing compared with the control
group, although there were no significant differences in
functional scores. On the basis of the results of our
study, the current clinical and biomechanical literature,
and the contemporary understanding of lateral menis-
cal posterior root and ACL kinematics, repair of com-
plete and/or unstable LMPRTs encountered during ACL
surgery is advocated.

Limitations
There were limitations to this study. The study was

retrospective. The patients comprised a single-surgeon
cohort, so determining the presence of LMPRTs that
necessitated repair was based on 1 surgeon’s practice.
However, this also ensured consistency of data collected
and surgical techniques. There is theoretically a po-
tential for bias in discovering LMPRTs in revision cases
owing to heightened vigilance, but the senior author
believes this is not the case because the suspicion for
LMPRTs in primary ACL cases is paramount; the lateral
root is routinely inspected for lesions because it is un-
derstood by the senior author to be at risk in all ACL-
injured knees. In addition, a surgeon with expertise in
RACLR may be more apt to discover and repair root
tears, but this notion also highlights the importance of
increasing awareness of this injury pattern.
Moreover, detailed data collection from preoperative

radiology studies was not performed. Furthermore,
outside surgeons performed all but 1 of the PACLRs in
the revision cohort. Therefore, it cannot be said with
certainty that the LMPRTs that were repaired in the
revision cohort were not missed during the index pro-
cedures. There was heterogeneity among the patients
regarding the timing of RACLR, although the data
suggest that chronicity did not appear to be a factor for
the incidence of LMPRTs. There was not sufficient po-
wer to sub-analyze the relative contributions of tibial
versus femoral versus combined tunnel malposition. As
noted previously, interobserver agreement on tunnel
position based on imaging varies significantly.20

Patient outcomes and follow-up were not formally
analyzed because the primary aim was to characterize
differences in revision versus primary ACL surgery. We
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recognize that presenting outcome data would poten-
tially enhance the impact of this study. Finally, the
study reports the incidence of lateral meniscal posterior
root repair. Repair in this series represented a 1:1 proxy
for complete root tears because they were all repaired,
but this may be a limitation when comparing our study
with other literature with more inclusive criteria that
include other patterns, such as longitudinal tears,
incomplete radial tears, stable root tears, or small flap
tears in the region of the root, or studies reporting tear
incidence identified on imaging alone.

Conclusions
Complete LMPRTs warranting repair are encountered

with a significantly greater frequency at RACLR as
compared with PACLR. The overall incidence of LMPRT
repair at RACLR is high. In this cohort, LMPRT repair in
RACLR cases was associated with tunnel malposition of
the PACLR.
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