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Evaluation of Meniscal
Mechanics and Proteoglycan
Content in a Modified Anterior
Cruciate Ligament Transection
Model
Post-traumatic osteoarthritis (PTOA) develops as a result of traumatic loading that
causes tears of the soft tissues in the knee. A modified transection model, where the ante-
rior cruciate ligament (ACL) and both menisci were transected, was used on skeletally
mature Flemish Giant rabbits. Gross morphological assessments, elastic moduli, and gly-
cosaminoglycan (GAG) coverage of the menisci were determined to quantify the amount
of tissue damage 12 weeks post injury. This study is one of the first to monitor meniscal
changes after inducing combined meniscal and ACL transections. A decrease in elastic
moduli as well as a decrease in GAG coverage was seen. [DOI: 10.1115/1.4027468]

Introduction

PTOA is a debilitating joint disease resulting from joint trauma.
A number of injuries can lead to PTOA of the knee, but it is most
commonly seen following sports injuries where ACL and menis-
cal injuries have occurred [1]. Because the menisci have been
shown to bear 45–75% of the load in the knee joint [2], meniscal
damage is thought to be associated with the development of OA
and merits further investigation [3].

In order to study the chronic advancement of PTOA, numerous
in vivo animal models have used a surgical ACL transection
(ACLT) model to mimic damage to injured joints [4–11]. These
models destabilized the knee joint surgically by transecting the
ACL, and then monitor joint degradation over time. Driven by
results of ACLT models, current clinical practice includes repair
of the torn ACL in an effort to arrest or slow the development of
OA following a traumatic event that tears the ACL. Reconstruc-
tion of the ACL is usually accomplished by the use of either auto-
graft or allograft tissue [12]. Unfortunately, surgical
reconstruction of the injured joint does not appear to prevent
PTOA. Many patients who undergo ACL reconstruction exhibit
early radiographic evidence of OA [13,14]. For example,
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regardless of acute ACL reconstruction, 24% of patients still pre-
sented radiographic evidence of OA after 11 years. Researchers
have prospectively evaluated articular cartilage health using
arthroscopy in 105 patients at the time of and following ACL
reconstruction [15]. Their findings document progressive degener-
ation of articular cartilage in the repaired knee joint in all patients.
The current literature thus indicates that the occurrence of post-
traumatic joint OA does not seem to depend on whether or not the
ACL is reconstructed. Others have reported the prevalence of OA
to be 78% in both reconstructed and nonreconstructed patients af-
ter 14 years [16].

While the ACLT model has shown injuries to the ACL can lead
to the classical characteristics associated with human OA, it fails
to account for accompanying acute meniscal damages that are of-
ten associated with the human trauma. With meniscal damage
occurring in as high as 82% of knees with acute ligament tears
[17], it is important to understand how this damage affects the me-
chanical and morphological properties of menisci in the subse-
quent chronic setting. Because of the important load distribution
properties of the menisci, meniscal tissue is likely not benign in
the development of OA [3,18]. This is supported clinically by car-
tilage degeneration following meniscectomies [19–21]. Water
flow through meniscal tissue is regulated in part by aggrecan, a
proteoglycan with GAG side chains, which contributes to the
viscoelastic nature of the tissue [22]. GAG depletion in meniscal
tissue has been shown to reduce the coefficient of viscosity and
reduce the equilibrium modulus of the tissue [23]. Additionally,
the tissue is limited in its healing capacity due to the primary
avascular nature of the meniscus. Clinically, it has been shown
that when left untreated, a combined ACL and meniscal tear will
become more severe over time [24–26].

Given the high incidence of OA following tears of the ACL and
meniscus, additional research is still necessary to understand this
pathological state. Additionally, no previous models have consid-
ered the classic case of ACL tear combined with meniscus tears.
The majority of previous studies have been either isolated ACL
tears [6–10,27–33] or meniscectomy models [33–37]. Thus, there
is a need to develop a model that can accurately represent this
combined case. To this end, a modified ACL transection
(mACLT) model has been developed. In the mACLT model, the
ACL is fully transected, and both the medial and lateral menisci
are partially transected. To our knowledge, this is the first com-
bined ACL and meniscal transection study that investigates
chronic changes in the menisci. There have been previous studies
that combine an ACL transection with a partial or total meniscec-
tomy [4,38,39], but the focus of these studies was on articular car-
tilage and bone changes. Partial transections will be performed in
both the medial and lateral hemijoints as literature has shown
them to occur almost equally (44% medially and 56% laterally)
[24] in acute ACL injuries.

The objective of this study was to investigate changes to menis-
cal tissue 12 weeks after joint trauma in the form of ACL and
meniscal transections. This mACLT model will characterize
meniscal damage that has been previously unaccounted for in the
traditional ACLT model. An indentation relaxation test will be
used to determine the instantaneous and equilibrium compressive
elastic moduli of the menisci. Histological analysis will be per-
formed to monitor changes in GAG coverage. It is hypothesized
that both mechanical properties and GAG coverage will be
decreased in the mACLT joint compared with the contralateral
control 12 weeks post trauma.

Methods

Modified ACL Transection Model. Six skeletally mature
Flemish Giant rabbits (5.3 6 0.6 kg) were used in the study. All
animals were housed in individual cages (60� 60� 14 in.) for the
duration of the study, which was approved by Michigan State Uni-
versity and Colorado State University All-University Committees

on Animal Use and Care. Animals were placed under anesthesia
and the right limb of each animal underwent an ACL transection, as
well as meniscal transections to both the medial and lateral menisci.
The left limb was left unaffected and served as a control. A licensed
veterinary technician monitored the rabbits for pain and buprenor-
phine (0.3 ml/kg BW) was given every 8 h for 72 h following sur-
gery. At 12 weeks post injury, the animals were euthanized.

Animals were anesthetized with 0.01 mg/kg glycopyrrolate sub-
cutaneously, 2 mg/kg xylazine (20 mg/ml) intramuscularly, and
15 mg/kg ketamine hydrochloride intramuscularly as a pre-
anesthetic medication. Animals were administered warmed subcu-
taneous fluids peri-operatively. Each animal was maintained with
1–4% isoflurane and oxygen, delivered by mask using a precision
vaporizer and a bains nonrebreathing system. A full scavenger
system on the bains circuit was used. The right limb of each ani-
mal was shaved and prepared using a 70% povidone-iodine scrub
and 70% alcohol. With the animal in dorsal recumbency, a para-
patellar 2 cm skin incision was made over the medial aspect of the
knee joint. The skin incision was followed by a small (�1 cm)
medial arthrotomy. The fat pad was gently retracted cranially to
expose the cranial cruciate ligament. Using a #11 scalpel blade,
the cruciate ligament was transected between its origin and inser-
tion. The medial meniscus then received a radial transection in the
white zone of the central region with a longitudinal transection
extending through the main body. The lateral meniscus was trans-
ected radially in the white zone of the central region and with a
minor longitudinal cut extending anteriorly (Fig. 1). The initial
goal with the modified model was to create the same complex pos-
terior tears in both the medial and lateral compartment. Due to the
tightness of the lateral posterior compartment it was not possible
to make the longitudinal cut posteriorly as was done on the medial
meniscus. In an effort to not disturb additional tissues in the joint
to gain access to this lateral posterior compartment, different tears
were created. It should be noted however that complex tears of the
posterior compartment of the menisci are very common and seen
in both the medial and lateral hemijoints [9,24,40,41]. The joint
capsule was sutured immediately after transection using 3/0 poly-
dioxanone monofilament synthetic absorbable suture (PDS). The
subcuticular layer and skin were closed in sequence using 4-0
PDS and subcutaneous.

Previous ACLT models identified a range of time points where
meniscal damage was observed (ranging from 1 to 32 weeks). At
their earliest time of 12 weeks, a canine study by Smith et al. saw
only 50% of the medial menisci was damaged and only 30% of
the lateral, but at 32 weeks 91% of the medial and 57% of the lat-
eral menisci were damaged [29]. Adams et al. looked at earlier
time points of 1, 4, and 8 weeks in a canine ACLT model and
documented damage occurring as early as week one and progress-
ing to complete damage of both menisci by 8 weeks [32]. ACLT
models using New Zealand White rabbits have shown a slightly
quicker progression of damage with two studies showing com-
plete damage by 8 weeks [8,33]. In a small Flemish Giant rabbit
study by Killian et al., two of the three animals who received an

Fig. 1 Diagram of meniscal transections
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ACL transection showed heavy damage to the medial menisci
while only one of the three animals were seen to have lateral
meniscal damage after 12 weeks [9]. Based on these previous
works, a time point of 12 weeks was chosen to insure degradation
of the joint and have a time point that was comparable with previ-
ous works.

Meniscus Harvesting and Preparation. The menisci were
harvested immediately following sacrifice and kept refrigerated
(1.7–3.3 �C) until mechanically tested. The menisci were photo-
graphed and damage was quantified using a combination of
previously established grading systems [31,42]. A morphological
score from 0 to 4 was assigned to each region of both hemijoints
with 0¼ normal, 1¼ surface damage, 2¼ undisplaced tears,
3¼ displaced tears, 4¼ tissue maceration. Blind scoring was per-
formed by four separate individuals and average numbers
reported. Paired t-tests were performed to determine if significant
(p< 0.05) morphological damage was present in the injured knees
compared with their contralateral controls. An interclass correla-
tion calculation was also used to identify the intergrader
reliability.

Because mechanical and histological properties have been seen
to be regionally dependent [22,43–45], each meniscus was sec-
tioned into anterior, central, and posterior regions for testing.
Specimens were kept hydrated with 0.9% phosphate buffered
saline (PBS) solution before and during mechanical testing. Fol-
lowing mechanical testing, meniscal sections were fixed in 10%
formalin for 14 days. Sections were then embedded in optimum
cutting temperature medium (Pelco; Redding, CA) and flash frozen
using liquid nitrogen. The face parallel to the cut surface of these re-
gional sections was then cryosectioned using 6 lm slices and stained
for GAG using safranin-O (Saf-O) and Fast Green (FCF).

Mechanical Evaluation. Meniscal tissue was subjected to in-
dentation, relaxation tests (Bionic Model 370.02 MTS Corp.,
Eden Praire, MN) in the anterior, central, and posterior regions,
when enough intact tissue was present. The samples were tested
in a PBS bath to prevent dehydration. The bath was attached to a
two degree of freedom camera mount, and an x–y plate allowed

for the indentation surface to be oriented normal to the indenter.
A spherical tip with a diameter of 1.59 mm was used as an in-
denter, and loads were read using an 8.9 N load cell (Futek
LSB200, Irvine, CA). Many biological tissues have been shown to
behave viscoelastically and previous studies of meniscal tissue
support that meniscus is as well [46]. It has been suggested that
the flow of fluid through the tissue is at least partially responsible
for this time dependent behavior [47]. Thus, both equilibrium and
instantaneous moduli were computed.

Specimens were subjected to a preload of 20 mN before being
indented 0.25 mm for 900 s. Similar to previous indentation test-
ing on meniscal tissue of rabbits [48], a Hertzian contact equation
(Eq. (1)) was applied and used to determine both the instantaneous
and equilibrium moduli. The contact equation assumed contact
between an elastic half space and a sphere, where F is the force, R
is the radius of the indenter, d is the indentation depth, E2 and t2

are the elastic modulus and Poisson’s ratio of the indenter, and E1

and t1 are the elastic modulus and Poisson’s ratio of the tissue

E1 ¼
ð1� t1Þ2
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Equation (1): Hertzian contact equation.

The elastic modulus and Poisson’s ratio of the indenter tip were
210 GPa and 0.3, respectively. Based on a previous study [44],
Poisson’s ratio of the menisci was assumed to be 0.01 for all
regions. A paired sample t-test was performed on the data and sig-
nificance identified when p< 0.05. Data were evaluated using a
custom MATLAB program. Instantaneous values were assessed at
the peak force while equilibrium was assessed at 900 s.

GAG Staining. GAG content was determined histologically
using hematoxlyin, Saf-O, and FCF staining [49]. This process
stains GAG red, nuclei black, and cytoplasm blue/green. Slides
were imaged using an Olympus BH2 Microscope (Center Valley,
PA) and MicroPublisher 5.0 RTV camera (QImaging, Surrey, BC,
Canada). Staining intensity was graded similar to previous studies
[42] with no Saf-O staining represented by a score of 0, slight
staining¼ 1, moderate staining¼ 2, and strong staining¼ 3
(Fig. 2). Reported intensity grades were averaged from four
separate graders.

Coverage was analyzed using Image J (NIH, Bethesda, MD)
with FIJI package. Images were trimmed and converted to 8-bit
images. Total area of the image was calculated using the Analyze
Particles tool and summing particles. The area stained red, or the
area associated with GAG coverage, was separated from the
image using the Colour Deconvolution tool. Once separated, the
area of GAG coverage was calculated by thresholding and analyz-
ing particles (Fig. 3). Paired t-tests were performed on the control
and transected limbs with significance determined when p< 0.05.

Results

Morphology. Rabbits favored the contralateral limb for the
first 1–3 days, but showed no signs of gait abnormality for the du-
ration of the study. At time of euthanasia, all mACLT joints dem-
onstrated osteoarthritic changes characterized by cartilage
fibrillation, erosion, subchondral bone exposure, and osteophyte
formation. Inflammation of the synovium and increased synovial
fluid was present in all mACLT joints (Fig. 4 for mACLT and
Fig. 5 for control images). Morphological scoring was highest in
the lateral posterior region followed by the lateral central and
medial central regions (Table 1). A paired t-test identified a signif-
icant increase in damage seen in the injured joints as compared
with the contralateral control in all regions. An interclass correla-
tion calculation was conducted to determine the reliability of

Fig. 2 Safranin-O and Fast Green staining intensity: (a) no
stain 5 0, (b) slight staining 5 1, (c) moderate staining 5 2, and
(d) strong staining 5 3
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scoring between graders. This correlation was found to be high
(0.837) indicating good agreement between graders.

Mechanics. Due to the state of tissue damage (Table 1), vari-
ous regions of the menisci were unable to be mechanically tested,
leading to varying sample sizes. The lateral meniscus had a sam-
ple size of n¼ 5 in the anterior region, with the more damaged
central and posterior regions having sample sizes of n¼ 1 and
n¼ 2, respectively. The medial meniscus had enough testable tis-
sue for n¼ 5 in both the anterior and posterior regions, while the
central region had n¼ 2. All regions of the contralateral (control)
limb had a sample size of n¼ 6. Because mechanical data were
lacking for specific regions, data from the anterior, central, and
posterior regions were averaged for each animal and evaluations
were made at the hemijoint level to allow for statistical analysis
(Figs. 6(a) and 6(b)).

Mechanical results showed significant decreases (p< 0.05) in
both the instantaneous and equilibrium elastic moduli between the

control and transected limbs in both the medial and lateral hemi-
joints. Instantaneous elastic moduli decreased 72.1 6 11.1% from
control to transected limb in the lateral hemijoint and 72.5 6 17%
in the medial hemijoint. The equilibrium elastic moduli decreased
81.4612.4% in the lateral hemijoint and 71.2 6 35.8% in the
medial hemijoint.

GAG. Enough tissue was present in all regions for histological
analysis allowing for n¼ 6 in all regions. Saf-O staining intensity
was evaluated at the regional level and tended to be less intense in
the injured limb compared with the control limb, indicating a
decrease in GAG concentration (Fig. 7). Significant differences

Fig. 4 Menisci 12 week’s postsurgery (animals 1–6 left to right and top to bottom, all speci-
mens are oriented identical to the first image)

Fig. 5 Control menisci

Table 1 Meniscal morphological scores for injured joint (all
contralateral regions were normal); * denotes significant differ-
ences between control and mACLT

Medial Lateral

Animal A* C* P* A* C* P*

1 1 0 2 2 3 4
2 1 2 1 1 4 4
3 4 4 4 1 4 4
4 2 1 1 1 3 0
5 0 4 4 0 4 4
6 2 4 1 4 2 0

Fig. 3 Representative histological images showing the image
analysis for GAG coverage: (a) stitched and trimmed image was
imported to scale, (b) analyze particles of whole menisci was
used to determine overall area of meniscus, (c) colour deconvo-
lution tool was used to remove area stained for GAG, and (d)
analyze particles was used on the colour deconvoluted image
to determine area of GAG coverage. Values from image (b) and
(d) were used to determine % GAG coverage ((b 2 d)/b).

071001-4 / Vol. 136, JULY 2014 Transactions of the ASME



(p< 0.05) between the control and mACLT group for GAG con-
centration were found in the lateral anterior, lateral central, lateral
posterior, and medial anterior regions.

GAG coverage decreased from the control to transected limbs
(Fig. 8). Percent GAG coverage was reduced in all regions in the
mACLT model, and was significantly lower in all three lateral
regions (p< 0.01) and in the medial anterior region (p< 0.05).
When averaging regions, the lateral control menisci showed
30 6 5.2% GAG coverage compared with only 10.1 6 4% GAG
coverage in the mACLT menisci. Similarly, in the medial menisci,
GAG coverage was 20.2 6 7.9% compared with only 10 6 5.1%
GAG coverage in the mACLT menisci.

Discussion

The findings of this study showed that ACL injury combined
with meniscal damage result in a significant decrease in meniscal
elastic modulus and significant decrease in GAG coverage over

time. In general, surgical transection of the meniscus introduced
undisplaced tears that eventually became displaced or lead to
tissue degradation and loss. Morphological assessment done by
visual inspection has been an effective and widely used
method for assessing gross damage to osteoarthritic joints
[6–9,27,28,30,31,42]. Damage occurred most often in the medial
and lateral central regions and the lateral posterior region. This
localization of damage was expected as these were the regions
where initial damage was induced acutely, and chronic damage
has been seen clinically [26,50,51].

Tissue maceration limited sample sizes in the central and poste-
rior regions of the lateral meniscus and the central region of the
medial meniscus. However, the remaining regions (medial ante-
rior, medial posterior, and lateral anterior) showed significant
decrease (p< 0.05) in both the instantaneous and equilibrium
moduli between the control and mACLT menisci. Despite the
inability to run statistical analysis on the lateral central, lateral

Fig. 6 (a) Instantaneous elastic moduli by hemijoint (mean with standard error) and (b) equi-
librium elastic moduli by hemijoint (mean with standard error); *denotes significant difference
between control and mACLT

Fig. 7 GAG intensity grading (mean with standard error);
*denotes significant difference between control and mACLT

Fig. 8 Percent area of GAG coverage by region and hemijoint
(mean with standard error); *denotes significant difference
between control and mACLT
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posterior, and medial posterior, these regions were trending a
decrease between control and transected limb for both the instan-
taneous elastic moduli and the equilibrium elastic moduli. It is
hypothesized that this decrease would have been significant if a
larger sample size was used.

A comparison of the mechanical property changes with other
literature is challenging. The majority of previous PTOA models
have used the traditional ACLT model and often times focus on
cartilage and bone changes, without documenting changes in the
material properties of the menisci. One previous study [44] did
evaluate equilibrium moduli in the medial meniscus of healthy
rabbits. A direct comparison of this data and our control data is
difficult as sectioning and testing methods were different. How-
ever, the trending pattern of a higher modulus in the anterior
region of the medial meniscus seen in the current study was con-
sistent with this earlier study. We suspect that the dramatic
changes in material properties that develop over 12 weeks would
affect the ability of the meniscus to effectively distribute loads,
whereby increasing stress on the underlying articular cartilage.
The combined effect of a change in kinematics due to a torn ACL
and meniscus, along with the change in meniscal material proper-
ties exacerbates development of OA.

Histological analyses indicated GAG coverage decreased 12
weeks after joint injury. Staining intensity tended to decrease
from control to transected limb as well, with significant decrease
in the lateral anterior, lateral central, lateral posterior, and medial
anterior regions. All regions with a significant decrease in staining
intensity also showed a significant decrease in GAG coverage.
Data from the control limb are in agreement with a previous study
of healthy lapine menisci [45] as well as to GAG coverage in
human studies [52]. GAG coverage was found to be relatively uni-
form in the lateral hemijoint, while the medial anterior region had
significantly more GAG than the medial central and posterior
regions. This variation in GAG coverage may be responsible for
differences in mechanical properties seen in the medial meniscus
in the current and previous lapine studies [44].

There are conflicting reports as to whether or not GAG presence
decreases in osteoarthritic knees. Some studies have shown an
increase in GAG in osteoarthritic human knees [42,53]. However,
a canine study using an ACLT model showed an initial decrease in
GAG (1 week) with levels returning to normal or above normal
over an extended period of time (3–18 months) [32]. Based on this,
it is hypothesized that GAG likely decreases due to initial trauma,
but if altered loading persists GAG production may rebound
and increase in an attempt to compensate for damaged tissue.

It is very difficult to determine if this was “end-stage” OA. The
other tissues in the joint (i.e., cartilage, bone) have not been ana-
lyzed to determine the integrity of these tissues. Only then can we
label this as end-stage. It is interesting to note that in the healthy
control limbs, the lateral menisci and the medial anterior meniscus
tended to have elevated GAG staining and coverage; whereas the
12 weeks transected limbs had a much more uniform staining and
coverage between the menisci. There is likely a change in load
distribution in the transected limbs with the ACL and meniscal
tearing, however this was not quantified. It is expected that the
change in GAG coverage and intensity is a consequence of a
change in loading. Developing a longitudinal study to look at time
points before and after 12 weeks would help to better understand
these post trauma changes in GAG content of the meniscal tissue.

Both elastic modulus and GAG coverage significantly
decreased from the control to transected menisci at the hemijoint
level. Looking at overall decrease from mean values, the lateral
hemijoint experienced a larger decrease compared with the medial
hemijoint. Unfortunately, due to tissue damage, regional compari-
sons between GAG and elastic moduli were not possible in the
current study. It is believed that in articular cartilage, the equilib-
rium modulus is linearly related or closely associated with GAG
content [54,55]. We however did not find a correlation between
GAG content and the equilibrium elastic modulus in either the
control or injured menisci (data not shown).

Despite a sample size of six animals, large statistical differen-
ces were detected for morphological as well as glycosaminogly-
can staining and coverage. In an effort to isolate specific regional
differences in material properties, an attempt was made to study
anterior, central, and posterior regions of the meniscus for me-
chanical testing. Given the mechanical test procedure chosen for
the study, it was not always possible to test all three regions for
each meniscus in the mACLT limb. Tissue was however available
from all six animals for mechanical testing, albeit not from all
three regions of all animals. Thus, statistical analysis was only
completed for the hemijoint averaged data. Given the extremely
limited data available in the literature for material properties of
meniscus, the regional data were presented for the control limb, as
well as for the mACLT limb when available.

There were some limitations in the current study, including the
determination of Saf-O coverage and intensity. While GAG inten-
sity was obtained from qualitative analysis as done in past studies
[42,56], an image analysis software was in fact utilized for quanti-
fying GAG coverage changes. The possibility also exists that ani-
mal variability caused differences in transection location and size
as the surgeries were performed by eyesight. However, this may
have been limited by the use of a single surgeon (CD) for the sur-
geries. This study isolated a single tearing pattern, but it is recog-
nized that tear type likely has an effect on degradation. A much
more extensive study would be necessary to identify the effect of
various tear types on the rate and magnitude of degradation.
Finally, the effect of the isolated meniscal transections, without
damaging the ACL, is yet unknown. For this reason, future studies
looking at just the meniscal transections may prove helpful in this
regard.

When compared with traditional transection models, the
mACLT model showed a number of notable differences. Numer-
ous studies of articular cartilage in ALCT lapine studies have
shown more extensive damage in the medial hemijoint [6,7,10].
Similarly, ACLT models that have reported gross meniscal dam-
age [6,8,29,32] have also shown damage to be more extensive in
the medial meniscus. The theory behind the more highly worn
medial compartment is that without the stability offered by an
intact ACL, the medial meniscus acts to prevent tibial translation
[57–60]. This in turn causes more wear in the medial as opposed
to lateral hemijoint. With the mACLT model, chronic damage did
not favor the medial compartment. In fact, the lateral compart-
ment showed more gross damage, a greater decrease in equilib-
rium elastic moduli, and a greater decrease in GAG coverage.
Most importantly, based on tear type and occurrence, the mACLT
model also showed more extensive meniscal damage to both hem-
ijoints than previously reported in studies using the ACLT model.
For example, a 12-week ACLT study by Smith et al. resulted in
medial severe tearing in 20% of the samples, mild tearing in 30%,
and normal menisci in 50% of the samples [29]. Using the same
metrics, our mACLT model demonstrated severe tearing in 67%
of the medial samples and mild tearing in 33% of our samples.
This difference between the two models is even more evident in
the lateral hemijoint. Smith et al. reported only 10% of their sam-
ples having a tear in the lateral meniscus meanwhile 100% of the
mACLT lateral menisci showed severe tearing. While this com-
parison is slightly biased since damage was introduced initially in
the mACLT model, the current study suggested that the combined
ACL and meniscal trauma in the mACLT model resulted in more
severe degradation of meniscal tissue.

Elucidating the roles of other structures in the knee during the
development of post-traumatic OA using this novel animal model
will likely revolutionize modern clinical treatment of ACL/menis-
cal injury and provide a catapult for future longitudinal studies
aimed at slowing or preventing OA. The data presented certainly
show that meniscal tears, in combination with an ACL tear are
certainly not benign and should be treated. What was previously
unknown is how this altered loading environment affects the
remaining meniscal tissue. Clearly, in just 12 weeks, the remain-
ing meniscal tissue has a dramatic change in both material
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properties as well as biochemistry. This likely implies that follow-
ing such a traumatic injury, not only should the ACL be repaired,
and the damaged meniscus repaired when possible, an interven-
tion will likely be necessary to arrest changes in the remaining
meniscus that could exacerbate the development of OA. Future
studies are certainly necessary with this model to understand how
changes are affected by early reconstruction of the ACL and iso-
lated or different meniscal damage.

Current studies are underway to document changes in articular
cartilage, synovial fluid, and subchondral bone associated with
this mACLT model. Combining all these data will allow correla-
tions to be made between damage to the menisci, articular carti-
lage, and bone. Additionally, more time points will help to
develop a longitudinal study that will document the changes in
mechanical and histological properties of the menisci over time in
order to more fully correlate property changes with the degree of
meniscal tearing.
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