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Purpose: Delayed healing is a common problem whenever tendon allografts are used for tendon or ligament
reconstruction. Repopulating the allograft with host cells may accelerate tendon regeneration, but cell pene-
tration into the allograft tendon is limited. Processing the tendon surface with slits that guide cells into the
allograft substrate may improve healing. The purpose of this study was to describe a surface modification of
allograft tendon that includes slits to aid cell repopulation and lubrication to enhance tendon gliding.
Methods: Canine flexor digitorum profundus tendons were used for this study. Cyclic gliding resistance was
measured over 1000 cycles. Tensile stiffness was assessed for normal tendon, tendon decellularized with trypsin
and Triton X-100 (decellularized group), tendon decellularized and perforated with multiple slits (MS group)
and tendon decellularized, perforated with slits and treated with a carbodiimide-derivatized hyaluronic acid
and gelatin (cd-HA-gelatin) surface modification (MS-SM group). To assess tendon repopulation, bone marrow
stromal cells (BMSCs) were used in the decellularized and MS groups. DNA concentration and histology were
evaluated and compared to normal tendons and nonseeded decellularized tendons.
Results: The gliding resistance of the decellularized and MS groups was significantly higher compared with the
normal group. There was no significant difference in gliding resistance between the decellularized and MS
group. Gliding resistance of the normal group and MS-SM group was not significantly different. The Young’s
modulus was not significantly different among the four groups. The DNA concentration in the MS group was
significantly lower than in normal tendons, but significantly higher than in decellularized tendons, with or
without BMSCs. Viable BMSCs were found in the slits after 2 weeks in tissue culture.
Conclusions: Tendon slits can successfully harbor BMSCs without compromising their survival and without
changing tendon stiffness. Surface modification restores normal gliding function to the slit tendon.
Clinical Relevance: A multislit tendon reseeded with BMSCs, with a surface treatment applied to restore gliding
properties, may potentially promote tendon revitalization and accelerate healing for tendon or ligament re-
construction applications.

Introduction

Functional repair of flexor tendon injury, especially in
zone II, remains a great challenge for hand surgeons.1–3

Advances in suture materials,4–6 suture techniques,7,8 and
postoperative rehabilitation protocols9,10 have improved
clinical outcomes.11 Nevertheless, many complications, such
as a rupture at the repair site and the formation of restrictive
adhesions, still occur and require further operations.

In such cases, tendon grafts are often indicated to restore
normal digit function. Currently, the palmaris longus, plan-
taris, and toe extensor autografts are most often used as
sources of tendon grafts in the hand.12–14 However, these
donor tendons are of extrasynovial origin and do not entirely

match the anatomic and biomechanical characteristics of the
intrasynovial flexor tendons they are intended to replace.
The intrasynovial tendon surface has an elliptical cross sec-
tion, and is lined with a thin layer of epitenon cells, which
secrete lubricants such as hyaluronic acid (HA) and lubricin.
Extrasynovial tendons are flat, and they are surrounded by a
multilayer paratenon with an irregular surface,15,16 with a
much higher gliding resistance than intrasynovial tendons.17

These differences in shape and surface structure may account
for the poor clinical outcomes that commonly occur after
extrasynovial tendon grafting.18 Intrasynovial tendon grafts
cause fewer adhesions and scarring than extrasynovial ten-
don grafts in experimental animals,16,19,20 but intrasynovial
tendon autografts are rarely available in the clinical setting,
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or come at the cost of donor-site morbidity and prolonged
operative time.21 In extensive hand injuries, the demand for
tendon grafts might exceed the autologous supply, regardless
of tolerance for donor-site problems.22,23 Thus, there is a clinical
need for alternatives to conventional tendon autografts.

An ideal tissue-engineered tendon scaffold should possess
histological and mechanical properties similar to the native
tendon, and be compatible with the recipient’s tissues and
cells. In that regard, an intrasynovial tendon allograft is a
desirable scaffold, because its material properties closely
match the host need.24 Problems associated with immune
reaction can be reduced by decellularization of the scaffold;
decelluarization may also facilitate reseeding with host cells
such as tenocytes,25 dermal fibroblasts,26 bone marrow
stromal cells (BMSCs),27,28 adipose-derived mesenchymal
stem cells,29,30 or tendon-derived stem cells.31 However, cell
penetration into an allograft tendon is limited, due to the
tendon’s dense collagen structure, and thus, seeded cells are
typically present only on the scaffold surface.25 A method to
enhance the penetration of seeded host cells into the allograft
that did not affect its mechanical properties could potentially
be valuable, since increased graft cellularity could accelerate
intrinsic healing and tissue regeneration. Mechanically per-
forating the tendon surface might be a practical method for
greater cell penetration.

In this study, we used a mechanical perforation technique
to create multiple slits (MS) longitudinally along the tendon
to aid cell repopulation and survival. In addition, to further
enhance the allograft by reducing the gliding friction, we
used surface lubricants to modify the MS tendon surface. The
purpose of this study was to investigate the effect of these
mechanical perforations on tendon mechanical properties,
surface friction, and viability of the seeded cells. We hy-
pothesized that making multiple slits in the decellularized
tendon would not affect the tendon tensile properties, but
would increase the tendon gliding resistance as compared
with nonperforated tendons. We further hypothesized that
this increased friction would be reversed by surface modifi-
cation with carbodiimide-derivatized hyaluronic acid and
gelatin (cd-HA-gelatin). Finally, we hypothesized that mak-
ing slits on the tendon allograft would improve cell migra-
tion into the core of the scaffold compared to nonperforated
tendons.

Materials and Methods

Flexor tendon harvest

Tissue was obtained from 11 mixed-breed dogs, weighing
21 to 26 kg, euthanized for other Institutional Animal Care
and Use Committee (IACUC) approved studies. The studies
were unrelated to the tendons and treatments had no rele-
vant effect on tendon tissue. A total of 84 flexor digitorum
profundus (FDP) tendons from the 2nd through 5th hindpaw
digits were divided distally at the bony insertion and prox-
imally just distal to the common FDP tendon, at which level
the four FDP tendons fuse together. Respective digits were
disarticulated and prepared for friction testing, with each
tendon sliding against its own proximal pulley.32 Tendons
were assigned to four groups: (1) untreated, unprocessed
normal tendons, to serve as a control (normal group), (2)
tendons decellularized with trypsin and Triton X-100 (de-
cellularized group), (3) tendons decellularized as in group 2

and perforated with multiple, short slits (MS group), and (4)
tendons decellularized and slit as in group 3 and treated with
a surface modification of cd-HA-gelatin (MS-SM group).
Normal tendons were used immediately. The remaining
tendons were frozen at - 80�C until further use.

Decellularization and slit of tendon

Frozen tendons were thawed at room temperature before
use. In the MS and MS-SM groups, two rows of 2-mm full
thickness slits at 2-mm intervals were made with a #11
scalpel (Fig. 1A). The tendons were then immersed in trypsin
0.05%/0.53 mM ethylenediaminetetraacetic acid (EDTA) for
24 h at 37�C followed by 0.5% Triton X-100 (Alfa Aesar,
Ward Hill, MA) for 24 h at room temperature.27,30 Decel-
lularized tendons were washed in PBS for 24 h.

Treatment of tendons with cd-HA-gelatin

For the cd-HA-gelatin treatment group, after perforation,
the tendons were immersed in a solution of 1% sodium
hyaluronate (95%; Acros, Geel, Belgium), 1% 1-ethyl 1-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC;
Sigma Chemical, St. Louis, MO), 1% N-hydroxysuccinimide
(NHS; Pierce Biotechnology, Rockford, IL), and 10% gelatin
(from porcine skin; Sigma Chemical) in 0.1 M Mes (2-[mor-
pholino]ethanesulfonic acid)-buffered saline solution (Sigma
Chemical), pH 6.0, for 1 min. After surface treatment, ten-
dons were wrapped in aluminum foil for 10 min at 37�C for
gelation and to maintain hydration until friction testing.33

The excess reagent was removed with a saline wash, and
friction testing was then performed.

Measurement of gliding resistance (n = 8)

Gliding resistance between each FDP and its respective
intact proximal pulley was measured using methods that
have been described previously.34,35 The friction measure-
ment system consists of a mechanical actuator instrumented
with a linear potentiometer and two tensile load transducers,
a mechanical pulley, and a resistance weight36 (Fig. 1B). The
tendon was pulled by the actuator at a rate of 2 mm/s. The
excursion distance was set at 14 mm, which is the normal
canine FDP excursion.37 The gliding resistance was calcu-
lated as previously described.38 The first two cycles of fric-
tion testing preconditioned the tendons. A complete cycle of
data was recorded, every 50 cycles up to 500 cycles, and then
every 100 cycles up to 1000 cycles.39

Biomechanical assessment (n = 8)

After the gliding resistance measurements were obtained,
the Young’s modulus was assessed. The tendon was moun-
ted on a servohydraulic testing machine (MTS 858 Mini
Bionix II, Eden Prairie, MN). A region of the tendon, in-
cluding a point just proximal to the proximal pulley and 2 cm
distal to this point, was included in the gauge length with
tissue adjacent to the region gripped in the clamps with
sandpaper (Fig. 1C). Before testing, the cross-sectional di-
mensions of each tendon were measured with a digital cal-
iper (RS 232; Brantford, Canada). The caliper has a rated
accuracy of 0.02 mm and a resolution of 0.01 mm. Measure-
ments were obtained at three different levels (proximal end,
distal end, and midpoint). The area was calculated based on
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the assumption that the tendon cross section was elliptical.
The cross-sectional area of the tendon was averaged over the
three levels.

At the start of each test, the tendon was preconditioned
with 10 cycles of loading from 10 to 50 N at a rate of 20 mm/
min. Following the 10th cycle, the tendon was distracted
until failure, at a rate of 20 mm/min. Tendons were moist-
ened with a saline mist throughout testing. Tensile force and
displacement data were continuously recorded at a sample
rate of 20 Hz. The Young’s modulus was calculated from the
slope of the linear region of the stress–strain curve.

BMSC harvest and suspension

To assess the effectiveness of cell seeding, we used BMSCs
harvested in other IACUC approved studies. About 8.0 mL
of bone marrow was aspirated aseptically from the tibia,
using a 15-mL syringe containing 2.0 mL of heparin solution.
The heparin was removed by centrifugation at 1500 rpm for
5 min at room temperature, and the bone marrow pellet was
resuspended in a cell culture medium and divided into three
100-mm dishes in 10 mL of standard medium. The medium
consisted of the minimal essential medium with Earle’s salts
(GIBCO, Grand Island, NY), 10% fetal bovine serum, and 1%
antibiotics (antibiotic–antimycotic; GIBCO). The bone mar-
row cells were incubated at 37�C with 5% CO2 and 95% air at
100% humidity. After 3 days, the medium containing float-
ing cells was removed and a new medium was added to the
remaining adherent cells. These adherent cells were defined
as BMSCs. The medium was changed every 3 days. When
reaching 70% to 80% confluence, the BMSCs were harvested
with 0.25% trypsin-EDTA and subcultured. Cells between
passage 2 and 4 were used for the experiments.

BMSC seeding

Thirty-nine decellularized tendons were cut into 20-mm
lengths and assigned to three groups: intact tendon without

BMSCs (decellularized group); intact tendon with BMSCs
(decellularized + cell group); and slit tendon with BMSCs
(MS + cell group). Tendons were lyophilized, gas sterilized,
and rehydrated in PBS for 24 h before seeding BMSCs.
Normal tendons served as the control group.

Confluent plates of BMSCs were washed twice with sterile
PBS and then trypsinized. The cells were counted with a
hemocytometer and centrifuged to remove the trypsin and to
create a cell suspension in the culture medium at a density of
2 · 107cells/1 mL. About 100 mL of this cell suspension was
seeded on the surface of the tendon or directly into the slits
with a micropipette. After 1 h of incubation at 37�C in a 5%
CO2 humidified incubator, the culture medium was added
and the BMSC-seeded tendons were cultured for 2 weeks.
The culture medium was changed every 3 days.

Cell viability assessment and histology (n = 3)

The BMSCs were labeled with the Vybrant� DiI cell la-
beling solution (Molecular Probes, Eugene, OR) according to
the manufacturer’s instruction before seeding on the decel-
lularized tendon scaffold. After tissue culture, the tendon
segments were embedded in the optical cutting temperature
compound (Tissue-Tek, Sakura Finetek, Japan) and cut into
7-mm slices with a cryostat (Leica CM 1850, Wetzlar, Ger-
many). Three tendons in each group were observed with a
confocal microscope (LSM510; Zeiss, Oberkochen, Ger-
many). Sections were also stained with hematoxylin and
eosin using standard techniques. The gross appearance was
noted at 100 · magnification in eight randomly selected
sections from each segment. To evaluate cell viability, a
Live/Dead Viability/Cytotoxicity kit (Life Technologies,
Grand Island, NY) was used for the MS + cell group, ac-
cording to the manufacturer’s instructions. After the tissue
culturing period, the tendons were labeled with Live/Dead
stain (7.7 mL calcein AM and 15.4 mL ethidium homodimer-1
dissolved in 10 mL of serum-free medium) and incubated for
30 min before viewing with the confocal microscope.

FIG. 1. Illustration of ex-
perimental setup and testing
apparatus. (A) In the MS and
MS-SM groups, two rows of
2-mm full thickness slits were
made on the tendon at 2-mm
intervals over a 2-cm length.
(B) Testing apparatus for
measurement of gliding re-
sistance between FDP tendon
and proximal pulley. (C) The
tendon was attached to the
clamps at a gauge length of
20 mm, including the region
of the slits. FDP, flexor digi-
torum profundus; HA, hya-
luronic acid; MS, multiple
slits; MS-SM, surface modifi-
cation of cd-HA-gelatin.
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DNA concentration (n = 10)

The tendon cellularity was assessed by quantifying the
tissue concentration of DNA using a PicoGreen DNA assay
(Life Technologies) according to the manufacturer’s instruc-
tions.40 Briefly, the tendon segments were lyophilized and
cut on both ends to avoid including cells attached to the end
of the tendon. A 7- to 10-mg sample of tissue was solubilized
by incubation for 48 h in 1.0 mL of papain solution (300 mg/
mL papain and 2 mM Dithiothreitol) at 65�C. After incuba-
tion, digested samples were centrifuged at 14,000 rpm for
5 min. The supernatant was placed in a fresh tube and in-
cubated with the reagent. Fluorescence was measured at an
excitation/emission wavelength of 480 nm/520 nm with a
fluorometer (FLUOstar Omega; BMG Labtech, Ortenberg,
Germany). Results were expressed as nanograms of DNA
per milligram of dry tissue.

Statistical analysis

The mean – SD of the gliding resistance, cross-sectional
area, Young’s modulus, and DNA concentration were deter-
mined for each group. The gliding resistance, cross-sectional
area, Young’s modulus, and DNA concentration were com-
pared among the four groups with one-way factorial analysis
of variance. The Tukey-Kramer post hoc test for each pairwise
comparison was performed if a significant difference was
detected. The significance level was set at p < 0.05 in all cases.
All statistical analyses were performed using JMP software,
version 9.0.1 (SAS Institute, Cary, NC).

Results

The gliding resistance of the decellularized and MS groups
gradually increased as the number of cycles increased, and
there was a significant difference in the gliding resistance
between the first cycle and the 1000th cycle in both. How-
ever, the gliding resistance of the normal tendon group and
the MS-SM group did not change significantly over 1000
cycles (Fig. 2).

After the first cycle, the gliding resistance of the decel-
lularized and MS groups was significantly higher compared
with the normal group ( p < 0.05). After 1000 cycles, the
gliding resistance of the decellularized and MS groups re-
mained significantly higher compared with the normal
group ( p < 0.05). The gliding resistance of the MS group was
significantly reduced by surface modification with cd-HA-
gelatin at both the first cycle and the 1000th cycle ( p < 0.05).
There was no significant difference in gliding resistance be-
tween the normal group and MS-SM group, or between the
decellularized group and MS group at either the first cycle or
1000th cycle (Fig. 3).

The cross-sectional area of the decellularized group was
3.98 – 0.65 mm2. This did not significantly differ from either
the MS or MS-SM groups (3.57 – 0.47 mm2 and 3.83 – 0.38 mm2,
respectively). However, there was a significant difference be-
tween the cross-sectional areas of the decellularized and nor-
mal groups ( p < 0.05), the cross-sectional area of the latter was
3.27 – 0.45 mm2.

All failures occurred at the clamping site. Rupture of the
tendon at the grip site occurred in 6 tendons and slippage
occurred in the remaining tendons. Slipping/breaking did
not compromise our ability to calculate the Young’s modu-

lus, which was not significantly different among the four
groups (Fig. 4).

Representative histologic findings are noted in Figure 5.
No cells were noted in the decellularized group tendons
(Figs. 5A, D). Labeled cells attached only to the surface of the
decellularized + cell group tendons (Fig. 5B, E). Labeled
BMSCs were identified in the slits of the MS + cell group
tendons (Fig. 5C, F). Some labeled cells also spread in be-
tween the collagen fibers. Most BMSCs were still alive in the
slits after 2 weeks in culture (Fig. 6).

The DNA concentration results are shown in Figure 7. The
DNA concentrations of the decellularized group tendons
and decellularized + cell group tendons were significantly

FIG. 2. Mean gliding resistance of the normal group, de-
cellularized group, MS group, and MS-SM group over 1000
cycles of tendon motion. An asterisk indicates a significant
difference between the first cycle and 1000th cycle ( p < 0.05).

FIG. 3. Mean gliding resistance of first cycle and 1000th
cycle for the normal group, decellularized group, MS group,
and MS-SM group. Error bars represent standard deviation.
An asterisk indicates a significant difference ( p < 0.05).
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decreased compared with the normal tendons ( p < 0.05). The
DNA concentration of the MS + cell group tendons was also
significantly lower than the normal tendons, but significantly
higher than the decellularized and decellularized + cell group
tendons ( p < 0.05).

Discussion

Our study demonstrates that making multiple short slits
improved the ability of BMSCs to penetrate into a decel-
lularized tendon scaffold without compromising the tendon
stiffness, and that these cells remain viable.

The process of healing after tendon grafting is slow.
After implantation, soft tissue grafts are degraded and
remodeled by host cells.41 Dustmann et al. reported that
free soft-tissue allografts showed delayed remodeling of
their extracellular matrix compared to autografts in ACL
reconstruction, and that mechanical properties of allografts

were significantly reduced at 1 year.42 In addition, when
the tendon grafting is performed after a tendon injury in
zone II, the distal repair site usually requires tendon to
bone healing as well.43

The presence of host cells inside the decellularized tendon
scaffold has many potential advantages for tendon healing.
Increased cellularity may speed healing and reduce the risk
of tendon rupture. A shorter period of immobilization may
reduce the risk of adhesions and permit the patient to return
to normal activities sooner. Cell seeded tendon scaffolds
have been shown to exhibit superior strength over unseeded
tendon scaffolds,44 even when cell attachment is limited to
the surface of the tendon.26 To improve cell penetration,
Woon et al. used peracetic acid to increase tendon porosity;
however, cell penetration was still limited.45 The same team
also showed that tendon surface scoring increased the sur-
face area and improved cell seeding without diminishing the
tendon’s biomechanical properties.46

FIG. 4. The mean Young’s modulus of normal group, decellularized group, MS group, and MS-SM group. Error bars
represent standard deviation.

FIG. 5. Histology of longi-
tudinal sections of tendon
scaffolds. (A–C; H&E stain-
ing, D–F; DiI and DAPI
staining. Original magnifica-
tion · 100. Scale bar repre-
sents 100 mm). There were no
cells seen in the decellular-
ized group tendon (A, D).
Seeded cells were present
only on the surface of the
decellularized + cell group
tendon (B, E). Note cells in
the slits of the MS + cell group
tendon (C, F). H&E, hema-
toxylin and eosin. Color ima-
ges available online at
www.liebertpub.com/tea
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In the current study, the gliding resistance was increased,
compared to the normal tendon, in the tendons with multiple
short slits. However, there was no significant difference in
gliding resistance between the decellularized group and the
MS group, suggesting that the effect on gliding resistance
was due to the decellularization processing rather than the
slits themselves. This is comparable to the findings of previ-
ous studies, which demonstrated that intrasynovial tendons
treated with trypsin also had increased gliding resistance,
presumably due to the removal of surface proteins with a
lubricating function or enzymatic roughening of the tendon

surface.47 The lyophilization process that we used to prepare
the tendon grafts, although commonly done clinically, may
also have increased the gliding resistance in our tendons, and
this has also been observed in other studies.33

We found that the increase in gliding resistance was re-
versed through surface modification with cd-HA-gelatin.
The efficacy of this modification has been reported in both
in vitro33,48 and in vivo39,49 models. Karabekmez and Zhao
reported that surface modification with cd-HA decreased the
adhesion formation without altering the cellularity in either
the autologous extrasynovial tendon or the intrasynovial
allograft in an in vivo canine model.50 In the current study,
the surface modification also restored tendon gliding resis-
tance to that of normal tendon over 1000 cycles.

We found seeded cells inside the slits of the decellularized
tendon scaffold. Although the DNA content of the MS + cell
group tendons was less compared with the normal tendons,
it reached 79% of normal tendon levels. This was higher than
the level observed both in this study and by others in de-
cellularized intact tendons cultured with cells.46

Introducing cells at high density into small, tight spaces
may affect viability. Erickson et al. seeded bovine MSCs in a
HA hydrogel for chondrogenic differentiation at a density of
60 million cells/mL and demonstrated high viability.51 Our
seeding density was less compared with their study and our
seeded BMSCs were still alive in the slits after 2 weeks in
tissue culture. In vivo, we believe that this mechanical per-
foration might work as a nutrient foramen. The fact that our
seeded cells were viable at 2 weeks also suggests that the
chemical decellularization process used in this study suc-
cessfully eliminated host cells without causing any residual
cytotoxity.

There are several limitations to this study. First, we did
not confirm the postseeding phenotype of the implanted
BMSCs, and thus, we do not know if they expressed any
tendon-specific markers, such as scleraxis or tenomodulin,
after implantation. There is strong evidence, though, to
suggest that when mesenchymal stem cells are seeded into
tendon scaffolds and exposed to the appropriate environ-
ment and stimuli, the cells can differentiate into teno-
cytes.52,53 We also did not measure the matrix synthesis of
the seeding cells. However, other studies have shown that

FIG. 6. Live/Dead cell viability assay showing live cells
stained with Calcein-AM and dead cells with EthD-1 (Original
magnification · 100. Scale bar represents 100mm). The via-
bility of most seeded BMSCs was maintained in the slits of the
decellularized tendon. BMSCs, bone marrow stromal cells.
Color images available online at www.liebertpub.com/tea

FIG. 7. Mean DNA concentration
of normal group, decellularized
group, decellularized + cell group,
and MS + cell group. Error bars
represent standard deviation. An
asterisk indicates significant differ-
ence (*p < 0.001, **p = 0.02).
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seeded cells can produce collagens 1 and 3, which contribute
to tendon matrix remodeling in vivo.30 Second, we chose
BMSCs as a donor cell for simplicity, and did not test cells of
other tissue origins. Tendon-derived stem cells are particu-
larly difficult to harvest.25,54 Third, we did not attempt to
stimulate the seeded cells in any way postimplantation.
Several growth factors are thought to play a role in cell mi-
gration. Schmidt et al. demonstrated that bFGF is able to
attract MSCs and control the direction of migration.55 The
next logical step would be to culture the seeded tendon
under mechanical stimulation, such as repetitive tensile
loaded, with or without exposure to various cytokines.
Fourth, we did not test the cell viability with cd-HA gelatin
treatment. As a result, it is clear if this treatment would affect
cell seeding and fate, although Karabekmez reported that
this surface treatment did not impair the cellularity of either
the autograft or allograft in an in vivo canine model.50 Fifth,
we were unable to successfully evaluate all tensile properties
to midsubstance failure, as some specimens slipped at the
grips before tensile failure. Tensile properties were analyzed
from the linear portion of the stress–strain curve variable
failure mode. Ng et al. reported that ‘‘an analysis of speci-
mens that failed at the grip-specimen interface versus those
that failed at mid-substance shows that there was no sig-
nificant difference in their tensile properties.’’56 Therefore, we
believe that tensile properties (Young modulus) were reli-
able. Lastly, we did not analyze the mechanical properties of
the tendon scaffold after cell seeding. This would be a nec-
essary analysis in a future in vivo study, to assess the effect of
cellularity on graft degradation and remodeling.57

In conclusion, making multiple short slits in an in-
trasynovial tendon decellularized for potential allograft use
enhances the penetration and survival of seeded cells. The
process does not change the tendon’s tensile stiffness. In-
creased gliding resistance, related to the decellularization
process, was reversed with cd-HA-gelatin treatment. Further
study will be required to investigate utilization of this me-
chanical perforation technique in tendon allograft recon-
struction in vivo.
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