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Cadaveric Study of Anterior Cruciate Ligament Failure Patterns
Under Uniaxial Tension Along the Ligament

Nikolaos K. Paschos, M.D., Dimitrios Gartzonikas, M.D., Nektaria-Marianthi Barkoula, Ph.D.,
Constantina Moraiti, M.D., Alkis Paipetis, Ph.D., Theodore E. Matikas, Ph.D., and

Anastasios D. Georgoulis, M.D.

Purpose: The purpose of our study was to clarify the events that take place during anterior cruciate
ligament (ACL) failure, focusing on the behavior of the ACL as a composition of multiple fibers,
during uniaxial tension along the ligament. Methods: Ten fresh-frozen human cadaveric knee
specimens were fixed in an Instron machine (Instron, Norwood, MA), and load was applied parallel
to the ACL axis. Two cameras were used to detect the failure mode of the ACL and its different
groups of fibers. The distinct bundles of fibers were marked in each specimen before testing. The
macroscopic findings during the experiment were used for comparison with the biomechanical
results. Results: The ACL showed a non-monotonic response during testing. The load-elongation
curve showed a plateau or a second peak after the initial drop in load. Macroscopically, some fibers
were failing initially, whereas the intact fibers had a remaining load potential. In our setting, 3
different failure patterns were recognized, specifically, a midsubstance tear of the anteromedial or
the posterolateral bundle with a subsequent failure of the intact bundle or an initial avulsion of the
anteromedial attachment. Analysis of the video frames showed a direct connection between the
failure patterns in the load-elongation curves and the macroscopic sequence of events during ACL
failure. Conclusions: The ACL ligament acts as a multifiber construction. In our setting, rupture
follows 3 specific patterns where a complete or partial tear of the fiber bundles occurs first and the
remaining intact fiber bundles have a potential load resistance. Clinical Relevance: Our study allows
a better understanding of the mechanical properties of the ACL. An update on the biomechanics of
ACL failure during uniaxial tension after the “double-bundle revolution” could provide data helpful
for ACL reconstruction.
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ince the first report of varying tightness and laxity
during knee flexion for the different subdivisions

f the anterior cruciate ligament (ACL) in 1836,1 it
as been well established that there are distinct func-
ional roles of the different fibers. Several authors
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Arthroscopy: The Journal of Arthroscopic and Related
ave evaluated the anatomy of the ACL concerning
he different bundles suggested.2-4 Two main bundles
ave been depicted: anteromedial (AM) and postero-
ateral (PL).2 The interest of the orthopaedic commu-
ity regarding ACL biomechanics has increased based
n indications that each bundle has a different role in
nee joint stability and overall knee function.5

Increased interest related to the distinct role of the
M and PL bundles in anterior tibial translation

ATT) and internal rotation (IR) of the knee has
volved.6 Despite the fact that the role of the ACL in
estraining ATT and IR was highlighted early,7 it was
nly recently that in vitro biomechanical studies sug-
ested the separate action of the PL bundle in stabi-
izing the knee against ATT in IR.8,9 In vivo studies

onfirmed the insufficiency of the AM bundle recon-
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958 N. K. PASCHOS ET AL.
truction in rotational instability.10,11 Recently, how-
ver, only a minor contribution of the PL bundle in
nteroposterior laxity was proposed.12

In addition, the effect of different knee joint angles
n the biomechanics of the AM and PL bundles has
een highlighted by some authors.8,13,14 According to
heir results, the AM bundle was carrying increasing
n situ force with increasing knee flexion up to 60° of
exion. At knee flexion at 90° or more, the in situ
orce in the AM bundle was slightly decreasing. The
pposite was observed in the PL bundle, where the in
itu force was decreasing with increasing flexion. The
M and PL bundles had similar in situ force distri-
utions at 15° of knee flexion.8

Although the biomechanics of ACL failure have
een examined in various cadaveric models, the inci-
ents occurring during ACL rupture with regard to the
CL’s different fiber bundles have not been empha-

ized.5,15-17 Noyes et al.15-17 reported their consider-
tions on ACL failure in animal cadaveric knees. The
pecimens were placed with the knee joint positioned at
5° of flexion and were loaded in tension to failure.15,16

load-versus-time diagram for the behavior of the ACL
uring rupture was presented, where different strain rates
esulted in different failure modes.15,16 The effects of age
nd orientation to the structural properties of the ACL
ave also been highlighted.5 In these studies tensile
oad was applied along the axis of the ACL with a
train rate ranging from 0.084 to 8.46 mm/s.5,15-17 This
cenario does not correspond to the force acting on the
CL during a typical knee trauma, which is repre-

ented by the anterior-drawer scenario. Different mac-
oscopic modes of failure have been depicted.5,15-17

hese ruptures mainly concerned the substance of the
CL.5,15-17 Frequently, the failure consisted of an

vulsion of the ligament at the ligament-bone

TABLE 1. Demographics, Dimensions, Maximum L
of Tested

1 2 3 4

ge (yr) 52 82 63 78
ender M F M F
ength (mm) 22 20 20 16
iameter (mm) 7 8 7 6
aximum load (N) 637 169 741 326

longation at break* (mm) 16.1 18.5 29.2 21.6
tiffness (N/mm) 61 33 65 44
oung’s modulus (MPa) 35 13 34 25
*Ninety percent drop in peak load.
nterface.5,15-17 Several combinations have been re-
orted.5,15-17 Recently, a clinical study emphasized
he potential role of the different bundles in partial
CL rupture.18

Thus the purpose of our study was to investigate the
vents that take place during ACL failure. We aimed
o evaluate the behavior of the ACL as a composition
f multiple fibers, during uniaxial tension along the
igament. We hypothesized that the ACL is not an
sometric structure but, rather, that it is composed of
ifferent functional groups of fibers. Furthermore, we
ypothesized that the rupture pattern of the ACL dur-
ng uniaxial tension along the ligament is related to the
ehavior of its different groups of fiber bundles,
amely the AM and PL bundles.

METHODS

Ten fresh-frozen human cadaveric knee specimens
ere used in this study. Institutional review board

pproval was obtained from our institution for the use
f the specimens. The mean age of the donors was 74
ears (range, 44 to 88 years). There were 5 male
onors and 5 female donors. All details on the demo-
raphics of the tested specimens are presented in Table
. Knees that had evidence of previous operative treat-
ent were excluded. Specimens were wrapped in saline

olution–soaked gauze, double bagged in sealed polyeth-
lene bags, and stored at �20°C until 24 hours before
reparation and/or testing, at which time they were
hawed at room temperature.19 During unfreezing and
reparation, the specimens were kept moist with sa-
ine solution–soaked gauze. All cadaveric specimens
ere assessed physically for stability, and the joint

urfaces were inspected visually to ensure that no
ross abnormalities were present. In preparation for

longation at Break, Stiffness, and Young’s Modulus
pecimens

imen No.

Mean SD6 7 8 9 10

71 88 83 87 88 73.6 15.8
M F F M F
31 19 18 22 20 21.7 4.7

9 12 12 13 10 9.1 2.5
149 210 248 368 315 400.1 248.0

24.1 29.4 29.9 29.2 25.8 23.3 8.8
35 42 38 90 63 57.2 23.5
17 7 6 15 16 24.4 20.7
oad, E
ACL S

Spec
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44
M
29
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959ACL FAILURE PATTERNS UNDER UNIAXIAL TENSION
esting, all soft tissues were carefully removed except
or the ACL. The ACL was considered to have a
ylindrical shape with a circular cross section. To
easure the mean length and diameter of the ACL,

ach specimen was positioned on a horizontal table in
ull extension. The diameter of the ACL was mea-
ured at least at 3 points along the free length of the
CL (close to the femur, close to the tibia, and in the
iddle of the ACL specimen), and a mean value was

alculated. The maximum length between the femur
nd tibia was determined in 3 positions (anterior side,
osterior side, and lateral side of ACL), and a mean
alue was calculated. All dimensions were measured
ith a digital caliper and are shown in Table 1.

pecimen Fixation

A custom clamping device was designed and man-
factured (Fig 1) to ensure reproducible placement of
he tibial and femoral components of the specimens.
wFIGURE 1. Front and side view of custom clamping device.
he clamping device consisted of 2 clamps, 1 for the
emur and 1 for the tibia. In this study 1 set of
ransverse holes was drilled in the femur and 1 in the
ibia. The knee angle was measured with a digital
oniometer, and each knee was placed in 15° of flex-
on. The axis of the femur and tibia was placed in
ccordance with the ACL axis to avoid varus/valgus
nd torsion rotation variations. A set of pins was
laced through the femur and tibia to secure the femur
nd tibia, avoiding horizontal and vertical movement.
wo custom-made, square-shaped nuts were used as

asteners to secure the position and avoid rotation of
he femur and tibia around the pins. The current set-
ings were selected to serve as a model to examine the
ehavior of the different fiber portions in a specific
oading situation, where the tension is applied directly
o the ligament and equally among the ACL’s differ-
nt bundles.

esting

The biomechanical tests were conducted on an In-
tron 8801 servohydraulic machine (Instron, Nor-
ood, MA) with a maximum load �100 kN. For this

tudy, a 5-kN load cell was used. After mounting of
he specimen in the custom clamping device, the
lamps were attached, with one side (femur) attached
o the load cell of the testing machine and the other
ide (tibia) attached to the actuator of the materials
esting machine. The specimen was loaded from the
elaxed position up to failure at a displacement rate of
.5 mm/s. No pre-tensioning was applied to the spec-
men, because the fixation of the specimen in the
lamps allowed control of the alignment of the spec-
men with the loading axis. This resulted in a delay in
oad uptake, as recorded in the load-elongation curves.

A non-contact video extensometer, supplied by In-
tron, was used to monitor the displacement. Its use
llowed accurate measurement of ACL elongation,
ecause application of traditional contact extensom-
ters, such as mechanical clip-on extensometers or
train gauges, is not appropriate when one is examin-
ng soft-tissue specimens such as the ACL. The video
xtensometer consisted of a high-resolution digital
amera and advanced real-time image processing.
longation was measured by tracking contrasting
auge marks placed on the specimen. The gauge
arks were applied on the free length of the ACL

pecimen, and their initial distance was measured by
he extensometer software before testing. Failure was
efined as the complete rupture of the ligament or

hen the load on the ligament was below 90% of its
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960 N. K. PASCHOS ET AL.
aximum value (i.e., the ligament could carry only
0% of its maximum load). The previously described
rocedure allowed for the recording of the specimen’s
oad-elongation curves. The maximum load to failure
as defined as the point where a marked load decrease
as observed in the load-elongation curve. The stiff-
ess of the testing sample was determined by calcu-
ating the gradient of the linear portion of the load-
longation curve. Stiffness (k) is defined as follows:

k � �F/�L

here �F indicates load (in newtons) and �L indi-
ates elongation (in meters).

The modulus of elasticity, or Young’s modulus, was
alculated from the gradient of the linear portion of
he stress-strain curve by dividing the change in stress
��) (in newtons) by the change in strain (��) (in
quare millimeters). Young’s modulus (E) (in mega-
ascals) is defined as follows:

E��� ⁄ ��

Stress (�) (in megapascals) was calculated as fol-
ows:

� � F/A

here F indicates load (in newtons) and A indicates
ross-sectional area (in square millimeters).

Strain (�) was calculated as follows:

� � �L/L

here �L indicates elongation and L indicates initial
ength.

Three orthopaedic surgeons with experience in ar-
hroscopic reconstruction of the ACL evaluated the
pecimens separately. All surgeons were asked to dis-
inguish the 2 bundles of the ACL on the specimens
oth after soft-tissue removal and after fixation in the
nstron machine. Each surgeon marked the different
undles before testing based on their femoral and
ibial attachments.2 A separation of the bundles by
lunt dissection could potentially harm the ligament
nd alter the results of testing; therefore it was
voided.

With the use of 2 high-resolution high-speed digital
ameras (frame rate, 200 Hz), one monitoring the
xperimental process from the anterior aspect of the
nee joint and the other filming the posterior surface,
ach surgeon was asked to describe the macroscopic
esponse of the ACL during testing. Each surgeon
nvestigated the macroscopic responses from recorded
apes and had the opportunity to watch the sequences
epeatedly. The surgeons were blinded to each other’s

esults. They documented whether the rupture was a o
idsubstance tear of the ligament or an avulsion from
he tibial or femoral attachment of the ligament. Fur-
hermore, they indicated whether the tear involved
nly part of the AM or PL bundle or whether it
nvolved all the fibers comprising each bundle. The
equence of events was also reported. Subsequently,
ach surgeon, blinded to each other, performed an
nalysis of the video frames in relation to the changes
n the load-elongation curves to assess the behavior of
he different groups of fibers of the ACL during ten-
ion and rupture.

RESULTS

Figure 2 shows the load-elongation response of the
0 ACL specimens tested. The results are plotted in
eparate graphs to maximize the resolution of each
urve. The maximum load, elongation at break (or
0% drop in peak load), stiffness, and Young’s mod-
lus of each of the 10 ACL specimens are shown in
able 1. The different ACL specimens showed max-

mum load values varying between 149 and 838 N and
aximum elongation values between 16.1 and 29.9
m. The stiffness values varied between 33 and 101
/mm, whereas the Young’s modulus values ranged
etween 6 and 76 N/mm2. We observed that younger
pecimens had a higher load at failure and a higher
odulus of elasticity. Similar trends were observed in

he stiffness values, although in 2 cases (specimens 9
nd 10), quite high stiffness values did not coincide
ith a high modulus of elasticity or young donors.
All 10 ACL specimens responded in a ductile fail-

re manner, that is, they continued to deform after the
aximum load was achieved and failed after extended

lastic deformation occurred. No specimen showed a
onotonic response; thus in all cases the response of

he ACL was not monotonic. Three patterns were
bserved in the load-elongation curves. In the first
attern (A), the initial drop in load after reaching its
aximum value was followed by a plateau in the

oad-elongation curve (specimens 1, 2, 3, and 7). In
he second pattern (B), after the first peak, a second
eak in load was noted as the elongation increased
specimens 4, 8, and 10). In the third pattern (C), both
second peak and a plateau (specimens 5, 6, and 9)
ere observed. It is interesting to note that the load in

ome cases reached values comparable to its initial
aximum (specimens 4, 5, 6, 8, and 10) (Fig 2).
The macroscopic behavior of the ACL concerning

he different groups of fibers was documented by the
rthopaedic surgeons independently. The description

f the events for each specimen matched completely
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961ACL FAILURE PATTERNS UNDER UNIAXIAL TENSION
etween all 3 surgeons. Three different patterns of
CL failure were described. The first pattern involved
midsubstance tear of the AM bundle followed by a

ubsequent tear of the PL bundle (specimens 1, 2, 3,
nd 7). The second pattern involved a midsubstance
ear of the PL bundle first, followed by a tear of the
M bundle (specimens 4, 8, and 10). The third pattern

nvolved an avulsion of the tibial attachment of part of
he fibers of the AM bundle, followed by a midsub-

FIGURE 2. L
tance tear of the PL bundle, and lastly, a midsub- 3
tance tear of the remaining fibers of the AM bundle
specimens 5, 6, and 9).

The analysis of the video frames during testing
howed a direct connection between the aforemen-
ioned failure patterns (A, B, and C) and the sequence
f events. Examples of the 3 patterns, namely A, B,
nd C, and their correlation to the macroscopic se-
uence of events are depicted in Figs 3, 4, and 5 in
pecimens 7, 8, and 9, respectively. As shown in Fig

ngation curves of 10 ACL specimens tested.
oad-elo
, the tear of the AM bundle coincided with the initial
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FIGURE 3. Images of ACL failure
pattern A (specimen 7). (A) AM
(black arrow) and PL (white arrow)
bundles of ACL before loading. (B)
The ACL deforms with load appli-
cation. (C) Initiation of failure of
some of the AM fibers (black oval)
close to their femoral attachment
(red arrow). (D) Whereas the tear of
the fibers belonging to the AM bun-
dle progresses laterally (black cir-
cle), some of the fibers of the PL
bundle (white oval) begin to tear
(red arrow). (E) Both AM fibers
(black oval) and PL fibers (white
oval) are significantly torn. (F) Com-
plete failure of the ACL without
load ability. Graph: Load-elongation
curve indicating failure pattern A of
the ACL. A through F correspond to
the events during ACL failure as
shown in the photographs.
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963ACL FAILURE PATTERNS UNDER UNIAXIAL TENSION
IGURE 4. Images of ACL failure
attern B (specimen 8). (A) AM
black arrow) and PL (white arrow)
undles of ACL before loading. (B)
he ACL deforms with load applica-

ion. (C) Initiation of failure of PL
undle (white oval) close to femoral
ttachment (red arrow). (D) The fail-
re of the PL continues (white oval),
hereas there are some tears (red ar-

ow) visible in the AM bundle (black
ircle). (E) Both AM fibers (black
val) and PL fibers (white oval) are
ignificantly torn. (F) Complete fail-
re of ACL without load ability.
raph: Load-elongation curve indi-

ating failure pattern B of ACL. A
hrough F correspond to the events
uring ACL failure as shown in the
hotographs.
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FIGURE 5. Images of ACL failure
pattern C (specimen 9). (A) AM
(black arrow) and PL (white arrow)
bundles of ACL before load applica-
tion. (B) The ACL deforms with load
application. (C) An avulsion of the
tibial attachment of part of the fibers
(red arrow) of the AM bundle (black
circle) is the initial failure marked.
(D) Some fibers of the PL bundle
(white oval) begin to fail (red arrow).
(E) Whereas the tear at the tibial at-
tachment of the AM bundle and the
tear of the PL fibers continue to
evolve, a midsubstance tear (red ar-
row) of the intact AM fibers (black
oval) initiates. (F) Complete failure of
the ACL without load ability. Graph:
Load-elongation curve indicating
failure pattern C of ACL. A through
F correspond to the events during
ACL failure as shown in the
photographs.
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965ACL FAILURE PATTERNS UNDER UNIAXIAL TENSION
ecrease in the load-elongation curve. The load-
arrying ability of the PL band is depicted by the
ubsequent plateau in the load-elongation curve. The
econd failure pattern (B) is shown in Fig 4. The
igamentous tear of the PL band was shown by the
eclining part of the load-elongation curve. The load-
arrying ability of the AM bundle was depicted by a
econd peak in the curve. As shown in Fig 5, in the
hird pattern (C) the tibial avulsion occurring in
ome AM fibers was shown by the initial decrease
n the load-elongation curve. The load-carrying
bility of the PL bundle and that of the remaining
M fibers coincided with a second peak and a
lateau in the load-elongation curve, respectively.

DISCUSSION

Our hypothesis that the ACL acts as a multifiber
onstruction rather than a single-component structure
uring its elongation and its consecutive rupture was
onfirmed. Furthermore, the rupture pattern of the
CL during uniaxial tension along the ligament was

elated to the behavior of its different groups of fiber
undles.
In our study all ACL specimens showed a non-
onotonic response. If the ACL was behaving as 1

ingle fiber, then the rupture would translate into com-
lete monotonic failure of the specimen. The fact that
oad initially drops and then peaks up again leads to
he conclusion that the ACL acts as a multifiber con-
truction. The 3 different failure patterns shown in the
oad-elongation curve and their direct relation to the
acroscopic sequence of events during ACL failure

onfirmed our second hypothesis, because they sug-
est that the rupture of the different groups of fibers of
he ACL in a separate time mode could be responsible
or the final pattern.

Our results are in line with previously reported
esults. The diagram pattern found in our study shows
imilarities to the oscillographs presented by Noyes et
l.15-17 In these studies the decreased curves depicted
ere justified as successive failures that appear in an
npredictable fashion.15 However, the differences in
he diagram presented in our study and that of Noyes
t al.15 could be explained by the fact that our study
sed cadaveric human knees whereas the results from
heir study were based on an animal model.

The macroscopic failure patterns shown in our
tudy have also been reported in previous studies.20,21

midsubstance pull-apart failure of the ligament and
n avulsion of the ligament at the insertion site to the

emur or the tibia are the most commonly described w
CL failure modes. A minor to major avulsion frac-
ure of bone at the insertion site has also been re-
orted. More rarely, a failure through the fibrocarti-
aginous attachment site at the bone-ligament interface
as been described.21,22

According to the obtained descriptions, some fibers
ere failing initially, whereas the intact fibers had a

emaining load potential. This was illustrated either by
plateau in the diagram or by a second peak. Despite

he fact that the AM and PL bundles acted as separate
tructures, the rupture of the one structure allowed the
ther to operate under load; therefore, we presume
hat the different bundles act synergistically with each
ther. Further tensioning of the ACL results in rupture
f the intact fibers and a consequent inability to with-
tand load. On the basis of these observations, we
resume that the setting described previously, with
ncomplete failure of the ligament, represents the pre-
iously described condition of partial rupture of the
CL. Although partial rupture of the ACL has been
ocumented frequently in the literature, either as an
rthroscopic finding23,24 or based on a magnetic
esonance imaging (MRI) reading,25,26 it was only
ecently that the rupture pattern related to the 2
unctional bundles was evaluated in a clinical
tudy.18 A partial ACL rupture in 25% of patients
ndergoing ACL reconstruction based on clinical
riteria was reported.18 The failure pattern of the
CL was different among these patients, with 44%
f the AM and PL bundles not being ruptured at the
ame level. Furthermore, the PL bundle was intact in
2% of the patients. These results can imply a differ-
nt mechanism of failure of the 2 bundles.18 Although
he role of MRI in the diagnosis of ACL failure is well
stablished,27 it was only recently that different ACL
upture patterns were shown by use of a 3-T MRI
echnique.28

Although certain patterns of failure were detected
oncerning the role of the different groups of fiber
undles, significant differences in maximum load and
longation values were obtained between the different
pecimens. Furthermore, as described in the “Results”
ection, we observed that specimens aged over 65
ears had a lower maximum load and lower modulus
f elasticity, which is in accordance with previous
esults on the effect of age on the tensile properties of
he ACL.5,17 Data on linear stiffness, energy absorp-
ion, and ultimate load for the human femur-ACL-
ibia complex have shown the contribution of age and
ngular orientation of the complex to its mechanical
erformance.5 It should be noted, however, that there

as no direct correlation between these parameters
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966 N. K. PASCHOS ET AL.
nd the observed failure patterns.5,17 Although it is
enerally accepted that structural properties of the
CL decrease with advancing age, controversy exists

n relation to the effect of age on failure pattern. Some
tudies have reported a higher incidence of ligament
ailure in specimens from young donors and a higher
ncidence of avulsion ACL failure in specimens from
lder donors,17 whereas other studies reported that
lder specimens had a higher incidence of substance
ailure than younger specimens.5 The importance of
train rate with regard to failure mode has also been
ighlighted, with the tibial avulsion fracture pattern be-
ng more frequent in cases of a slow rate and ligament
ailure being the leading mode in cases of a fast rate.15

ur strain rate of 1.5 mm/s is within the strain rate range
hat has been used in similar models,5,15-17 and it was
elected to allow observation of the sequence of events
uring uniaxial loading. An evaluation of the correlation
f different biological, mechanical, and physical factors
ith each bundle’s performance was beyond of the aims
f this study. Furthermore, the number of specimens was
elatively small to make safe conclusions.

On the basis of our findings, our future directions
nclude an experimental model to simulate the clinical
onditions during ACL rupture. Multiple high-speed
ideo cameras placed at different angles used in real time
re needed to evaluate the relation of the rupture pattern
ith the several combined knee motions that have been

onsidered causative mechanisms of ACL failure.
Our study contains certain limitations. It uses a
odel of tensile testing that is different from the
echanical condition of the ACL during the proposed

njury mechanisms. Numerous combined knee mo-
ions have been considered causative mechanisms of
CL rupture.29 ACL rupture can result from either a
oncontact event, such as deceleration during a jump
anding, a sudden change in direction, or forward
unning with the knee close to full extension, or a
ontact event where the knee is forced into valgus
ollapse.30,31 However, this knee motion seems to lead
o ACL failure due to the tensile forces applied to
t.32,33 The abrupt deformation of the ACL due to
xtension, flexion, rotation, or varus/valgus of the
nee in combination with a pre-deformed ACL results
n failure of the ACL under tensile conditions.32,33 It
as been shown that at knee flexion of 15°, the AM
nd PL have similar in situ force distributions.8 There-
ore we presume that the rupture occurring would
epend on the mechanical properties of the ACL fi-
ers. It was not the goal of this study to reproduce the
umerous clinical situations that lead to ACL failure.

ur model was used to study the behavior of the fibers 1
f the ACL under uniaxial loading. The loading axis
oes not correspond to the force acting on the ACL
uring a typical knee trauma; therefore, the failure
odes of this study will not be observed in patients

fter typical knee trauma. Furthermore, given the
mall number of specimens, it is unsafe to make any
onclusions concerning the etiology of the 3 differ-
nt failure patterns shown. The mean age of the
pecimens was older than the mean age of patients
ho undergo ACL rupture. Evaluation of the results

hould take into consideration the potential biolog-
cal changes to the ACL occurring with advancing
ge and withdrawals associated with postmortem
hanges to the specimen.

CONCLUSIONS

The ACL ligament acts as a multifiber construction.
n our setting rupture follows 3 specific patterns where
complete or partial tear of the fiber bundles occurs
rst and the remaining intact fiber bundles have a
otential load resistance.
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