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Results: Tissue Function

• Functional testing included
anterior-posterior drawer and
varus-valgus torque applied at
40°, 60°, and 90° of flexion with
a 6-degree of freedom universal
force sensing (UFS) robotic
testing system (Fig. 2) [4]

• Anterior-posterior tibial
translation was normalized to
the length of the tibial plateau

• In situ tissue forces were
normalized to the total force in
the joint

• Tissue contributions were
calculated with the principle of
superposition [5]

• Statistics included two-way
ANOVA testing and Tukey’s
post-hoc analysis (α=0.05)

• Anterior cruciate ligament (ACL)
injuries are increasingly common in
young athletes [1]

• Recent studies show high likelihood
of secondary and tertiary ACL
reconstructions, additional knee
injuries to tissues such as the
menisci or medial collateral ligament
(MCL), and osteoarthritis following
injuries in young patients [2]

• Further complicating treatment, ACL
injuries differ in tear type in children
compared to adults, with a greater
proportion of partial ACL injuries [3]

Figure 1. Injuries to the
anteromedial (AM) and
posterolateral (PL) bundles of the
ACL vary with age.

The objective of this study was to investigate
the impact of partial and complete ACL
injuries on the function of secondary
stabilizing tissues in the knee during growth

• The ACL resisted the
majority (75-111%)
of anterior tibial
drawer in the intact
state across ages
and flexion angles

• Following AM bundle
transection, the PL
bundle carried the
majority (66-112%)
across ages and
flexion angles

• In the ACL deficient
state, secondary
stabilizing tissues
including the MCL
and medial meniscus
withstood increased
functional demands
to restrain excessive
joint motion (Fig. 5)
across all tested
flexion angles

Figure 3. Complete ACL injury results
in increased anterior-posterior tibial
translation, while increasing age results
in decreased translation. * represents
significant change between ages, #
represents significant change between
states, p<0.05.

Figure 4. Complete, but not partial,
ACL injury results in increased rotation
under applied varus-valgus moments
at 60° flexion, while increasing age
results in decreased rotation. *
represents significant change between
ages, # represents significant change
between states, p<0.05.

• Anterior-posterior tibial
translation (APTT)
increased significantly
with ACL deficiency at
60° of flexion (Fig. 3)

• Partial (AM bundle) injury
did not result in
significant increases in
APTT

• Normalized APTT values
decreased from youth to
adolescent groups

• Similar changes occurred
at 40° and 90° of flexion,
with complete, but not
partial, ACL injury
resulting in increased
APTT

Figure 5. The PL bundle of
the ACL is the primary
restraint to anterior tibial
drawer following an AM
bundle injury, while the
MCL and medial meniscus
contribute to anterior
restraint following a
complete ACL injury. *
represents significance
between states, p<0.05.
Data presented from a
representative flexion
angle, 60°.

Figure 6. AM and PL bundles of the ACL provide most of the functional
resistance against anterior tibial drawer in intact and AM-deficient states,
respectively. The MCL and LCL resist an increasing portion of varus and valgus
torque with increasing age across all states under varus torque and partial and
complete injury states under valgus torque.

• In the porcine model, AM bundle injury results in increased
functional demands on the PL bundle

• Complete, but not partial, ACL injury results in increased
demands on the MCL and medial meniscus with anterior
load (Summarized in Fig. 6)

• While these changes in tissue function were measured
immediately following ACL injury, tissue remodeling
responses may result in altered long-term functional
changes following ACL injuries in vivo

• Ongoing and future work will study tissue function under
additional loading parameters, and the effect of various
treatment strategies after ACL injury on secondary tissue
adaptation and remodeling following complete and partial
ACL injury
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Figure 2. Experimental design for
biomechanical robotic testing.

• Varus-valgus rotation was
not affected by AM-bundle
injury, but increases with
total ACL injury (Fig. 4)

• Average frontal plane
rotation decreased by 19°
from early youth to late
adolescence under the
application of varus-
valgus moments

• Stifle joints were collected from 36 female Yorkshire cross-breed pigs
at 0, 1.5, 3, 4.5, 6, and 18 months (n=6/group)


