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Effect of Implanting a Soft Tissue
Autograft in a Central-Third
Patellar Tendon Defect:
Biomechanical and Histological
Comparisons
Previous studies by our laboratory have demonstrated that implanting a stiffer tissue engi-
neered construct at surgery is positively correlated with repair tissue stiffness at 12 weeks.
The objective of this study was to test this correlation by implanting a construct that
matches normal tissue biomechanical properties. To do this, we utilized a soft tissue patel-
lar tendon autograft to repair a central-third patellar tendon defect. Patellar tendon auto-
graft repairs were contrasted against an unfilled defect repaired by natural healing (NH).
We hypothesized that after 12 weeks, patellar tendon autograft repairs would have biome-
chanical properties superior to NH. Bilateral defects were established in the central-third
patellar tendon of skeletally mature (one year old), female New Zealand White rabbits
(n¼ 10). In one limb, the excised tissue, the patellar tendon autograft, was sutured into
the defect site. In the contralateral limb, the defect was left empty (natural healing). After
12 weeks of recovery, the animals were euthanized and their limbs were dedicated to bio-
mechanical (n¼ 7) or histological (n¼ 3) evaluations. Only stiffness was improved by
treatment with patellar tendon autograft relative to natural healing (p¼ 0.009). Addition-
ally, neither the patellar tendon autograft nor natural healing repairs regenerated a nor-
mal zonal insertion site between the tendon and bone. Immunohistochemical staining for
collagen type II demonstrated that fibrocartilage-like tissue was regenerated at the
tendon-bone interface for both repairs. However, the tissue was disorganized. Insufficient
tissue integration at the tendon-to-bone junction led to repair tissue failure at the insertion
site during testing. It is important to re-establish the tendon-to-bone insertion site because
it provides joint stability and enables force transmission from muscle to tendon and subse-
quent loading of the tendon. Without loading, tendon mechanical properties deteriorate.
Future studies by our laboratory will investigate potential strategies to improve patellar
tendon autograft integration into bone using this model. [DOI: 10.1115/1.4004948]
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Introduction

Tendon injury represents a significant clinical challenge in
orthopaedic and sports medicine. While treatments such as direct
repair and autograft or allograft replacement are viable options, the
occurrence of re-rupture and post-operative complications is often
high [1–6]. As injury rates rise and the number of primary recon-
structions increases, the need for revision surgery is likely to
increase as well [7]. These issues present a clear need to improve
traditional tendon repair strategies.

Currently, multiple strategies are being studied to enhance ten-
don repair. One strategy is treatment with growth factors [8–12].
Despite the positive result of increasing repair tissue structural
properties relative to untreated and/or sham controls [8,10–12],
growth factor treatments appear to promote large amounts of poor
quality scar tissue rather than regenerated tendon [9,10]. Another
approach is to augment repairs by reinforcing sutures with various
biologic scaffolds (i.e. CuffPatch [Arthrotek, Warsaw, IN],
Restore [Depuy, Warsaw, IN], etc) [13–15]. Augmentation grafts
increase suture fixation strength compared to un-augmented
repairs and the biochemical composition of the grafts is similar to

that of tendon [14]. However, the discrepancy between elastic
moduli of grafts and native tendon limits their mechanical role in
augmenting tendon repair [13]. To offer both a biological and me-
chanical component to tendon repair strategies, researchers are
developing tissue engineered constructs (TECs).

Our laboratory has focused on TECs composed of collagen-
based scaffolds and mesenchymal stem cells (MSCs) to repair ten-
don defects [16–21]. When implanted into a central-third patellar
tendon (PT) defect in the rabbit, mechanically stimulated MSC-
collagen sponge TECs produced 12-week repairs that matched the
tangent stiffness of normal patellar tendon up to 32% of failure
force or 50% greater than the loads and displacements required for
normal activities of daily living [18]. Additionally, paired in vitro-
in vivo studies found that in vitro TEC stiffness was significantly
and positively correlated with repair tissue stiffness 12 weeks after
surgery [18,19]. Our results suggest that repairing a central-third PT
defect with a stiffer implant will promote a better repair outcome.

To examine if further increases in implant stiffness would con-
tinue to enhance tendon repair, we filled the central-third PT
defect with a TEC that matches normal tissue biomechanics, the
soft tissue patellar tendon autograft (PTA). We hypothesized that
after 12 weeks of recovery, the PTA would produce repair tissue
with biomechanics superior to natural healing (NH). Additionally,
when compared to our previous studies [17,18], we hypothesized
that PTA repair tissue biomechanical properties would be superior
to repairs using TECs but inferior to the normal central-third PT.
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Materials and Methods

Experimental Design. All procedures were approved by the
University of Cincinnati Institutional Animal Care and Use Com-
mittee. Full-length, full-thickness, central-third PT defects with
patellar and tibial bony defects were created in both limbs of ten
one-year-old, skeletally mature, female New Zealand White rab-
bits. Defects were either repaired by suturing the excised PT to
the remaining medial/lateral struts (PT autograft, PTA) or left
unfilled (natural healing, NH). After 12 weeks of recovery, repair
tissues were harvested for biomechanical (n¼ 7) and histological
evaluations (n¼ 3). Tendons for biomechanical evaluation were
dissected down to the central-third repair tissue and failed in uni-
axial tension at a constant strain rate (20%/sec). Tendons for his-
tological evaluation were processed and stained with hematoxylin
and eosin (H&E) along with antibodies for collagen types II (bone
ends only) and III (mid-substance only). Patella and tibial bone
ends were stained with antibodies for collagen type II because it is
the primary structural protein of fibrocartilage found at the
tendon-to-bone insertion site. Mid-substance sections were stained
with antibodies for collagen type III because it is an important
structural protein during healing.

Surgical Procedure and Limb Harvest. At surgery, each rab-
bit was anesthetized with an anesthesia cocktail of ketamine/ace-
promazine (40 mg/kg and 5 mg/kg, respectively) and isoflurane
gas (as needed). Under aseptic conditions, each patellar tendon
was exposed through an anteromedial incision. A 3 mm wide,
full-length, full-thickness, central-third defect was created in each
PT, producing a soft tissue, patellar tendon autograft (PTA). Bone
defects were created at the proximal and distal insertion sites
using a pneumatic sagittal saw (MicroAire Surgical Instruments,
Charlottesville, VA). In the right limb, the excised PTA was
sutured back into the defect at four sites (Prolene 5-0, Ethicon,
Somerville, NJ): two each near the patella and tibia. In the contra-
lateral limb, the defect remained unfilled (natural healing, NH).
Each incision was closed with a continuous subcutaneous suture
followed by simple interrupted sutures in the skin. After recover-
ing from anesthesia, each animal was returned to its cage and
allowed unrestricted cage activity. Twelve weeks post-surgery,
each rabbit was anesthetized as described above and then eutha-
nized by intracardiac administration of Euthasol

VR

(1.0 cc/4.54 kg;
Virbac Animal Health, Inc., Fort Worth, TX) followed by bilateral
pneumothorax. Hind limbs were disarticulated at the hip and
removed using a scalpel. For biomechanical evaluation, whole
limbs were stored at �20 �C for approximately two weeks until
testing. For histological evaluation, patella-PT-tibia samples were
placed in 10% neutral buffered formalin and stored at room tem-
perature (25 �C) until further processing.

Biomechanical Evaluation. One day prior to testing, limbs
were removed from the freezer and allowed to thaw overnight. On
the day of testing, all extraneous tissues (including the infrapatel-
lar fat pad) were removed leaving only the patella, patellar tendon
(PT) and tibia. The length and width of the whole PT were meas-

ured at the medial/central/lateral and proximal/central/distal por-
tions of the tendon, respectively, using dial calipers (Mitutoyo,
Aurora, IL). Tendon length was measured on the posterior surface
from tibial insertion to patellar insertion. Due to the ellipsoidal
shape of the PT, whole PT width and thickness are reported by
region (proximal/central/distal). Thickness of the whole PT was
measured at the proximal/central/distal portions of the tendon
using a light force (<0.15 N) digital micrometer (accurate to 0.01
mm; IDC type Mitutoyo Digimatic Indicator, MTI Corp., Aurora,
IL). The native tendon struts were removed to isolate the central-
third repair tissue. The tibia/fibula complex was cut roughly 2.5
cm distal to the tibial tuberosity to create a bone block. The
length, width and thickness of the patella-central-third repair-tibia
samples were then measured as described for the whole PT. Patel-
lar and tibial bone blocks were fixed into custom designed grips
using polymethylmethacrylate cement (Dentsply International,
York, PA) [18,22]. The testing grips for each sample were secured
into a Plexiglas tank mounted on a materials testing system
(Model 8501, Instron, Inc., Canton, MA). The tank contained
phosphate buffered saline (PBS; pH 7.4) heated to 37 �C. Repair
tissues were preloaded to 14.8 6 8.8 N (mean 6 SD) and then pre-
conditioned for 50 cycles to 3% strain at 1 Hz using a sinusoidal
strain pattern. Tissues were then failed in uniaxial tension at a
constant strain rate of 20%/sec while force and displacement were
continuously recorded [18,21–23].

Histological Evaluation. Tissue processing has been described
previously [24] but a brief protocol is outlined below. Fixed pa-
tella-PT-tibia samples were sectioned in the transverse plane
to isolate a) the patella and proximal PT, b) the tendon

Table 1 Repair Tissue Dimensions [mean (SEM)] for Whole and Central-Third PT

Whole PT

Width (mm) Thickness (mm) Central-Third PT

Length (mm) Proximal Central Distal Proximal Central Distal Length (mm) Width (mm) Thickness (mm)

NH 18.7 9.6 10.4 10.4 2.0 2.0 2.2 19.2 2.5 1.5
(n 5 6) (0.5) (0.2) (0.7) (0.7) (0.2) (0.2) (0.2) (0.4) (0.2) (0.1)
PTA 20.7 9.9 11.5 11.8 2.7* 2.6* 3.0* 21.4 3.0* 2.2*
(n 5 6) (0.9) (0.7) (0.5) (0.8) (0.2) (0.2) (0.2) (1.0) (0.1) (0.1)

*Significantly greater than NH repair values (p< 0.05)

Fig. 1 Force-displacement curves (mean 6 SEM). PTA (n 5 6)
and NH (n 5 6) repairs both exceeded the peak in vivo force
required for activities of daily living (100 N; in vivo force and
displacement, IVF and IVD, respectively) [29,30]. However, PTA
and NH repairs do not match the normal central-third PT (Nor-
mal; n 5 8 [17,18]) or TEC (n 5 7 [18]) repair curves. Portions of
this figure re-printed with permission from Juncosa-Melvin, et
al. (2006) [18].
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mid-substance, and c) the tibia and distal PT. Patellar and tibial
bone ends were decalcified in 10% formic acid. Each tissue sec-
tion was then dehydrated through a gradient of alcohols and xy-
lene before being embedded in a paraffin block. The bony ends
(patella and proximal PT, tibia and distal PT) were processed by
cutting eight serial sections (4 lm thick) in the sagittal plane at 1
mm intervals through the sample. These tissues were used to
examine tendon integration into bone and insertion site formation.
The mid-substance samples were processed by cutting eight serial
sections in the coronal plane at 250 lm intervals. These tissues
were used to examine PTA and NH integration into the tendon
native struts. One section from each depth was stained with H&E.
Select serial sections were then subjected to immunohistochemi-
cal (IHC) staining for collagen type II (Calbiochem, San Diego,
CA) and collagen type III (Sigma-Aldrich, St. Louis, MO). Repair
tissue organization, cellularity, neovascularization, repair tissue
integration into the native tendon struts, and tendon-bone insertion
site formation were evaluated by one of the authors (KRCK).

Statistical Analysis. One animal sustained a unilateral rupture
of its left limb (natural healing treatment group). In a separate ani-
mal, the biomechanical properties of the right limb (PTA treat-
ment group) were statistical outliers. These two limbs were
excluded from statistical analysis leaving a sample size of n¼ 6
per treatment group. Data were normal and homoscedastic. Differ-
ences in dimensional (n¼ 6) and biomechanical (n¼ 6) data were
assessed using a one-way ANOVA with repair treatment as a fixed
factor. The significance level was set at p< 0.05.

Results

Repair Tissue Dimensions. After 12 weeks of healing, both
whole PT and central-third repair tissue dimensions were signifi-
cantly affected by repair treatment (NH versus PTA; Table 1).
Compared to NH, treatment with the PTA significantly increased:
1) whole PT thickness by 35%, 30% and 36% in the proximal,
central, and distal regions, respectively (p � 0.044); 2) whole PT
cross-sectional area by 46% in the distal region (p¼ 0.025); and
3) central-third repair tissue width, thickness, and cross-sectional
area by 20%, 47%, and 78%, respectively (p � 0.011).

Repair Tissue Biomechanical Properties and Failure
Mechanisms. Treatment with PTA significantly enhanced repair
tissue stiffness, as compared to NH, at 12 weeks post-surgery
(p¼ 0.006; Fig. 1, Table 2). However, maximum force, maximum
stress and modulus were not affected by repair treatment. Of the
six PTA repairs tested, five failed at the patellar insertion site
(83.3%) and one failed in the mid-substance (16.7%). By contrast,
of the six NH repairs tested, three failed at the patellar insertion
site (50%) and three failed in the mid-substance (50%). All sam-
ples failed at the insertion site with no detectable bone avulsion
for any of the samples.

Tendon Repair Mid-Substance Histology. PTA and NH
repair mid-substance tissues showed several similarities (Fig. 2).
First, PTA and NH central-third repair tissues contained regions
of neo-vascularization and hypercellularity, as did the native
struts. Second, PTA and NH samples contained regions with
aligned tissue showing some evidence of a crimp pattern along
with both rounded and elongated cell nuclei. Lastly, a band of
hypercellular tissue was present at both the graft and natural
healing-native strut interfaces for PTA and NH samples,
respectively.

Histological examination also revealed differences between
PTA and NH samples. While both central-third repairs appeared
hypercellular relative to normal, NH repairs appeared more hyper-
cellular than PTA repairs (Fig. 2). Additionally, collagen type III
staining was primarily localized to the graft-native tissue interface

Table 2 Biomechanical Properties (Mean 6 SEM) of Natural Healing, Patellar Tendon Autograft, Tissue
Engineered Construct and Normal Central-Third PT

NH PTA TECa Normalb

(n¼ 7) (n¼ 7) (n¼ 7) (n¼ 8)

Max Force (N) 121.8 6 13.0d,e 154.2 6 20.1d,e 339.3 6 10.9e 470.7 6 23.8
Stiffness (N/mm) 52.0 6 4.3c,d,e 74.2 6 4.6d,e 141.6 6 3.2 159.8 6 11.1
Max Stress (MPa) 34.9 6 4.9d,e 23.7 6 3.3d,e 72.0 6 1.8e 100.7 6 5.6
Modulus (MPa) 286.0 6 36.8d,e 243.4 6 17.1d,e 441.1 6 3.1e 861.4 6 98.5

aTEC repair tissue biomechanical properties were previously obtained [18]
bNormal central-third PT biomechanical properties were previously obtained [17,18]
cSignificantly less than PTA repair ( p< 0.05)
dSignificantly less than TEC repair ( p � 0.05)
eSignificantly less than normal central-third ( p � 0.05)

Fig. 2 H&E staining and IHC staining for collagen type III
(Col3) of the tendon mid-substance for both NH and PTA after
12 weeks of healing. Col3 (brown) is primarily localized to the
central-third repairs tissue (R) for natural healing (NH) samples
and localized to the graft-native strut (NS) interface for PTA
samples. Neo-vascularization is visible in the native struts (NS)
and central-third repair (R) regions for both tissues (the central-
third repair is labeled as R for both NH and PTA samples). Scale
bar 5 200 lm.

Journal of Biomechanical Engineering SEPTEMBER 2011, Vol. 133 / 091002-3

Downloaded From: http://biomechanical.asmedigitalcollection.asme.org/pdfaccess.ashx?url=/data/journals/jbendy/27218/ on 03/10/2017 Terms of Use: http://www.asme.org/about-asme/terms-of-use



in PTA repair samples (Fig. 2(d)) but was found throughout the
repair tissue in NH samples (Fig. 2(b)).

Patellar and Tibial Insertion Site Histology. Although PTA
and NH repairs showed similar results at the patellar and tibial
insertions, neither repair matched the zonal insertion appearance
of the native struts. The PTA and NH repair tissues were morpho-
logically different than the native struts in the tendon adjacent to
the enthesis, the fibrocartilage and the underlying bone. In the
native strut, the tendon adjacent to the enthesis contained parallel
rows of tenocytes that gradually transitioned into parallel rows of
tendon fibers separated by rows of fibrochondrocytes (Fig. 3, bot-
tom row). The tendon fibers in the PTA and NH repairs adjacent
to the enthesis were generally disorganized or oriented parallel to
the bone surface (Fig. 3, middle row and top row, respectively).
IHC staining revealed the presence of type II collagen in the fibro-
cartilage region of PTA repairs, NH and native struts at both the
patellar and tibia entheses. However, the fibrocartilage region of
the native struts contained rows of fibrochondrocytes separated by
collagen fibers anchoring into the underlying bone and was com-
posed of visible layers of fibrocartilage (FC) and mineralized
fibrocartilage (MFC) separated by a basophilic tidemark (Fig. 3,
bottom row). While the fibrocartilage region of PTA repairs was
more organized than NH, neither group regenerated distinct FC/
MFC zones or a tidemark. Additionally, the fibrocartilage regions
of the PTA and NH samples contained disorganized fibrochondro-
cytes with no evidence of tendon fibers actually passing through
the enthesis and anchoring into bone (Fig. 3, middle row and top

row, respectively). In the native strut, compact bone was adjoined
to the fibrocartilage region. In PTA repairs and NH, discontinu-
ities were found in the compact bone. The underlying bone for
both PTA repairs and NH contained bone marrow cavities and
exhibited a more trabecular appearance, thus signs of remodeling,
which were not evident in the native strut.

Discussion

Our first hypothesis, that after 12 weeks of recovery, the PTA
would produce repair tissue with biomechanical properties supe-
rior to NH, was only correct for stiffness. The finding that maxi-
mum force, maximum stress, and modulus were not statistically
different for NH and PTA repairs is likely due to poor tendon-to-
bone integration at the patellar and tibial entheses. Relative to
NH, treatment with the PTA increased insertion site failure fre-
quency from �50% to �83%. Therefore, it is possible that the
PTA repair tissue mid-substance was biomechanically superior to
that for NH but, because normal insertion sites were not regener-
ated, the PTA repairs failed at their weakest link before the
mid-substance tissue could be loaded to failure to determine its
biomechanical properties.

There are several possible reasons for why the NH and PTA
repairs failed to regenerate normal, zonal entheses: 1) The rabbits
were only given 12 weeks to recover. Both Rodeo, et al. [25] and
Wong, et al. [26] have demonstrated in multiple injury models that
animals may need a longer recovery period (24–26 weeks post-
surgery) to allow soft tissue-to-bone healing to mature [25,26].

Fig. 3 Histological images of patellar and tibial tendon-to-bone insertion sites. Insertion site images are shown with H&E
staining and immunohistochemical staining for type II collagen (Col2). After 12 weeks of healing, proper insertion sites were
not regenerated by PTA or NH. The insertion sites in the native struts (NS) appear unaffected by the surgical procedure. H&E
images are labeled to reflect: B, bone; T, tendon; FS, fibrous scar; MFC/FC, mineralized fibrocartilage/fibrocartilage zones of
the insertion site, respectively (note: these zones are not as distinct in the patella as they are in the tibia); areas resembling
neo-vascularization are marked with an asterisk. Scale bar 5 200 lm.
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Our future studies will examine the effect of a longer recovery
time on both repair tissue biomechanical properties and insertion
site formation. 2) The tendon-to-bone insertion site may not be
exposed to the optimal mechanical environment for proper healing.
While early protected passive mobilization can enhance the
strength of repaired tendons [27], early immobilization may pro-
vide a protective environment for tendon integration into bone that
drives the healing response toward regeneration rather than scar
tissue formation [10,25,28]. 3) The biological cues necessary to
promote bone ingrowth and tendon incorporation may have been
absent or present at insufficient levels [10]. These biological cues
include, but are not limited to, bone morphogenic proteins [8,10],
collagen types I and II [28], and alkaline phosphatase activity [28].
Future studies will examine how incorporating chemically and/or
mechanically preconditioned biological augmentations at the inser-
tion sites might enhance tendon integration into bone.

Our second hypothesis was that the PTA repair tissue biome-
chanical properties would be superior to our previous repairs
using TECs but inferior to the normal central-third patellar ten-
don. This hypothesis was rejected. While we expected the average
force-displacement curve for NH to be significantly lower than
our best TEC repair [18], we were surprised to find that the aver-
age PTA force-displacement curve was also significantly less than
our best TEC repair [18] (Fig. 1; Table 2). PTA and NH repairs
both exceeded the peak in vivo force required for activities of
daily living (100 N) [29,30], which is one of our criteria for a suc-
cessful repair. However, neither PTA repair nor NH matched the
tangent stiffness of the normal PT in the functional range of load-
ing (Fig. 1, lower left corner), which is another one of our criteria
for success. Overall, the repair tissue biomechanics of our
mechanically preconditioned MSC-collagen sponge TECs were
approximately twice the biomechanical properties of both PTA
repairs and NH (Table 2).

Three factors that may explain why the TEC produced superior
repair tissue biomechanics relative to the PTA are the cell popula-
tion, the porosity, and the compliance of the respective implants.
The TEC contained bone marrow-derived MSCs that had been
mechanically preconditioned in culture. When compared to static
culture, mechanical stimulation of MSC-collagen sponge TECs
increased mRNA expression levels of collagen types I and III
[20], which each play an important role in tendon healing. In con-
trast, the resident cell population of the PTA was likely composed
primarily of mature tenocytes with lower metabolic activity [31].
While it is possible that the tenocytes reverted back to their highly
metabolic state as tenoblasts, it is also possible that the autograft
tissue underwent a phase of necrosis and hypocellularity, similar
to what is seen during ligamentization of grafts for ACL replace-
ment [32,33]. Additionally, the porous microstructure of the
MSC-collagen sponge TEC may offer the advantage of rapid cel-
lular infiltration and easier integration with the native struts. It is
also possible that without early integration at the autograft-native
strut interfaces, the PTA was stress shielded by the native struts
and thereby not exposed to sufficient forces to promote significant
tissue remodeling [34–36]. Additionally, because the TEC is more
compliant than the PTA, it may take less force to stretch the
implant and overcome the detrimental effects immobilization can
have on tendon tissues [37,38].

The biomechanical and histological properties of PTA repair
were consistent with those of other investigators while the biome-
chanical properties of NH were not. Biomechanically, the struc-
tural properties of PTA repair reached 33–46% of normal at 12
weeks post-surgery (Table 2). While a direct comparison to other
PTA repairs was not possible, it has been reported for ACL recon-
struction in animal models that even at one year post-surgery (or
longer), the structural properties of the implanted graft do not
achieve more than 50–60% of the native tissue [33,39–41]. Histo-
logically, the following trends were consistent across several mod-
els of tendon-to-bone healing, including a partial patellectomy
performed in the goat [26], a long digital extensor tendon trans-
plantation into a bone tunnel in the tibial metaphysis in a dog

[25], and a infraspinatus tendon reconstruction in the sheep rotator
cuff [8]. At 12 weeks: 1) tendon fibers showed alignment along
the axis of applied load, 2) some tendon fibers were continuous
with bone but a zonal insertion was not regenerated, and 3) fibrous
scar tissue was evident at the bone-tendon junction [8,25,26]. It
was not until 24–26 weeks post-surgery that: 1) distinct fibrocarti-
lage and mineralized fibrocartilage zones and a tidemark became
evident, and 2) tendon fibers were consistently anchored into the
underlying bone [25,26]. While both PTA repair and NH were
biomechanically inferior to normal, the structural properties
reported here for NH were up to 2.9x greater than values reported
by both Miyashita et al. [42] and Awad et al. [17] for regenerated
central-third patellar tendon in the rabbit. One key differentiating
factor, which may explain the discrepancy in structural properties,
is that both Miyashita et al. [42] and Awad et al. [17] secured
suture markers at the periphery of the defect site while we did not.
The sutures may have prolonged the inflammatory response and
thus delayed the remodeling phase of healing that is responsible
for increasing biomechanical properties.

Our study is not without limitations. 1) Our model does not rep-
licate graft replacement or surgical reconstruction of a tendon or
ligament tear. Our model does, however, provide a reproducible
and accessible system to test tissue engineering strategies to pro-
mote tendon healing and integration into bone. 2) The current
sample size did not allow us to make a definitive statistical con-
clusion about the maximum force sustained by PTA repairs and
NH samples at 12 weeks. However, both repair methodologies are
statistically inferior to TEC-based repairs and vast improvements
are needed to produce a viable repair using the PTA.

This study demonstrates that a soft tissue PTA generates repair
tissue that is generally equivalent to NH but inferior to both TEC
repair and normal tendon. Biomechanical results show PTA repairs
possess inadequate tissue stiffness in the functional range of load-
ing and fail near the insertion into bone. Histological results dem-
onstrate incomplete integration of the PTA soft tissue into bone
and affirm that the tendon-to-bone insertion is the weak link of the
repair. Using the model presented here, our laboratory can now
investigate potential strategies to improve the integration of tendon
into bone. Future studies will examine novel ways to improve ten-
don-to-bone insertional repair, including MSC-gel TECs that have
previously produced ectopic bones spicules in vivo [17].
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Nomenclature
Col2/Col3 ¼ collagen type II/collagen type III

FS ¼ fibrous scar
H&E ¼ hematoxylin and eosin

IVF, IVD ¼ In vivo force, in vivo displacement
MFC/FC ¼ mineralized fibrocartilage/fibrocartilage zones

of the insertion site
NH ¼ natural healing
NS ¼ native strut
PT ¼ patellar tendon

PTA ¼ patellar tendon autograft
R ¼ central-third repair tissue

TEC ¼ tissue engineered construct
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