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Abstract

Purpose The menisci are known to be important sec-
ondary constraints to anterior translation of the tibia in the
ACL-deficient knee. The effect of meniscal loss on knee
stability as measured by the magnitude of the pivot shift
following ACL reconstruction is unknown. The objective
of this investigation was to determine the effect of men-
iscectomy on knee stability following two single-bundle
ACL reconstruction strategies.

Materials and Methods A mechanized pivot shift was
performed on cadaveric specimens in the ACL-intact and
ACL-deficient state. Tibiofemoral translation was recorded
using a surgical navigation system. The ACL was recon-
structed utilizing a nonanatomic graft (n = 10) extending
from the posterolateral tibial footprint to the anteromedial
femoral footprint, or an anatomic anteromedial single-
bundle graft extending from the anteromedial tibial foot-
print to the anteromedial femoral footprint (n = 10) and
testing repeated. The medial or lateral meniscus was sec-
tioned and the examination repeated. The other meniscus
was sectioned and the examination subsequently repeated.

The investigation was carried out in the Computer Assisted Surgery
Laboratory at Hospital for Special Surgery, New York, NY.
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Results Lateral compartment translation during the pivot
shift was significantly reduced following anatomic ACL
reconstruction. In the nonanatomic group, lateral com-
partment translation increased by 9.1 mm (P < 0.001) after
unicomparmental meniscectomy and 11.5 mm (P < 0.001)
after bicompartmental meniscectomy. In the anatomic
reconstruction group, lateral compartment translation
increased by 7.6 mm (P < 0.001) after bicompartmental
meniscectomy.

Conclusion With isolated ACL injury, anatomic single-
bundle ACL reconstruction controlled the pivot shift dur-
ing time zero testing. However, significant increases in
lateral compartment translation during the pivot shift are
seen following bicompartmental meniscectomy. Nonana-
tomic ACL reconstruction was less effective in controlling
the pivot shift at time zero testing, and significant increases
in lateral compartment translation during the pivot shift
were seen following both unicomparmental and bicom-
partmental meniscectomy.

Keywords ACL - Meniscectomy - Anatomic -
Pivot shift - Biomechanics - Navigation

Introduction

Meniscal injury following ACL reconstruction is a com-
mon clinical scenario [17]. In a recent epidemiologic study
by Lyman et al., meniscectomy was cited as one of the
most common surgical procedures performed in the first
year following ACL reconstruction [18]. It is widely
accepted that the medial meniscus, and to a lesser degree
the lateral meniscus, plays an important role as secondary
restraints to anterior tibial translation in the ACL-deficient
knee [1, 8, 15, 16]. Accordingly, meniscal preservation has
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the theoretical advantage of limiting anterior translation
following ACL reconstruction. However, the effect of
subsequent meniscal loss on knee stability and rotational
kinematics following ACL reconstruction is not well
described.

In a cadaveric study, Papageorgiou et al. [22] demon-
strated that medial meniscectomy following single-bundle
ACL reconstruction resulted in a significant increase in in
situ graft forces; however, anterior tibial translation was
unaffected. Conversely, Seon et al. [24] found that single-
bundle ACL reconstruction following subtotal medial
meniscectomy significantly reduced anterior tibial transla-
tion at all flexion angles in the meniscus-deficient knee.
However, this reconstruction strategy did not restore knee
kinematics to the intact state. In a more recent investiga-
tion, Bedi et al. [3] demonstrated that, in a knee with sig-
nificant meniscal injury resulting in a high-grade pivot
shift, double-bundle ACL reconstruction may better restore
knee kinematics.

The aforementioned studies have yielded conflicting
conclusions regarding the effect of meniscectomy on sta-
bility of the ACL-reconstructed knee. Moreover, there is a
paucity of data in the current literature on the effect of
meniscal loss on dynamic measures of knee stability such
as the pivot shift. The pivot shift involves a pathologic,
multiplanar motion path elicited by a combined axial and
valgus load applied to the knee as it is brought from
extension into flexion [2]. The presence of a pivot shift in
the setting of ACL-insufficiency has been correlated with
subjective instability, failure to return to previous level of
play, poor outcome scores, and future arthrosis of the knee
[12]. We have developed a mechanized pivot shift device
to standardize this complex examination maneuver and
have previously reported on the reproducibility of this
technique in measuring translation of the medial, central,
and lateral compartments of the knee during the pivot shift
examination [6, 21].

To our knowledge, there is no data on the effects of
meniscectomy on the pivot shift examination following
single-bundle ACL reconstruction. The purpose of this
investigation was to determine the effects of lateral and
medial meniscectomy on knee stability following single-
bundle ACL reconstruction as measured by the kinematics
of a navigated Lachman and pivot shift examination. We
hypothesized that a single bundle placed in an “anatomic”
position (a graft that courses from the anteromedial foot-
print of the tibia to the anteromedial footprint of the femur)
would better control the Lachman and the pivot shift tests
than a “nonanatomic” or “mismatch” graft (a graft that
courses from the posterolateral footprint of the tibial to the
anteromedial footprint of the femur) in this mensical loss
model.

Materials and methods

Five fresh frozen cadaveric hip-to-toe lower extremity
specimens (10 knees) were utilized for this study (mean
age 62 years, range 57-70). Specimens were thawed for
48 h at room temperature prior to testing, to ensure full
mobility of the hip and knee joints. Specimens were stored
in a cold room overnight, and the contralateral extremity
was tested the following day. During the testing procedure,
room temperature was consistently kept at 22°C. Speci-
mens were placed supine on an operating room table,
allowing for a free unrestricted range of motion at the hip
and knee. Physical examination was carried out, a medial
parapatellar arthrotomy of the knee was performed, and
specimens were examined for alignment, deformities, lig-
amentous integrity, as well as the for absence of significant
meniscal and articular cartilage lesions. Only specimens
without major deformities; without previous meniscus
surgery; and without gross osteoarthritis, were tested in
this study.

The PraximSurgetics surgical navigation system (Prax-
imMedivision, Grenoble, France) with dedicated ACL
software was used for kinematic data acquisition. Rigid
bodies were fixed to Steinman pins that were drilled in the
distal femur and proximal tibia. A rigid array was fixed to
Steinman pins in the distal femur and proximal tibia, and
reflective markers were traced by an infrared camera as
previously described [5, 7]. Surface landmarks were
recorded, intraarticular surface geometry was mapped, and
a three-dimensional (3D) model of the knee was created
[25]. The knee was cycled from full extension to 90° of
flexion with a proximally directed axial force to keep the
tibial and femoral condyles in contact, at all flexion posi-
tions. This represented the passive reference path from
which the deviation was measured during each pivot shift
examination. The accuracy of this system has been dem-
onstrated to be 1 mm/1 degree [10, 11].

Instrumented laxity testing consisted of a Lachman test
and pivot shift test. A 68-N Lachman test was performed
with a tensiometer attached to a 6.5-mm screw in the
anterior tibia. Optical tracking of joint position allowed for
consistent testing at 30° of knee flexion. Anterior knee
translation was recorded by the navigation system during
the instrumented Lachman examination. This testing pro-
tocol has been shown to demonstrate repeatability when
compared with a robotic manipulator [23].

A standardized mechanized pivot shift maneuver was
performed as previously described [6, 21] (Fig. 1). During
the mechanized pivot shift, the navigation system recorded
the 3D motion path of a tracked point at the center of the
tibia, center of the medial tibial plateau, and center of the
lateral tibial plateau. Motion of these points was analyzed
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throughout a given motion path with respect to a tracked
central point in the notch of the femur. ACL-specific
software allowed for the comparison of the motion path
during the pivot shift with the reference motion path of
flexion—extension [7, 14]. The navigation software is a
dedicated ACL program that allows for navigated guidance
of tunnel positioning as well as for the tracking and
quantification of knee kinematics during a stability exam-
ination. In the medial and lateral compartments, maximum
tibial translation during the pivot shift maneuver was
reported as the difference between reference motion path
and pivot shift motion path. The primary advantage of this
navigation system is the ability to analyze kinematics
during a dynamic stability test rather than a “simulated
pivot shift”. The utilization of a surgical navigation system
during clinical laxity examinations has been shown to be
reliable and repeatable. The high intraclass correlation
coefficients were recorded for the surgical navigation sys-
tem in comparison with a robotic manipulator (ICC 0.998)
[23].

For each cadaver specimen, one knee was randomly
assigned to either medial or lateral unicompartmental
meniscectomy, followed by bicompartmental meniscec-
tomy. The testing protocol consisted of instrumented
Lachman and mechanized pivot shift evaluation in the (1)
intact state, (2) after complete ACL transection, (3) after
ACL reconstruction, (4) after ACL reconstruction and
unicompartmental meniscectomy, and (5) subsequent bi-
compartmental meniscectomy. The testing protocol is
demonstrated in Fig. 2.

The ACL was transected by carefully dissecting the
synovial sheath from the ACL at 90° of flexion and dis-
secting the tissue between the ACL and PCL. The femoral

I

Fig. 1 Right knee secured in the mechanized pivot shift device. The
leg holder holds the leg and suspends the proximal tibia. There is no
thigh support allowing the femur to subluxate posteriorly. A bolster is
mounted laterally to accentuate the valgus moment across the knee
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Testing Protocol Used for Each Knee

reconstruction, and meniscectomy
Intact Knee 68 N Lachman
¥ Mechnized pivot shift
ACL Resection
¥

ACL Reconstruction (Non-anatomic vs.
Anteromedial)

¥

Unicompartmental Meniscectomy
¥

Bicompartmental Mensicectomy

Fig. 2 Experimental protocol and order of sectioning. The order of
meniscectomy (medial vs. lateral) and the method of ACL recon-
struction (nonanatomic vs. anteromedial) were randomized. Two
loading conditions were applied (68 N Lachman and pivot shift test)

insertion of the ACL was dissected off of the femoral wall
using a number 15 blade with the knee at 120° flexion. The
stump was then retracted anteriorly, and the tibial insertion
was resected off of the tibia.

Hamstring grafts were utilized for single-bundle ACL
reconstruction. A quadrupled gracilis-semitendinosus ten-
don (diameter 7-8 mm) was used for all of the single-
bundle reconstructions. The tunnel positions in this study
were anatomically based and not according to conventional
surgical tunnel placement reference systems (o’clock
positions). For the NA-ACLR reconstruction (nonana-
tomic), a size appropriate tunnel was drilled in the center of
the posterolateral ACL footprint of the tibia using an ACL
tibial aiming device (Arthrex, Naples, FL). A femoral
tunnel was drilled in the center of the anteromedial femoral
ACL footprint by flexing the knee and drilling through the
open arthrotomy. For the AM-ACLR reconstruction (ana-
tomic), a size appropriate tunnel was drilled in the center of
the anteromedial ACL footprint of the tibia using the ACL
tibial aiming device. A femoral tunnel was drilled in the
center of the anteromedial femoral ACL footprint.

The grafts were passed in standard fashion. On the
femoral side, a continuous loop Endobutton (Endobutton
CL, Smith and Nephew, Andover, Massachusetts) was used
to achieve fixation. Prior to final fixation of the grafts on
the tibia, the knee was cycled ten times with tension on the
graft to account for stress relaxation in the graft-fixation
complex [13]. The graft was fixed on the tibial side at 20°
of knee flexion. Axial tension of 44 N on the draw sutures
was applied to each graft, and the sutures were secured
over a screw post [19, 26].

For the medial meniscectomy, a total medial menis-
cectomy was performed with a curved meniscectomy blade
through the previous arthrotomy. Deep knee flexion and
mild valgus were applied. The deep medial collateral lig-
ament (MCL) was left intact. In the lateral meniscectomy
group, a complete lateral meniscectomy was performed



Knee Surg Sports Traumatol Arthrosc (2011) 19 (Suppl 1):S86-S93

S89

through the arthrotomy. This was performed by cutting and
elevating the anterior horn of the lateral meniscus with a
No. 15 scalpel. The anterior horn was clamped with a
Kocher clamp, and the body of the meniscus was resected
at the meniscocapsular junction under axial tension on the
Kocher clamp and with the knee at 90° of flexion and mild
varus stress. With the knee in full flexion, the lateral
meniscus was dislocated into the notch and the posterior
horn was resected. The popliteus tendon was left intact.
Extreme care was taken to avoid violation of the joint
capsule on the medial or lateral compartment during
meniscectomy and to protect the ACL reconstruction. The
knee underwent navigated Lachman and pivot shift
examination, followed by meniscectomy of the opposite
compartment.

Instrumented testing was carried out for each of the four
conditions: (1) NA-ACLR/unicompartmental meniscec-
tomy, (2) NA-ACLR/bicompartmental meniscectomy, (3)
AM-ACLR/unicompartmental meniscectomy, and (4) AM-
ACLR/bicompartmental meniscectomy.

Statistical analysis

Repeated measures analysis of variance with a post hoc
Tukey multiple comparison test was used to compare the
translations in the Lachman examination and for each
tracked point during the pivot shift examination within
each group. Based on historical data, we estimated a pri-
ori that 10 knees would be required to detect a 3 mm
increase in tibiofemoral translation across conditions in
the Lachman examination and in the pivot shift with 0.80
power at the 95% confidence level. All statistical analysis
was performed using GraphPad Prism (GraphPad Soft-
ware, San Diego, California). Significance was set at
o = 0.05.

Results
Lachman examination

Transection of the ACL resulted in a significant increase in
anterior translation of the tibia during Lachman examina-
tion as compared with the intact state (6.3 & 2.5 mm vs.
33+ 19 mm, P<0.05 for ACL-deficient vs. ACL
intact).

Following nonanatomic ACL reconstruction, anterior
tibial translation during Lachman testing was reduced to
the near intact state (4.2 + 2.9 mm vs. 3.3 &+ 1.9 mm,
(n.s.) for nonanatomic vs. ACL-intact). Unicompartmental
meniscectomy following nonanatomic ACL reconstruction
resulted in a significant anterior translation of 2.7 mm

6 £30mm vs. 3.3 £ 19 mm, P<0.05 for nonana-
tomic + unicompartmental meniscectomy vs. ACL-intact),
while bicompartmental meniscectomy also resulted in a
significant 4.7 mm increase in mean anterior translation
@@+£29mm vs. 33+ 19mm, P <005 for NA-
ACLR + bicompartmental meniscectomy vs. ACL-intact).
Results are depicted in Fig. 3a.

Similarly, anatomic ACL reconstruction reduced ante-
rior tibial translation to the intact state (3.3 + 2.3 mm vs.
3.3 £+ 1.9 mm, (n.s.) for anatomic vs. ACL-intact). Neither
unicompartmental nor bicompartmental meniscectomy
resulted in an increase in anterior tibial translation
following anatomic ACL reconstruction (3.2 + 2.6 mm
vs. 3.3 & 1.9 mm, (n.s.) for anatomic + unicompartmen-
tal meniscectomy vs. ACL-intact; 3.3 2.1 mm vs.
33+ 1.9 mm, (ns.) for anatomic 4+ bicompartmental
meniscectomy vs. ACL-intact). Results are depicted in
Fig. 3b.

Pivot shift
Lateral compartment translation

Transection of the ACL resulted in a significant increase in
anterior lateral compartment translation during the mech-
anized pivot shift examination as compared with the intact
state (9.8 £ 2.5 mm vs. 0.7 & 1.9 mm, P < 0.05 for ACL-
deficient vs. ACL-intact).

Lateral compartment translation during the mechanized
pivot shift examination was not well controlled by
nonanatomic ACL reconstruction (8.5 £ 5.6 mm vs.
0.7 &£ 5.8 mm, P < 0.05 for nonanatomic vs. ACL intact).
Both unicompartmental and bicompartmental meniscec-
tomy resulted in a significant increase in lateral compart-
ment translation as compared with the intact state.
(9.8 £ 6.2 mm vs. 0.7 & 1.9 mm, P < 0.05 for nonana-
tomic + unicompartmental meniscectomy vs. ACL-intact;
122 £ 44 mm vs. 0.7 £ 1.9 mm, P < 0.05 for nonana-
tomic + bicompartmental meniscectomy vs. ACL-intact).
Results are depicted in Fig. 4a.

Conversely, anatomic ACL reconstruction reduced
anterior lateral compartment translation to the near intact
state (3.1 &= 5.6 mm vs. 0.7 & 5.8 mm, (n.s.) for anatomic
vs. ACL-intact). While unicompartmental meniscectomy
did not have a significant effect on lateral compart-
ment translation following anatomic anteromedial ACL
reconstruction (4.5 & 6.6 mm vs. 0.7 & 5.8 mm, (n.s.) for
anatomic + unicompartmental meniscectomy vs. ACL-
intact), bicompartmental meniscectomy significantly
increased lateral compartment translation (8.3 + 3.3 mm
vs. 0.7 £ 58 mm, P < 0.05 for anatomic + bicompart-
mental meniscectomy vs. ACL-intact). Results are depicted
in Fig. 4b.
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Fig. 4 Effect of meniscectomy following nonanatomic (NA-ACLR)
and anteromedial (ACLR) reconstruction on lateral compartment
translation during the mechanized pivot shift. Note that nonanatomic
ACL reconstruction was ineffective at controlling lateral compart-
ment translation, and subsequent meniscectomy resulted in further

Medial compartment translation

Transection of the ACL resulted had no effect on medial
compartment translation during the mechanized pivot shift
examination as compared with the intact state (—1.5 +
7.0 mm vs. —3.2 &+ 6.1 mm, (n.s.) for ACL deficient vs.
ACL-intact).

Medial compartment translation during the mechanized
pivot shift examination was not affected by nonanatomic
ACL reconstruction (—1.3 £ 6.4 mm vs. —3.2 &+ 6.1 mm,
(n.s.) for nonanatomic vs. ACL-intact). Subsequent uni-
compartmental and bicompartmental meniscectomy had no
effect on medial compartment translation as compared with
the intact state (—1.6 & 6.7 mm vs. —3.2 + 6.1 mm, (n.s.)
for nonanatomic + unicompartmental meniscectomy vs.
ACL-intact; —1.2 £ 9.6 mm vs. —3.2 &= 6.1 mm, (n.s.)
for nonanatomic 4+ bicompartmental meniscectomy vs.
ACL-intact).

@ Springer

increases in lateral compartment translation. Conversely, anterome-
dial ACL reconstruction restored lateral compartment translations to
the intact state. Bicompartmental meniscectomy resulted in a
significant increase lateral compartment translation as compared with
the intact state (P < 0.05)

Similarly, anteromedial ACL reconstruction had no
effect on medial compartment translation during the pivot
shift (—2.1 & 6.5 mm vs. —3.2 £ 6.1 mm, (n.s.) for ana-
tomic vs. ACL-intact). Subsequent unicompartmental and
bicompartmental meniscectomy had no effect on medial
compartment translation as compared with the intact state.
(—4.1 £ 4.7 mmvs. —3.2 &+ 6.1 mm, (n.s.) for anatomic +
unicompartmental meniscectomy vs. ACL-intact; —3.4 £
5.0 mm vs. —3.2 & 6.1 mm, (n.s.) for anatomic + bicom-
partmental meniscectomy vs. ACL-intact).

Discussion

The most important finding of the present study was that
following nonanatomic or “mismatch” ACL reconstruc-
tion, unicompartmental meniscectomy resulted in a sig-
nificant increase in anterior laxity during the Lachman
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examination that was amplified by subsequent bicompart-
mental meniscectomy. Conversely, anatomic anteromedial
ACL reconstruction was effective at controlling abnormal
anterior tibial translation following both unicompartmental
and bicompartmental meniscectomy.

Moreover, anatomic anteromedial ACL reconstruction
was effective in controlling the pivot shift maneuver in
the isolated ACL injury as well as after ACL injury and
unicompartmental meniscal loss. However, following
subsequent bicompartmental meniscectomy, a significant
increase in lateral compartment translation was noted
during the pivot shift after an anatomic ACL reconstruc-
tion. Nonanatomic ACL reconstruction was less effective
at controlling lateral compartment translation during the
pivot shift, and further increases in translation were noted
following both unicompartmental and bicompartmental
meniscectomy. Collectively, these findings suggest that
anatomic ACL reconstruction is able to control the
Lachman test even after bicompartmental meniscal exci-
sion. However, while an anatomic ACL reconstruction may
control the pivot shift in an isolated ACL injury and after
unicompartmental meniscal loss, profound meniscal defi-
ciency may render the knee less stable during pivoting
events. Conversely, nonanatomic ACL reconstruction
appears to be sensitive to meniscus status even during the
Lachman examination. While nonanatomic ACL recon-
struction may control the Lachman in an isolated ACL
injury, subsequent meniscus loss may result in aberrant
Lachman examinations. Additionally, nonanatomic ACL
reconstruction exhibited poor control of the pivot even in a
meniscal competent knee. Meniscal loss after nonanatomic
ACL reconstruction rendered the knee progressively more
unstable during the pivoting maneuver.

The results of this laboratory investigation may have
important implications. Lyman et al. showed that the fre-
quency of subsequent surgery on either knee within 1 year
of ACL reconstruction was 6.5 with 25% of this patient
cohort undergoing meniscectomy [18]. Accordingly, men-
iscal loss following ACL reconstruction represents a
common clinical entity that has not been fully described in
the current biomechanical literature.

Multiple authors have reported on the relevance of the
menisci in anterior—posterior (AP) knee stability in the
ACL-intact and ACL-deficient knee [1, 8, 15, 16]. These
previous reports have demonstrated that the medial
meniscus is an important secondary restraint to anterior
translation in the absence of a functional ACL due to its
“wedge effect”. In a more recent study, Musahl et al. have
described the effect of meniscectomy on the magnitude of
the pivot shift in the ACL-deficient knee [20]. In this
cadaveric study, lateral meniscectomy in the absence of an
ACL resulted in a significant increase in the translation of
the lateral, medial, and central compartments during

combined axial, valgus, and rotatory load, while medial
meniscectomy had no significant effect on tibial translation
during the pivot shift test. The authors concluded that the
lateral meniscus is an important restraint to tibial transla-
tion during the pivot shift maneuver.

There is a paucity of biomechanical data on the effect of
meniscectomy following ACL reconstruction. In a single
previous study evaluating anterior knee stability following
meniscectomy in the single-bundle ACL-reconstructed
knee, the authors found that in situ graft forces increased
between 33 and 50% following medial meniscectomy, with
no resultant increase in anterior translation under combined
200-N axial and 134-N anterior load [22]. In another
cadaveric study, Seon et al. evaluated the effect of subtotal
medial meniscectomy on the ACL-deficient and the single-
bundle ACL-reconstructed knee subject to an anterior tibial
load of 130-N and a quadriceps muscle load of 400-N.
They demonstrated that while ACL-reconstruction signifi-
cantly diminished abnormal anterior tibial translation, it
did not restore anterior translation to the intact level with
differences ranging from 2.6 mm at 0° to 5.5 mm at 30° of
knee flexion [24].

In the current study, both nonanatomic (posterolateral
tibia-anteromedial femur) and anteromedial (anteromedial
tibia-posterolateral femur) ACL graft configurations were
effective at controlling anterior tibial translation as mea-
sured by a navigated Lachman examination in the meniscus
competent knee. However, the nonanatomic ACL recon-
struction was sensitive to meniscus status and demonstrated
instability during Lachman testing with both the unicom-
partmental and bicompartmental meniscectomy testing.
The anteromedial ACL reconstruction appeared to provide
superior control of anterior translation and to be relatively
insensitive to meniscus status. One explanation for these
findings may be that graft alignment oblique to the direc-
tion of anticipated displacement may result in improved
control of that displacement [4]. Anatomic graft placement
results in increased graft obliquity in the sagittal plane that
should better control anterior translation. Accordingly, in
the absence of secondary restraints to anterior translation
such has the meniscus, an anatomic graft may be better
suited to control anterior translation.

The data also demonstrate that sequential meniscal loss
resulted in diminished control of rotational stability of the
knee as measured by a mechanized pivot shift examination
in both the anatomic and nonanatomic reconstructions.
While anatomic graft configurations appeared to provide
superior control to nonanatomic configurations following
unicompartmental meniscectomy, neither single-bundle
reconstruction method was capable of controlling lateral
compartment translation following bicompartmental men-
iscectomy. These increases in observed lateral compart-
ment translation have been previously shown to have a
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strong correlation with the clinical grade of the pivot shift
[14].

In the nonmeniscectomized knee, Herbort et al. [9] have
demonstrated similar results in regard to the influence of
tunnel position on knee kinematics during single-bundle
ACL reconstruction. In a cadaveric study, these authors
demonstrated that single-bundle anteromedial reconstruc-
tion (anteromedial tibial footprint to anteromedial femoral
footprint) more closely restored knee kinematics than
nonanatomic reconstructions (posterolateral tibial footprint
to anteromedial femoral footprint). Stability testing was not
assessed under conditions of meniscal deficiency.

These aforementioned findings may have important
clinical implications in patients with meniscal injury in the
presence of an ACL graft. Patients undergoing total men-
iscectomy following single-bundle ACL reconstruction
may be at risk of developing recurrent rotational instability
and pivoting. Kocher et al. have demonstrated that sub-
jective dissatisfaction following ACL reconstruction is
strongly correlated with a positive finding on pivot shift
examination [12]. Accordingly, attempts should be made to
retain as much meniscal tissue as feasible or repair the
torn meniscus in the ACL-reconstructed knee. Moreover,
patients should be counseled as to the potential deleterious
effects of meniscal loss following ACL reconstruction,
particularly if the ACL reconstruction is perceived to be
vertical in orientation.

The design of our study has limitations that should be
addressed. A major limitation of this study is that no
attempt was made to differentiate between the effects of
medial and lateral unicompartmental meniscectomy on
knee stability. However, the work of Musahl et al. suggests
that while the medial meniscus has a greater role in control
of anterior tibial translation in the ACL-deficient knee, the
lateral meniscus is more important controlling rotational
stability of the tibia as measured during a mechanized pivot
shift in an identical model [20]. These findings may be
extrapolated to the ACL-reconstructed knee, and further
investigations are warranted to differentiate the relative
contribution of each structure in this model. Another
limitation of this study was the evaluation of total menis-
cectomy on knee stability, as bicompartmental total men-
iscectomy following ACL reconstruction is an uncommon
clinical scenario. Future studies should evaluate the spe-
cific effects of partial meniscectomy on knee stability in
this setting. Finally, the magnitude of force applied to the
knee during the mechanized pivot shift is unknown, com-
plicating comparisons with other biomechanical studies on
this topic. However, the mechanized pivot shifter has
excellent repeatability for translation magnitude during the
pivot shift maneuver, and reliably induces a characteristic
pathologic motion path that has been described both clin-
ically and in cadaver studies of ACL insufficiency [14, 21].
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Consequently, we are able to discern differences between
experimental states in the absence of known forces across
the knee joint.

Conclusion

Single-bundle ACL reconstruction can control abnormal
anterior and rotational translation in the ACL-deficient
knee. However, subsequent meniscal loss may result in
recurrent instability as manifest to a lesser extent by
increased anterior translation during Lachman examination
and to a greater extent rotational instability as measured via
the pivot shift. Anteromedial graft configurations may
provide somewhat better protection against anterior trans-
lation and pivoting in the setting of meniscal loss. Based on
the results of this study, surgeons should aim to preserve
the meniscus in subsequent knee surgeries following sin-
gle-bundle ACL-reconstruction to curtail potentially
symptomatic instability.
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