Letters to the Editor

The Appropriate Methodologies in Biomechanical Studies Regarding
Lateral Extra-Articular Procedures: What We Really Need in the
Controlled Laboratory Studies

There remains controversy on the necessity to
augment anterior cruciate ligament (ACL) reconstruction with lateral extra-articular procedures for knee
stability, such as anterolateral ligament (ALL) reconstruction, anterolateral structure (ALS) reconstruction,
and extra-articular tenodesis (LET). As an important
experimental research method, previous cadaveric
biomechanical studies failed to resolve these disputes,
and results from different laboratories seem inconclusive. Although the experimental designs were similar
and reasonable in these controlled laboratory biomechanical studies, inconsistent methodologies limited the
comparability of different extra-articular procedures.
Unless the researchers apply appropriate methodologies
in biomechanical studies of lateral extra-articular
procedures, that is, consistent methodologies, debates
will persist.1,2
We applaud the well-performed study published in
Arthroscopy by Ahn, Koh, McGarry, Patel, Lin, and Lee:
“Double-Bundle Anterior Cruciate Ligament Reconstruction With Lateral Extra-Articular Tenodesis Is
Effective in Restoring Knee Stability in a Chronic,
Complex Anterior Cruciate Ligament-Injured Knee
Model: A Cadaveric Biomechanical Study.”3 They
demonstrated that an additional LET procedure, a
modiﬁed superﬁcial Lemaire technique, could improve
knee stability after isolated double-bundle (DB) ACL
reconstruction. They also reported that DB-ACL reconstruction combined with LET restored intact knee stability in internal rotation, external rotation, and anterior
tibial translation laxity.
In contrast to previous studies, a novel deﬁcient
model with combined injuries of the anterolateral
complex and the posterior horns of the medial and
lateral menisci was created in this cadaveric study. As
we know, the menisci play an essential role in
controlling knee stability, especially in ACL-deﬁcient
knees.4,5 Given the high incidence of associated
meniscal pathology with acute or chronic ACL tears,6
this complex model seems rational to simulate the
unstable knee status in ACL-deﬁcient patients.
Moreover, in their study, it is worth noting that the
quadriceps muscles were loaded according to the
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physiological cross-sectional area, whereas some
femoral soft tissues were proximally dissected,
including the iliotibial band (ITB). As an important
secondary stabilizer, would adding the ITB load make
this creative defective model better mimic the knee
instability status? The answer is likely “yes!”
Since Claes and colleagues described “a distinct
ligamentous structure” that was termed the ALL of the
knee in 2013,7 numerous cadaveric studies concentrated
on the biomechanical effects of ALL or ALS and its related
procedures on anterolateral and internal rotational
stabilities in ACL-deﬁcient or ACL-reconstructed knees.2
However, the debate rages on! In these studies, all
methodologies seem reasonable and well-documented.
The “reasonable” methodologies applied by different
research groups worldwide are not necessarily appropriate in controlled laboratory studies, in which a
consistent methodology is required if we are united as an
orthopedic research community. We believe that the
inconsistent methodologies in various laboratory studies
have partially resulted in the current controversy.
 First, the graft for the ACL or ALS reconstruction
varied in these studies. Although all the grafts for ACL
reconstructions in biomechanical studies, such as
bone-patellar tendon-bone (BPTB) allografts, tripled
or quadrupled semitendinosus, or synthetic nylon
graft, seem reasonable,8 the differences in the grafts
could be an interfering factor in the measurement
results of extra-articular procedures. For instance, ACL
reconstruction with a BPTB graft could restore normal
knee stability regardless of existing secondary anterolateral restraints in a robotic study.9 However, the
isolated ACL reconstruction with the quadrupled
semitendinosus graft failed to restore knee stability in
another robotic study.10 The importance of a sufﬁcient
coverage area of the native ACL footprint in anatomic
ACL reconstruction has been emphasized by some
researchers to successfully restore normal knee kinematics, which is likely associated with the different
biomechanical results of ACL reconstruction with
various grafts.11,12 Furthermore, the grafts for ALS
reconstruction included semitendinosus, gracilis, and
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polyester tape.9 The differences in the biomechanical
properties of these grafts might be related to the effects
of controlling internal rotational instability.
 Second, the testing protocols could not be uniﬁed or
roughly consistent. The load and torque in the
simulated anterior drawer test and internal rotational
test are less controversial, whereas the various types
of simulated pivot shift tests in these biomechanical
studies yield confusing results. Two static loading
proﬁles, namely, 3-degree-of-freedom loads (e.g., 10
N$m or 8 N$m valgus, with 5 N$m or 4 N$m internal
rotation, ﬂexion) and 4-degree-of-freedom loads
(e.g., 100 N anterior, 1 N$m, or 5 N$m internal
rotation, with 7 N$m or 10 N$m valgus, ﬂexion),
were both recommended for examining pivot-shift
phenomena.9,13-17 Moreover, dynamic pivot shift
tests were also applied in some biomechanical
studies, which seem closer to the pivot-shift test in
clinical scenarios.17-19 As a result, the measurement
methods of anterolateral stability or subluxation in
these pivot shift tests were also different. Therefore,
only the use of well-controlled and consistent test
protocols in biomechanical studies can help determine which lateral extra-articular procedures are the
most suitable for mitigating pivot-shift instability.
 Third, the deﬁcient models used to simulate the
anterolateral instability status are not the same. There
are two main deﬁcient models created in previous
studies: the pure ALL-deﬁcient model13 and the ALSdeﬁcient model, which were further classiﬁed as
either “worst scenarios” or not.14,18,20 The latter
model sectioned more lateral capsule and soft tissue
around the knees deep to the ITB from the lateral
margin of the patellar tendon and anterior margin of
the lateral collateral ligament, while the “worst scenarios” included damage to the capsule-osseous ﬁbers
of the ITB. Inconsistent deﬁcient models concern us
regarding the repeatability of anterolateral instability
status in patients that the cadaveric studies have
attempted to simulate in various biomechanical
studies. Consequently, given the poor repeatability of
the deﬁcient models, the results of different extraarticular procedures are somewhat incomparable.
In our previous study, a secondary injury of ALS did
not substantially exacerbate the anterior and anterolateral instabilities in ACL-deﬁcient knees in the case of
functional ITB.21 Therefore, what if we simulate more
knee dynamic structures to potentially challenge the
current ALL- or ALS-deﬁcient models that were
commonly used in the present study? Ahn et al. probably provided one reasonable solution in their study,
that is, an additional meniscal injury in chronic and
complex ACL-deﬁcient knees.3 More importantly, in
recent studies regarding lateral extra-articular procedures, the ITB was kept intact or tensioned to closely
reproduce clinical settings.18,21,22 However, in their

study, only the quadriceps muscle was loaded to secure
the patellofemoral joint under static tension. We
believe that such a chronic model can be optimized
after more dynamic muscles are loaded; at least, the
tension of the ITB should be maintained. Nevertheless,
this research has taken an important step in creating a
new deﬁcient model for further investigation in lateral
extra-articular procedures in the future.
In laboratory biomechanical studies, a well-controlled
and consistent methodology is preferable, which is
likely to be the most important advantage compared to
clinical studies. Because of the absence of consensus on
the methodologies in cadaveric biomechanical studies of
the lateral extra-articular procedures, such as deﬁcient
models, grafts for ACL or ALS reconstruction, and the
test protocols, the discussion and comparison of lateral
extra-articular procedures in different groups worldwide
have been limited and may not reliably extrapolate to
clinical practice. The published biomechanical results of
lateral extra-articular procedures should be inspected
objectively to determine whether these outcomes were
reported under the premise of an acceptable and
consistent methodology, or the comparisons in different
studies were broadly comparable. Otherwise, these results should be interpreted with caution.
Although the test protocols of Ahn et al.’ s study are
not exactly the same as those of published studies, the
authors deserve credit for drawing attention to the
novel deﬁcient model and the muscle loading, which
should be considered for application in coming studies
regarding lateral extra-articular procedures.3 Once
again, we congratulate Ahn et al. for their excellent
work. Biomechanical studies with novelty and quality
as those in the current study can aid the progressive
uniﬁcation of the methodologies for a better-controlled
laboratory biomechanical study. All of this hard work in
biomechanical studies have the same purpose, that is,
to improve the outcomes of ACL reconstruction as expected by the entire orthopedic community.
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Regarding “The Top 50
Most-Cited Shoulder
Arthroscopy Studies”
I was very interested in reading the article by Moore
et al., “The Top 50 Most-Cited Arthroscopy Studies,”

