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Abstract Our study was aimed to advance the currently
limited knowledge about differences in the biological
remodeling of free soft-tissue tendon allografts and auto-
grafts for ACL reconstruction. Allogenic and autologous
ACL reconstructions were performed in a sheep model
using the flexor digitalis superficialis tendon. After 6, 12
and 52 weeks the animals were sacrificed. We analyzed the
collagen crimp formation and its relationship to expression
of contractile myofibroblasts in both graft types. Addi-
tionally, structural properties and ap-laxity were compared
during biomechanical testing. At 6 weeks only descriptive
differences were found between autografts and allografts
with a more organized crimp pattern and myofibroblast
distribution in autografts. Significant differences in myo-
fibroblast density and crimp formation were found after
12 weeks. At these early stages, the progress of remodeling
in autografts was more advanced toward the central areas
than in allografts. At 1 year, grafts in both study groups
returned to an ACL-similar structure. Structural properties
and ap-laxity did not vary significantly between auto- and
allografts at early healing stages. However, at 52 weeks,
failure loads, stiffness and ap-drawer test showed superior
values for autograft ACL reconstruction. Extracellular
remodeling of allografts develops slower than in autografts.
Therefore, rehabilitation procedures will have to be adap-
ted according to graft and patient selection. Postoperative
treatment regimens from autograft primary ACL
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reconstruction should not be directly transferred to allo-
graft ACL reconstructions.
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Introduction

Currently, the reconstruction of the anterior cruciate liga-
ment (ACL) is the most common reconstructive procedure
in orthopaedic practice [42]. The autologous patella tendon
is still considered the graft of choice in many practices due
to its osseous fixation methods. However, hamstring ten-
dons and especially the semitendinosus tendon have gained
increasing popularity in recent years as a graft alternative
due to the reduced harvest morbidity [6, 36] and signifi-
cantly improved fixation techniques.

Regardless of the graft type, autograft harvest is asso-
ciated with varying degree of morbidity [44], which
negatively impacts postoperative rehabilitation or may
even limit full recovery after ACL reconstruction. There-
fore, avoiding such morbidity by using allograft tissue
might positively affect post operative rehabilitation. Fur-
ther, some authors reported that improved cosmesis,
reduced surgery and rehabilitation time, which are sug-
gested to result into cost reduction, have been associated
with allograft use for ACL reconstruction [4]. Due to these
advantages, the demand for allografts has significantly
increased in recent years, especially in the Anglo-American
world [39]. However, there is an ongoing discussion about
possible differences in the healing behavior between allo-
graft and autograft ACL reconstructions, and whether these
differences have clinical relevance, e.g. the post operative
rehabilitation or time to return to full weight bearing.
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The existing literature on comparison of auto- and al-
lografts has shown contradictive results [17, 19, 32, 35].
There is only a very limited number of clinical studies that
prospectively compared the outcome of autologous with
allogenic ACL graft reconstruction [2, 28, 30]. The
majority of studies examined only the clinical outcomes of
allograft reconstructions with no control group available
[15, 26, 33, 41]. It is difficult to directly compare these
studies since they used different methods to evaluate the
outcomes (choice of grafts, patient selection, primary vs.
revision surgery, non-aggressive vs. aggressive rehabilita-
tion). It also must be considered whether graft sterilization
was conducted, since current sterilization techniques have
been shown to negatively affect the biological healing and
mechanical properties of the graft [5, 7, 17]. Non-sterilized
allografts are currently considered to be the graft of choice
due to the lack of inherent disadvantages of current ster-
ilization techniques [29].

It is also important to note that basic science as well as
clinical studies have exclusively focused on the patella
tendon graft [1, 10, 17, 18, 25]. Furthermore, our literature
search could not find any comparison studies of bone block
free soft tissue grafts in primary ACL reconstruction. Also,
little information is available on the time dependent
changes of graft remodeling of allografts in comparison to
those of the autologous tissues.

Recently, myofibroblasts have been identified as an
important player for the reorganization of extracellular
matrix during early tendon remodeling [23, 43]. However,
until today, myofibroblast expression in allograft ACL
reconstruction has not been examined. Possible differences
in the restoration of the extracellular graft matrix between
allo- and auto-grafts could yield direct consequences for
how rehabilitation should be carried out following allograft
ACL reconstruction.

The aim of this study was to analyze the extra cellular
remodeling of autologous and allogenic non-sterilized bone
block free soft tissue grafts in a sheep model and their
biomechanical properties during the course of healing. We
hypothesized that the remodeling of allogenic ACL grafts
would show a time delay compared to that of the auto-
logous ACL reconstruction.

Material and methods

In this study, 54 mature female merino-mix sheep under-
went ACL reconstruction. The sheep were randomly
divided into two groups: half of the animals underwent
autologous ACL reconstruction and the other half received
allogenic non-sterilized fresh frozen free soft tissue grafts
(tendon of m. digitalis superfecialis; Fig. 1). Allogenic
flexor tendons were harvested one week earlier from

different sheep not involved in this study. Allografts were
fresh frozen at —80°C and thawed at room temperature
directly prior to the surgery.

The contralateral intact ACL of the 52 week specimens
and native flexor tendons grafts of identical breed of sheep
taken from a different study were used as controls.

All animal procedures were conducted according to the
guidelines of the National Institute of Health for the use of
laboratory animals. All animals were checked for bony
maturity and normal health status by a veterinarian doctor.

Prior to surgery, anesthesia was induced with intrave-
nous application of 20 mg/kg thiopental-sodium and,
following intubations, maintained with isoflurane and
nitrous oxide throughout the surgical procedure. Each
animal received 0.5 mg fentanyl for intra-operative anal-
gesia and 2.2 g amoxicillin clavulanate for perioperative
antimicrobial prophylaxis. Each left hind limb was shaved
and prepared in a standardized sterile fashion.

Surgical technique

The tendon of the superficial flexor digital muscle was
harvested from each left hind limb as a free soft-tissue
graft, providing a 68 cm long and 7 mm wide transplant.
Each graft end was augmented with two No.2 Ethibond
Excel polyester sutures (Ethicon, Inc.) in a whipstitch
technique.

Following graft harvest, an open ACL reconstruction
was performed on each left hind limb (Fig. 1). The joint
was opened by a medial arthrotomy. Following transsec-
tion of the medial patellofemoral ligament (and
reattachment during closure of the knee joint) and a small
incision of the M. vastus lateralis, the patella was lateral-
ized and the knee joint flexed. For better visualization a
small part of the Hoffa fat pad was excised. The ACL was
removed and its insertion site was identified and carefully
debrided. In deep flexion, a guide pin was introduced into
the femoral footprint of the ACL and overdrilled at a length
of 20 mm to the diameter of the prepared graft. The graft
was pulled into the tunnel and fixed at the femoral cortex
with a fixation button (Flipptack®, Fa. Storz GmbH). The
tibial tunnel was also prepared in an inside-out technique,
where a guide-pin was placed at the center of the tibial
footprint of the ACL and then overdrilled to the graft
diameter. The graft was pulled into the tibial tunnel and a
bone bridge was created approximately 1 cm distally from
the tibial tunnel exit (Fig. 1).

The knee joint was then manually moved through ten
cycles of maximum flexion and extension and final graft
fixation was achieved by multiple knots onto the bone
bridge at 30° of flexion under maximum manual tension.
After relocation of the patella and re-fixation of the medial
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Fig. 1 ACL reconstruction
technique with femoral cortical
suture-button and tibial suture-
bone bridge fixation of a free
soft-tissue tendon graft (tendon
of the flexor digital superficial
muscle)

Bone Bridge Fixation

patellofemoral ligament, the joint capsule and the respec-
tive soft-tissue layers and skin were closed. Several sterile
bandages were used for wound protection.

Animals were euthanized at 6, 12 and 52 weeks post
operatively. Each group consisted of nine animals, in
which seven underwent biomechanical testing and histo-
logical analysis and the remaining two animals were only
assessed histologically.

First, the ACL reconstructed knee joint underwent bio-
mechanical testing. Following failure testing, tissue from
undamaged, intra-articular graft regions away from the
rupture site, were harvested and longitudinal sections were
embedded in paraffin. Intact contralateral knee joints and
time-zero reconstructions were used as controls.

Immuno-histochemistry

To our knowledge, this is the first time that the autografts
and allografts are compared by immuno-histochemical
assessment of myofibroblast expression. These cells con-
tain an isoform of actin, ¢-smooth-muscle Aktin (ASMA),
which can be stained by a monoclonal antibody. Longitu-
dinal sections embedded in paraffin were exclusively used
for this analysis. All serial sections were mounted on slides
and then deparaffinized, hydrated and pretreated with 0.1%
protease (protease type XIV; Bacterial, Sigma-Aldrich,
Steinheim, Germany). Immuno-histochemical staining of
myofibroblasts was performed using a technique previously
described in detail by Unterhauser et al. [38].

To avoid non-specific binding of the antibody, sections
were briefly blocked with 10% normal horse serum (Vector

@ Springer

Endobutton

Laboratories, Burlingame, CA, USA). Mouse anti-human
ASMA monoclonal antibody (cat. no. MO0851, Dako,
Glostrup, Denmark) was applied, followed by tissues
incubation with biotinylated horse anti-mouse IgG sec-
ondary antibody (Vector Laboratories). Slides were then
incubated with an avidin-biotin complex (ABC kit; Vector
Laboratories) linked with alkaline phosphatase as a repor-
ter enzyme. Staining was visualized using neufuchsin as a
chromogen. Finally, the sections were briefly counter-
stained with methylene green, dehydrated, and mounted in
a xylolsoluble mount (Vitro-Clud, R. Langenbrinck, Em-
mendingen, Germany). Samples were incubated with TBS
buffer on each slide to monitor for non-specific staining.
Myofibroblasts were morphologically differentiated from
pericytes that are typically found in vascular structures.
These cells vary by their cell shape, the aforementioned
proximity to vessels, and show a different distribution
between matrix fibers.

Quantification of myofibroblast density was conducted
on longitudinal sections using a digital video analysis
system (KS 400 3.0, Carl Zeiss AG).

Polarization microscopy

In this study, polarization microscopy was used for
assessment of collagen tertiary structure, e.g. its alignment
and orientation. Collagen consists of long parallel running
string molecules, which appear anisotropic in a polarization
microscope. Collagen bundles usually display a wave-like
structure, where wave frequency is defined as the collagen
crimp.
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Collagen crimp frequency (per mm) was calculated with
customized software by using a standardized calibrated
scale in ten regions of interest in longitudinal graft sections
that were also used for myofibroblast quantification.

Biomechanical testing

Two testing conditions were applied during biomechanical
analysis. First, anterior—posterior (ap) laxity was measured
with all soft-tissue structures left intact. This was followed
by a load-to-failure test of the femur-ACL graft-tibia
complex. Prior to mechanical testing, all muscle was dis-
sected from the femoral and tibial bones, which were
potted in polymethyl-methacrylate and placed in aluminum
clamps on the mechanical testing machine (Modell 1455,
Fa. Zwick GmbH).

Anterior—posterior laxity was measured at 60° of flex-
ion. After application of a 5 N preload, ten ap drawer
cycles between +50 N to —50 N were performed at a
cross-head speed of 2.5 mm/s. Final data analysis was
drawn from the tenth cycle.

Prior to load-to-failure testing, graft cross-sectional area
was calculated with a micrometer according to the tech-
nique by Ellis [9]. The knee was again mounted onto the
material testing machine at 30° of flexion with the graft’s
longitudinal axis being aligned in the direction of loading
(Fig. 2). After a preload of 5 N, failure testing was per-
formed at a cross-head speed of 2.5 mm/sec. Failure load
and stiffness (calculated between 30 and 90% of failure
load) were recorded and analyzed with in-house software.

Statistics

The analysis of data for normal distribution using Kol-
mogorov-Smirnov test showed that the data in our study
were not normally distributed. Therefore, a non-parametric
test, the Mann-Whitney-U-rank sum-test was applied for
statistical comparison of the data in the respective study
groups. Level of significance was set at P < 0.05.

Results

One animal was lost directly following surgery. Autopsy
by an in-house veterinarian doctor could not reveal cause
of death. Two animals had to be excluded from the study
because of one knee infection and one chronic effusion that
prevented restoration of normal gait until three month after
surgery. One animal suddenly died at 6 months post-sur-
gery. Autopsy showed a Salmonella infection with massive
liver infiltration. All animals were replaced by an appro-
priate number of sheep to maintain equal group sizes.

Fig. 2 Experimental setup for biomechanical analysis of structural
properties from load-to-failure testing. The graft is aligned parallel to
the load application direction

Myofibroblasts expression

At 6 weeks, we did not find significant differences in
myofibroblast density between auto- and allograft ACL
reconstructions, even though increased numbers were
found in the autograft group (Figs. 3, 4). However, at
12 weeks myofibroblast density continued to increase with
now significantly higher values in the autograft group
(P < 0.05; Fig. 3). At 52 weeks, absolute values for
myofibroblast density decreased and statistical differences
between both groups disappeared.

Allografts showed a continuous increase in myofibro-
blast density during the postoperative course of 52 weeks,
while autografts showed a peak at 12 weeks with a sub-
sequent decrease at 52 weeks. During early healing cellular
distribution was very irregular. The descriptive analysis at
6 weeks showed an influx of cells from proximal and distal
as well as from the synovial sheets of the graft. Overall
cellular distribution was more irregular in the allografts
compared to the autograft reconstructions at 6 and
12 weeks of healing. As the time went on, cellular distri-
bution became more regular along all graft regions. Also,
cell shape changed from spindle-like cells as they are
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Fig. 3 Myofibroblast density
was significantly different
between study groups at

12 weeks only. In allografts a
continuous increase in cell
density was seen during healing
time, while a decrease was
found in autografts from 12 to
52 weeks postoperatively.
(mean + SD, “+” significantly
different from native flexor
tendon grafts, P < 0.05)
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Fig. 4 Myofibroblast a
expression in 6 week

specimens. Autograft (a),

allograft (b): myofibroblasts

migration from the periphery

towards the acellular center of

the graft (ASMA-stain, x20)

predominantly found in native flexor tendon grafts to ovoid
cell morphology, typically found in the native anterior
cruciate ligament [8].

Polarization microscopy

No significant differences in crimp frequency were found
between the study groups during early healing at 6 weeks.
There was a significantly larger crimp length in the auto-
graft group at 12 weeks. At one year postoperatively,
differences in crimp length disappeared, showing similar
values in the allografts and autografts (Fig. 7).
Time-dependent changes were consistent in the auto-
graft group with a continuous decrease in crimp length
until 52 weeks, while there was a slight, but not significant
increase in allograft crimp length from 12 to 52 weeks of
healing. Both study groups showed a significantly larger
crimp length compared to the intact ACL at 6 and
12 weeks, with no differences at 52 weeks of healing.
Descriptive analysis of the extracellular matrix revealed a
very non-homogeneous structure throughout all graft regions
at 6 weeks in both groups (Fig. 5). At 12 weeks, crimp
alignment became more homogeneous at the periphery and is
slowly reorganized towards the center of the graft (Fig. 6). It
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is not until 52 weeks that a distinct organization in longitu-
dinal septums could be seen in the graft tissues. However,
since crimp length continued to vary substantially even after
one year in the respective graft tissues, a full restoration of
the organization of the extracellular matrix as seen in the
native ACL was not achieved (Fig. 7).

Biomechanical analysis

No significant differences were seen in ap laxity between
the study groups at 6 weeks of healing (allografts
5.7 £ 1.6 mm, autografts 5.6 £ 2.1 mm). Failure testing
also showed no significant differences in the structural
properties at this time point (Fig. 8a, b). All grafts in both
groups failed by tunnel pullout.

Similar observations were made at 12 weeks (Fig. 8a, b).
Six out of seven allografts and five out of seven autografts
failed by intraligamentous graft rupture and the remaining
one allograft and two autografts by tunnel pullout.

However, at 52 weeks, autograft reconstructions showed
a significantly smaller ap-laxity (allografts 5.2 4+ 1.3 mm,
autografts 3.9 & 1.1 mm), significantly higher failure
loads and stiffness (Fig. 8). All grafts in either group failed
by intraligamentous rupture.
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Fig. 5 Collagen-crimp at

6 weeks, autografts (a),
allografts (b): the regular
organization of the extracellular
matrix (ECM) is completely
lost. Allografts showed a more
non-homogenous ECM than the
allografts (x20)

Fig. 6 Autografts after 12 weeks; (a) conventional microscopy
picture of ASMA-stain, (b) identical region under polarized light.
Cells align along the collagen matrix, infiltrating from the synovial

Fig. 7 Crimp frequency

membrane into the graft tissue. It shows a relationship between the
myofibroblasts with crimp formation. Large acellular regions can be
found next to hypercellular areas (x10)

Collagen Crimp Length
%

o . [um]
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(mean + SD, “filled circle” 200 -
significantly different from the
native ACL, P < 0.05) 150 4
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In the autograft group we observed a significantly higher
failure load (P < 0.05) and increased stiffness at 12 weeks
compared to 6 weeks of healing, while there were no sig-
nificant differences at these time points in the allograft group.
Even after 52 weeks, only a slight increase in the allograft
structural properties could be observed. In contrast, we found
a significant improvement of the structural properties at the
same time point in the autograft group (Fig. 8).

Neither ap-laxity (1.84 £ 0.53), nor structural proper-
ties of the intact ACL (failure load 1670.5 £ 375.6 N,
stiffness 173.0 & 19.6 N/mm) were fully restored in either

Autograft Allograft
6 weeks

it

Allograft
52 weeks

Autograft Allograft Autograft

6 weeks 12 weeks 12 weeks 52 weeks

group at 6, 12 or 52 weeks. Autografts retained a failure
load of 38% and stiffness of 67% of the intact ACL
compared to 18 and 38% respectively, at 1 year postop-
eratively (Fig. 8).

Discussion
Even though allografts continue to see an increasing

demand and use in primary and revision ACL reconstruc-
tion, concerns have been raised whether the biological
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Fig. 8 Autograft structural properties increase more significantly
than in allograft ACL reconstructions during the course of 52 weeks
of healing. At 52 weeks significant differences can be found between
auto- and allografts. (mean £+ SD, P < 0.05)

behavior of allografts during the healing period will match
that of the autografts.

Current literature shows inconsistent findings. Even
though there is an increasing trend to use free tendon
grafts, such as tibialis anterior or hamstring tendons, rather
than bone- tendon-bone grafts, almost all authors exclu-
sively analyzed the patellar tendon-bone graft [3, 10, 11,
13, 17-20, 25, 31]. There are no available data in the
current literature that analyzed the healing behavior of free
soft-tissue tendon allografts and there is a lack of in-vivo
animal studies that have a sufficient number of specimens
to allow for statistical comparison of biological properties
during graft healing.

Hence, it was our aim to conduct a statistically sound
study that compares the healing phases between bone-
block free soft-tissue autografts and fresh-frozen non-
sterilized allografts in a sheep model of ACL
reconstruction.

To our knowledge, it is also the first time that an
immuno-histochemical analysis of myofibroblast expres-
sion was conducted in allografts. These cells have been
identified in the intact and ruptured human ACL and were
postulated to be at least partially responsible for the
crimping of the collagenous fibers [23]. Weiler et al.
identified myofibroblasts in the healing ACL graft in sheep
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[43] and showed that these cells significantly affected the
remodeling behavior of their grafts by exerting a contrac-
tile force onto the extracellular matrix [12, 21, 22].
Therefore, these cells can be considered as a possible
indicator for the ligamentization process.

In the present study, overall remodeling activity of the
autografts differed from allografts. While no substantial
differences could yet be found quantitatively at 6 weeks,
the most pronounced variations were found in histological
analysis descriptively and quantitatively at 12 weeks
among both graft types. There was a significantly higher
expression of myofibroblasts and a faster restoration and
improved organization of collagen crimp in the autograft
reconstructions. Contrary to previous reports for autografts
[43], we did not find an association between increased
myofibroblasts density and tissue contraction, but observed
a significantly longer collagen crimp in the autografts at
12 weeks. This might be explained by the intense remod-
eling activity of this early healing phase with the loss of
extracellular matrix composition and alignment. It might
not be until subsequent time points, when the ligamenti-
zation process with the restructuring of extracellular and
cellular components progresses that a direct correlation of
collagen crimp and myofibroblasts density could be seen.

The varying changes of myofibroblast expression and
crimp pattern among both graft types did not affect
structural properties of these grafts until one year postop-
eratively. Only at this time point significant higher failure
loads and stiffness values as well as decreased ap-laxity
were seen in the autografts. On the other hand, the
substantial differences in histological appearance present in
the early healing phase diminished.

Even though we did not see full restoration of the graft
morphology to the level of the intact native ACL, the
typical process of ligamentization with adaptation towards
an ACL-like structure was detected. Statistically, no sig-
nificant differences could be found for collagen crimp in
either group compared to the native ACL at 52 weeks.
Still, no conclusions can be drawn from this study, whether
graft maturation progresses beyond 52 weeks of healing
and if allografts will become indistinguishable from auto-
grafts at later time points.

It is interesting to note that findings reported in the
existing literature disagree with some of our results. For
example, other authors did not find slower time-dependent
changes in remodeling of ACL allografts [25, 31]. Shino
et al. even indicated a possible superiority of allografts due
to the lack of harvest site morbidity seen with autograft use
[34]. In a dog model, the same authors did not find any
significant disadvantages in allografts as a replacement for
the ACL [32]. Possible explanations for these discrepancies
may lie in the differences in the experimental methodol-
ogy. Shino et al. used BPTB allografts and analyzed them
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at 3, 6, 15, 30 and 52 weeks. Autograft controls only
existed for the 30 week group with no controls examined at
early time points, when differences were detected in our
study. Therefore, no conclusions can be drawn from this
study concerning possible differences in time-dependent
changes of auto- and allografts. Also, only descriptive
histological and no quantitative analyses were performed,
from which Shino concluded complete maturity of allo-
grafts at 52 weeks.

The majority of in-vivo animal studies confirmed earlier
biological healing for autograft tissue. Jackson et al. found
more substantial differences and increased inflammatory
response with allograft ACL reconstruction compared to
the intact ACL than with autografts at 6 weeks in a goat
model [17]. Adequate statistical comparisons, however,
were limited due to the low number of specimens (two per
group) for histological and electron-microscopic analyses
of their BPTB grafts. They found histological maturity of
the allografts at 6 months of healing, while, in our study,
allografts were only partially mature at 52 weeks. Biome-
chanically, the authors also observed that varying
remodeling dynamic at early healing was associated with
significantly reduced mechanical properties of the allo-
grafts at late time points of 6 months. This agrees with our
findings at 52 weeks. This phenomenon might be explained
by the fact that in our and Jackson’s studies animals were
full weight bearing during the early post-operative period
(from the second postoperative weeks on), which coincides
with the most vulnerable healing phase in allografts, and
eventually results in impaired mechanical strength at later
time points. These findings suggest that auto- and allograft
ACL reconstructions should undergo different rehabilita-
tion protocols customized to their healing phases to ensure
long-term stability. This would be especially important to
take into consideration since there is an increasing trend to
use allografts in primary ACL reconstruction, where
aggressive rehabilitation protocols are used and the lack of
harvest site morbidity would even allow for shorter
recovery time to return to full function compared to that in
autografts.

Several clinical studies that compared autograft and
allograft ACL reconstructions found increased failure rates
[37], a higher incidence of pivoting [27, 30], and an
increased anterior knee laxity when allografts were used
[28, 40]. All authors used bone-block allografts, either
BPTB or Achilles tendon.

A large clinical study of 268 patients by Gorschewsky
et al. [10] found significantly higher re-rupture rates and
increased anterior and rotational laxity in patients who
received allograft ACL. Substantial harvest site morbidity
was observed in the autograft group. In addition to the
clinical examinations, 4 autografts and 14 allografts were
available for histological analyses when respective patients

underwent revision surgery after 5-20 months. Allografts
showed reduced incorporation and less maturity of intra-
articular graft portions. It is important to note that Gors-
chewsky et al. used allografts that underwent low dose
gamma irradiation for sterilization prior to ACL recon-
struction, which might have played a contributing role in
their findings.

Yet, many published studies did not find any differences
in the clinical outcome between autograft and allograft
ACL reconstructions [2, 16, 19, 26]. However, these
studies either compared revision ACL surgeries [27] or
opted for non-aggressive rehabilitation protocols [11, 16,
26]. There is only one recently published study that pro-
spectively examined primary auto- and allograft ACL
reconstruction with aggressive rehabilitation and did not
find significant differences in long-term stability and clin-
ical outcome [2].

It is important to mention the limitations inherently
present in our study as in any other study that uses an
animal model. Even though the sheep has been shown to be
an acceptable large animal model for analysis of ACL
reconstruction, thanks to its anatomical and functional
similarities with humans, results cannot be fully transferred
to the human patient [14, 24]. Particularly, metabolic
processes vary substantially between animals and humans,
as it has been shown with faster wound healing in sheep.
This might also affect the time-dependent changes of graft
remodeling. Also, a standardized post operative rehabili-
tation with control for time of return to full weight bearing
and restoration of motion, proprioception and function
cannot be carried out in an animal model as it is usually
done with human patients. Therefore, co-founding vari-
ables exist that might have had an impact on the
differences between auto- and allografts in our study.
Future studies will have to be designed to address and
control for these factors, so that adaptations of postopera-
tive rehabilitation might compensate for the delayed
remodeling, found in allografts.

Conclusion

In this study, free soft-tissue allografts showed delayed
remodeling of their extra-cellular matrix compared to
autografts in ACL reconstruction. At 1 year postopera-
tively, autograft extra cellular morphology approached the
intact ACL, while allografts displayed a lesser degree of
graft maturity. The main differences between both graft
types were observed during early healing, which resulted in
significantly reduced mechanical properties at 1 year, when
early weight bearing was tolerated.

Our results might have important clinical implications.
It could be assumed that due to the delayed and prolonged
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remodeling activity of allografts in ACL reconstruction

early weight

bearing might compromise long-term

mechanical stability. The rehabilitation protocols for the
patients who receive an allograft ACL should not be
directly transferred from autograft reconstructions, but
rather be specifically tailored to the graft type, healing time
and the patient activity level.
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