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Background: In the treatment of irreparable rotary cuff (RC) tears, the superior capsule of the shoulder
is reconstructed using tensor fascia lata (TFL) or several allografts to prevent progressive joint degener-
ation. This study compared the healing qualities of acellular human dermal graft (HDG) and the TFL autograft
in superior capsule reconstruction (SCR) from biomechanical and histologic perspectives.
Methods: Chronic retracted RC tear models were created bilaterally in 9 rabbits, and 7 rabbits with intact
RC were used as a control group. SCR was performed 8 weeks after the tear using HDG in right shoulders
and TFL in left shoulders. At 12 weeks after SCR, 2 shoulders from each experimental group were investigated
for histologic healing, and 7 samples from the experimental and control groups were biomechanically tested.
Results: Complete healing was observed macroscopically in the glenoid and humeral sides of both groups.
No difference was observed in the enthesis maturation scores between the experimental groups. Collagen
fiber density was higher and the orientation was better in TFL group. Inflammatory cell infiltration was
not seen in the TFL group, but inflammatory cell infiltration was pronounced in the HDG group. The mean
pullout strengths of the TFL group, HDG group, and intact RC group were 139.7 ± 40.5 N, 123.9 ± 47.9
N, and 105.1 ± 11.8 N (P = .187), respectively. The mean stiffness values (P = .711), yield forces (P = .404),
and displacements (P = .135) were also statistically not different between the groups.
Conclusion: In SCR, the healing qualities of HDG and TFL were similar in rabbit models.
Level of evidence: Basic Science Study; Biomechanics and Histology
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The superior shoulder capsule, which is a tiny membra-
nous sleeve above the rotator cuff (RC) with insertion to the
greater tubercle in 30% to 60% of people, has an important
role in the stability of the shoulder.10,18 Biomechanical ca-
daveric studies have showed that the superior capsule is one
of the main static stabilizers in the superior stability of the
shoulder.11,16,18

Although most RC tears heal with excellent results after
open or arthroscopic repair, some chronic retracted tears cannot
be repaired due to muscle atrophy or fatty degeneration.2,5,6,14,19

In the treatment of irreparable RC tears, superior capsule re-
construction (SCR) is a recent and popular method that is
performed arthroscopically or open to prevent progressive joint
degeneration.15-17 The main aim of the surgery is to make su-
perior shoulder stability by tension effect of the superior
capsule. The secondary aim is to maintain the spacer effects
of the torn and defected supraspinatus and infraspinatus
tendons over the humeral head with a different mechanism.

Several allografts, such as the acellular human dermal al-
lograft (HDG) or autologous tensor fascia lata (TFL) graft,
are used for this reason. Mihata et al17 described SCR by using
6- to 8-mm autologous TFL; however, 3.0-mm HDG is mostly
preferred in North America.17,22 In a recent study, the mean
acromiohumeral distance after SCR with TFL was in-
creased from 4.6 mm to 8.7 mm, the mean active elevation
was increased from 84° to 148°, the mean American Shoul-
der and Elbow Surgeons score was increased from 23.5 to
92.9 points, and postoperative magnetic resonance imaging
(MRI) showed intact reconstruction without progression of
muscle atrophy in 83% of the patients.16 Denard et al,4 however,
reported the first preliminary results of arthroscopic SCR using
HDG. Similar to the clinical studies by Mihata et al, they also
found significant improvements in the clinical outcomes at
a minimum of 1-year follow-up. They reported their success
rate as 74.6%; however, the healing rate of the HDG was 45%
based on the MRI, and the mean acromiohumeral distance
was not increased compared with their preoperative mea-
surements. These results not only showed the success and
importance of SCR for the functions and stability of the shoul-
ders but also raised the question about whether HDGs are
inferior to TFL in their healing patterns in SCR. In addi-
tion, the thickness of the TFL and its fixation in 10° to 30°
of glenohumeral abduction were shown to have important
effects on superior stability.17

The initial shoulder stabilities after different SCR fixa-
tion methods have been demonstrated by in vitro
biomechanical studies using cadavers. The main conclu-
sions of the clinical studies of the SCR using TFL or HDG
showed the importance of the graft healing, which is correlated
to the success rate of the surgery and the clinical outcomes.4,16

However, graft-to-bone healing patterns and their pullout
strengths after healing still need to be explored. To our knowl-
edge, no study to date has compared HDG and TFL in SCR
after healing of the grafts, from biomechanical and histo-
logic perspectives. We hypothesized that after SCR surgery,
graft-to-bone healing of autologous TFL would be histologi-

cally better than acellular HDG and that TFL would provide
greater fixation strength than HDG after healing. This study
was designed to histologically and biomechanically compare
healing qualities of HDG, which is an allograft for the human
and a xenograft for the rabbit, and TFL autograft.

Materials and methods

The experiments used 25 shoulders of 16 New Zealand mature
rabbits. The rabbits weighed from 2.8 to 3.5 kg. We performed SCR
using autologous TFL in the left shoulders of 9 rabbits and used sterile
decellularized HDG (ArthroFLEX; LifeNet Health, Virginia Beach,
VA, USA) in the right shoulders of the same 9 rabbits. Although
the acellular dermal graft was a kind of allograft for humans, the
HDG in this animal study is a xenograft for the rabbits.

The experiments were completed in 3 stages. The first step was
the creation of the massive cuff tear models, the second step in-
cluded SCR using TFL or HDG, and the third step was biomechanical
and histologic analyses performed on the healing tissues of the SCR
models.

We divided the 25 shoulders of the 16 rabbits into 3 groups: a
control group with intact supraspinatus and subscapularis tendons
(n = 7), a TFL group (n = 9), and an HDG group (n = 9).

Creation of the massive RC defects

In the first stage of the experiments, we created massive supraspi-
natus and subscapularis tendon defects in both shoulders of the 9
rabbits to simulate massive, retracted, irreparable cuff tears in
humans.20 The rabbits were anesthetized using 10 mg/kg ketamine
hydrochloride and 3 mg/kg xylazine hydrochloride. The bilateral
shoulders were shaved, and surgical areas were prepared for the sterile
environment using povidone-iodine and dressing. Through a 2-cm
incision and a deltopectoral approach, supraspinatus and subscapu-
laris tendons were identified and detached from their insertions on
the proximal humerus, and their distal 5-mm lengthwise lateral seg-
ments were removed with underlying capsule, using the knife to create
supraspinatus and subscapularis tendon defects (Fig. 1). After control

Figure 1 First step of the surgery in the right shoulder of a rabbit.
The rotator cuff (RC) supraspinatus and subscapularis tendons
were identified, and their 5-mm width segment was resected. DM,
deltoid muscle; HH, humeral head; GT, greater tubercle; LT, lesser
tubercle.
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of hemorrhage, the fascia and skin were closed and dressed. The
same procedures were applied bilaterally. After the operations, the
animals were placed in separate cages without any restriction of mo-
bilization. For infection prophylaxis, 50 mg/kg cefazolin sodium was
provided, and naproxen sodium was administered for pain relief over
the next 24 hours.

To simulate chronic retracted, massive cuff tears of humans in
the animal models, we waited 8 weeks before SCR.3

SCR procedure

The second stage of the experiment was SCR, which was per-
formed 8 weeks after the tears were created. At this stage, all of
the rabbits were anesthetized again, and under sterile conditions and
infectious prophylaxis with cefazolin sodium, the superior rim of
the glenoid and the greater tuberosity were reached through a
deltopectoral approach. In all shoulders, the glenohumeral joint car-
tilages were apparent when the deltoid muscle retracted. There was
neither a native capsule nor a neocapsule. We placed a 2.0-mm metal
suture anchor with permanent braided sutures into the supragle-
noid area of the scapula and inserted a 2-0 mm nonabsorbable

polyfilament transosseous suture through the greater tuberosity for
fixation of the grafts for SCR (Fig. 2, A).

For the right shoulders, acellular HDG with dimensions of 20 mm
in length, 10 mm in width, and 1.26 to 1.75 mm in thickness were
used as the graft. First, the dermal graft was tightly attached to the
superior of the glenoid using 2 sutures of the metal anchor, and the
lateral end of the graft was attached to the area between the greater
and lesser tuberosity using a previously inserted transosseous suture
with the mattress technique while holding the shoulder in 20° to 30°
of abduction15,23 (Fig. 2, B). After 1 anterior and 1 posterior side-
to-side stitches were added for fixation of the graft, the wound was
closed and dressed.

For the left shoulder, we first harvested the TFL autograft. A 3-cm
longitudinal incision was made over the TFL of the left tight tensor
fascia, and the fascia, with dimensions of 20 mm × 10 mm, were
harvested using a knife and scissors (Fig. 2, C). We folded the graft
in half to double its thickness. The thickness of the HDG was between
1.26 and 1.75 mm, as the manufacturer reported, and we doubled
the TFL to obtain a similar thickness. With the same technique as
the right shoulder, the TFL was fixed to the superior of the glenoid
and the tuberosities (Fig. 2, D). The incisions were closed and dressed,
and the rabbits were put in their own cages.

Figure 2 (A) Placement of a metal suture anchor (A) into the supraglenoid area. G, glenoid; HH, humeral head. (B) Superior capsule
reconstruction (SCR) using human dermal graft (HDG). G, glenoid side; LT, lesser tubercle; GT, greater tubercle. (C) Acellular human dermal
graft (on the left) and tensor fascia lata autograft (on the right) used for SCR in the study. (D) SCR using autologous tensor fascia lata (TFL).
G, glenoid side; H, humeral side.
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Harvesting the specimens

The third stage of the experiment was euthanizing the animals for
histologic evaluations and biomechanical tests of the healing quali-
ties of the SCR methods and biomechanical tests of the intact control
group. For healing time, we waited 8 weeks after the SCR, and then,
all of the animals were euthanized using intracardiac high-dose
ketamine hydrochloride and xylazine hydrochloride.9 After disar-
ticulations of the scapulothoracic and elbow joints, we removed all
of the soft tissues and capsule around the shoulder joint, but left
intact the scapula, the humerus, and the reconstructed superior capsule,
which was previously attached to the superior of the glenoid and
the tuberosities.

The 7 rabbits in the control group (with intact RC tendons) were
euthanized with the same technique to compare their shoulders with
the experimental groups. Only the supraspinatus and subscapu-
laris tendons were left intact, and other soft tissues around the shoulder
joint, including the capsule, were cut.

Outcome measures

The primary outcome of this study was the ultimate failure load of
the SCR, which was measured with a load-to-failure test. The sec-
ondary outcomes were stiffness values, yield forces, and amount of
displacement of the SCR constructs at the failure in the mechani-
cal tests and gross and histologic healing patterns of the grafts to
the bones.

Gross evaluations

After the animals were euthanized, all of the shoulders were evalu-
ated macroscopically for healing defects and partial or complete
healing.

Histologic evaluations

A pathologist, who was blinded to the reconstruction methods, in-
vestigated 4 bilateral shoulders from 2 rabbits from the experimental
groups for the graft-to-tendon healing qualities of the glenoid and
humeral sides of the grafts.

In the gross evaluations, samples were macroscopically evalu-
ated for complete or partial healing at the graft-to-bone junction.

For the histologic analyses, samples were fixed with 10% neutral-
buffered formalin for 2 days and decalcified in 10% formic acid for
6 days, washed in water, and processed for standard paraffin em-
bedding. Mega paraffin blocks were used for the specimens. Serial
sections (5-µm-thick slices) were cut from the mega blocks using
a microtome. The sections were stained with hematoxylin and eosin,
Masson’s trichrome, and silver stain for light microscopic exami-
nation (Eclipse-Ci; Nikon Instruments, Melville, NY, USA).
Photographs were captured with an Eclipse 80i-DS-Ril digital camera
(Nikon Instruments).

A pathologist blinded to the study design scored the matura-
tion of enthesis and assessed the graft-to-bone healing. Enthesis was
scored using the criteria listed in Table I. The phase of graft-to-
bone healing was determined by evaluating fiber formation with
Masson’s trichrome and silver stain. In addition, to quantitatively
evaluate the graft-to-bone healing, a scoring scale was used includ-
ing collagen fiber density, collagen fiber orientation, inflammatory

cell infiltration, increased vascularity on light microscope, and Sharpey
fibers between the graft and bone on a polarized light microscope
(Table II).10

Biomechanical evaluations

Seven bilateral shoulders from the experimental groups were bio-
mechanically tested for the healing qualities of the SCR methods,
and 7 shoulders in the control group were tested for the tensile strength
of the intact supraspinatus and subscapularis tendons. The mechan-
ical tests were performed on the day of euthanasia.

We embedded the medial part of the scapula and two-thirds distal
part of the humerus into polyvinylchloride pipes, which were 5 cm
in diameter, using polyester putty. The polyvinylchloride pipes were
fixed to the universal biomechanical test machine (MTS mini Bionix
II; Eden Prairie, MN, USA) at a right angle. The scapular side was
fixed to the load cell, and the humeral side was fixed to the me-
chanical loading arm using fixture attachments (Fig. 3). The tensile
linear force was exerted on the humerus through fixture attach-
ments in the direction of perpendicular to the humeral diaphysis and
parallel to the rotation axis of the scapula to simulate neutral ab-
duction of the shoulder. According to the test protocol, after 10 N

Table I Enthesis maturation scoring system for graft-to-
bone healing

Score Definition

1 The insertion had continuity without fibrous tissue or
bone ingrowth

2 The insertion had continuity with fibrous tissue
ingrowth but no fibrocartilage cells

3 The insertion had continuity with fibrous tissue
ingrowth and fibrocartilage cells but no tidemark

4 The insertion had continuity with fibrous tissue
ingrowth, fibrocartilage cells, and a tidemark

Table II Quantitative analyses of graft-to-bone healing

Characteristic Grading Score

Collagen fiber density Low 1
Medium 2
High 3

Collagen fiber orientation None 0
Some 1
Mostly 2
Completely 3

Inflammatory cell infiltration None 0
Mild 1
Moderate 2
Severe 3

Vascularization None 0
Mild 1
Moderate 2
Abundant 3

Sharpey fibers 0% 0
25% 1
50% 2
75% 3
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of preloading in 2 minutes, 60 cyclic loadings from 5 N to 50 N
were applied with 0.25-Hz frequency.3 After cyclic loading, the failure
load was applied with a velocity of 1 mm/s to measure the maximum
pullout strengths. Failure was defined as a sudden decrease in the
load-displacement curve, occurrence of a fracture in the bony parts,
or a complete tear in the soft tissue. The outcome parameter of the
biomechanical tests was ultimate failure load, which is the mea-
sured pullout strength of the healed SCR, the yield force, and vertical
displacements at failure. Elongation at failure was defined as the
amount of vertical displacement of the loading arm of the test machine
at failure. This measurement does not show only the amount of elon-
gation of the SCR because of the other parts of the construct but
can give comparable values for each group.

Statistical analyses

We made a power analysis during the study design to determine the
number of shoulders for the biomechanical tests. We thought that
among the parameters, failure load could increase the number of
required shoulders mostly. Thus, for a maximum of 50-N differences
in the failure load between the groups and about 30 N of standard
deviation, we calculated the number of required shoulders for each
group as 7 (for 95% confidence level and 80% power). We used the
Kruskal-Wallis test for the comparisons between the groups because
the ranges of standard deviations were large and the values did not
show normal distribution.

Results

Gross evaluation

Macroscopically, complete healing was observed in the glenoid
and humeral sides in all samples from both groups. No defect
was detected in any part of the graft-to-bone junction on either
side.

Histologic analyses

From each experimental group, 2 pairs of shoulders were used
for histologic analyses (Fig. 4). The insertion had continu-
ity with fibrous tissue ingrowth and fibrocartilage cells (Fig. 5,
A) but no tidemark in either group, so no difference was ob-
served in the enthesis maturation scores between the
experimental groups (3 points for each sample). Collagen fibers
were found in both groups with Masson’s trichrome stain and
appeared in the late phase of healing (Table III; Fig. 5, B and
Fig. 6, B). However, collagen fiber density was greater and
orientation was better in the TFL group (3 points vs. 2 points).
Minimal reticular fiber formation was detected at the graft-
to-bone junctional areas of both groups with silver stain

Figure 3 Scapular and humeral sides were fixed to the biome-
chanical test machine at right angles.

Figure 4 (A) Macroscopic evaluation of the specimen from the tensor fascia lata group showed intact and healed superior capsule recon-
struction (SCR). (B) Macroscopic evaluation of the specimen from the human dermal graft group showed intact and healed superior capsule
reconstruction. G, glenoid; HH, humeral head.
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(Fig. 5, C and Fig. 6, C). Reticular fibers appeared
during the early phase of the regeneration. These histologic
findings meant complete graft-to-bone healing for both
groups.

Inflammatory cell infiltration was not seen in the glenoid
or tuberosity insertions of the samples from the TFL group,
which indicates complete healing. In the HDG group, however,
inflammatory cell infiltration was more pronounced, espe-
cially in the lesser tuberosity insertion area, which demonstrates
delayed healing or inflammatory response to HDG
(Fig. 6, A).

Biomechanical tests

Seven samples from the experimental and control groups were
biomechanically tested. All of the specimens passed cycli-
cal loading tests and underwent failure load for the

Figure 5 (A) Tendon-to-bone insertion area on a specimen from the tensor fascia lata (TFL) group, glenoidal side. The insertion has con-
tinuity with fibrous tissue ingrowth and fibrocartilage cells. Dense, organized, and wavy collagen fibers are observed (hematoxylin and eosin
stain, original magnification ×100). (B) Tendon-to-bone insertion area of the glenoidal side in the TFL group. Dense collagen fibers with
wavy pattern are demonstrated (Masson’s trichrome stain, original magnification ×100). (C) Minimal reticuler fiber formation is visualized
in the tendon-to-bone insertion area of the glenoidal side in the TFL group (silver stain, original magnification ×100).

Table III Histologic scores of the specimens from the human
dermal graft group and the tensor fascia lata group for the
humeral and glenoid insertions of the grafts*

Characteristic Human dermal
graft

Autologous tensor
fascia lata

Humeral Glenoid Humeral Glenoid

Collagen fiber
density

2 2 3 3

Collagen fiber
orientation

1 2 3 3

Inflammatory cell
infiltration

3 2 0 0

Vascularization 2 2 2 3
Sharpey fibers 2 3 3 3

* The scores (see Table II) were the same for 2 specimens from the
human dermal graft group and the same for 2 specimens from the tensor
fascia lata group.

Figure 6 (A) Tendon-to-bone insertion area of a specimen from the human dermal graft group (HDG), humeral side. Abundant inflam-
matory cell infiltration is noticed into collagenous matrix (hematoxylin and eosin stain, original magnification ×100). (B) Tendon-to-bone
insertion area of the glenoidal side in the HDG group. Dense collagen fibers with wavy pattern are demonstrated with Masson’s trichrome
stain (Masson’s trichrome stain, original magnification ×100). (C) Tendon-to-bone insertion area in the HDG group, glenoidal side. Minimal
reticuler fiber formation is visualized (silver stain, original magnification ×100).
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measurement of their ultimate failure loads. We noted failure
modes of all the specimens. In the HDG group, the samples
failed by superior capsule tear in 4 specimens and by scap-
ular neck fracture in 3 specimens. In the TFL group, superior
capsules were torn in 5 specimens, the proximal humerus was
broken in 1, and neck of the scapula was broken in 1 during
failure. In the control group, intact RC was torn through its
muscular part in each specimen.

The mean failure loads of the TFL, HDG, and intact RC
groups were 139.7 N, 123.9 N, and 105.1 N, respectively
(P = .187; Table IV). The mean yield loads of the TFL, HDG,
and intact RC groups were 142.1 N, 123.7 N, and 105.1 N,
respectively (P = .404), the mean stiffness values were 23.8
N/mm, 19.5 N/mm, and 25.2 N/mm, respectively (P = .711),
and the mean amounts of displacements in the constructs were
14.7 mm, 13.3 mm, and 11.7 mm, respectively (P = .711). Al-
though the mean failure load of the TFL group was the highest
and the mean failure load of the HDG group was higher than
the intact RC group, the differences between the groups were
not statistically significant.

Discussion

SCR is a popular technique that has promising short-term
results in the treatment of chronic, massive, irreparable RC
tears.16 The superior capsule of the shoulder is an anatomi-
cally and histologically distinct layer and is different from
the tendon layer that attaches to a substantial area of the greater
tuberosity (30%-61%).18 The superior capsule and supraspi-
natus are important stabilizers and depressors of the humeral
head that provide a stable fulcrum for the deltoid muscle.11

Superior glenohumeral translation at 5° and 30° of abduc-
tion has been shown biomechanically in cases of superior
capsular defects that cause superior humeral escape.11 Another

biomechanical cadaveric study showed that SCR with a col-
lagen graft restored the superior stability in massive, irreparable
RC tear models.17

Different types of grafts are available for the treatment of
massive irreparable RC tears, such as TFL autograft, HDG,
xenografts, and synthetic patch augmentations1,7,8,16 TFL and
HDG are the main and best options for SCR. However, no
study to date has analyzed and compared the histologic and
biomechanical properties of the graft options and their healing
outcomes. This animal study biomechanically and histologi-
cally analyzed HDG and TFL for SCR.

From a biomechanical point of view, a cadaveric study by
Mihata et al15 compared SCR using fascia lata allografts with
SCR using HDG. Their results showed HDG only partially
restored superior glenohumeral stability, whereas the fascia
lata allograft fully restored superior glenohumeral stability.15

The biomechanical assessment in our study found the mean
pullout strength of the TFL group was the highest, and that
of the HDG group was higher than the intact RC group;
however, these differences were not statistically significant.
There were no significant differences between the groups in
mean displacements of the constructs at failure.

In a biomechanical study on RC healing, in which the
mechanical testing methods were not the same but similar,
the mean ultimate failure loads of the healed RCs at 8
weeks were 148.4 ± 31 N in microfracture group and
101.4 ± 26 N in control group without microfracture.3 In
our study, the mean failure loads of the TFL, HDG, and
intact RC groups were 139.7 ± 40.5 N, 123.9 ± 47.9 N, and
105.1 ± 11.8 N, respectively. Although it may not be accu-
rate to compare the results of SCR to the RC repair in
rabbit models, we observe that the results of failure strengths
are very similar in both studies, especially when the results
of RC repair group without microfracture was compared
with the intact RC group in our study. The amount of
elongations of the tendons in the above study is almost half
of the elongations in our study. This could have resulted
from differences in the testing methods.

There are currently no studies evaluating the histologic out-
comes and findings of SCR in the healing capacities of the
grafts on the glenoid and tuberosity surfaces. In our current
study, the enthesis maturation scores and the vascularity re-
sponse to injury and treatment were similar among groups.
Inflammatory cell infiltration was not seen in the glenoid or
tuberosity insertions of the TFL, which indicates a com-
pleted healing process. In the HDG group, however,
inflammatory cell infiltration was pronounced and severe, es-
pecially in the lesser tuberosity insertion area. Although
inflammatory cell infiltration is typical in the early phase of
the healing process, it demonstrates delayed healing in the
late phase that is caused by host reaction. Collagen fibers were
found in both groups, and they appear in the late phase of
healing. Collagen fiber density was higher and orientation was
better in the TFL group than in the HDG group. Minimal re-
ticular fiber formation that appears during the early phase of
regeneration was detected at graft-to-bone junctional areas

Table IV Results of the biomechanical test

Group Failure load Stiffness Yield load Displacement

(N) (N/mm) (N) (mm)
TFL

Mean 139.7 23.8 142.1 14.7
SD 40.5 13.7 43.6 7.1
Median 115.0 19.7 120.0 14.2

HDG
Mean 123.9 19.5 123.7 13.3
SD 47.9 8.9 49.0 5.4
Median 102.0 23.3 101.0 12.8

Intact RC
Mean 105.1 25.2 105.1 11.7
SD 11.8 3.1 11.9 3.3
Median 105.0 25.1 101.0 11.2

P value* .187 .711 .404 .135

TFL, tensor fascia lata; SD, standard deviation; HDG, human dermal graft;
RC, rotator cuff
* Kruskal-Wallis test.
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in both groups. The histologic findings showed both groups
had complete graft-to-bone healing; nevertheless, the healing
process with TFL was relatively better.

Several types of allografts have been used in different fields
of orthopedics for a long time, and some potential prob-
lems, such as healing, disease transmission, and high costs,
are their well-known disadvantages compared with autografts.
Although HDG could be considered as a xenograft for the
rabbit, it might be acting as an allograft because of its
acellularity. However, there is concern with xenografts re-
garding the potential for an inflammatory response and
subsequent failure to heal.24 Inflammation can occur due to
residual cell damage.26

Clinical results indicating the stability of TFL are encour-
aging. Mihata et al16 reported the outcomes after a minimum
of 2 years of follow-up of the SCRs using TFL graft in 24
shoulders. All shoulders had irreparable RC tears and were
evaluated during shoulder arthroscopy. All of the measured
outcomes improved significantly for the patients, and only
15% of patients had retears in the follow-up interval.16 Denard
et al4 published a clinical study examining the minimum 1-year
follow-up outcomes of 59 patients in whom dermal allo-
grafts were used in arthroscopic SCR and found a successful
outcome in approximately 70%. However, only 45% of the
dermal allografts were healed at the 1-year follow-up ac-
cording to MRI, and this healing rate was lower than the
healing rate of TFL (83%) in the study of Mihata et al. One
reason for the lower rate of healing in HDG could be related
to healing problems of the allografts in the orthopedic pro-
cedures compared with autografts.12,13,25 Pennington et al21

reported 1-year outcomes of arthroscopic SCR using HDG
of 86 patients and found significant improvements in visual
analog scale pain scores and American Shoulder and Elbow
Surgeons scores, the acromiohumeral interval on radio-
graphs, and muscle strengths and ROM of the shoulders. The
rate of patient satisfaction was 90% in their series.

Some limitations must be considered when generalizing
our results to human populations. First, this study was con-
ducted on rabbits, and rabbits have similar but also different
anatomic properties compared with humans. The healing rates
of the tissues in rabbits are also not same as in human
physiology.

Second, the histopathology scores were not statistically ana-
lyzed because of the low sample number for each group, and
immunohistochemistry evaluations were not performed.

Third, other allograft and synthetic graft options were not
evaluated.

Fourth, we did not perform biomechanical tests in differ-
ent direction of the forces, which could simulate shoulder
movements in other directions, especially in the inferosuperior
direction.

Lastly, the 2-0-mm metal anchor could be large for the
glenoid of the rabbits; however, we believe that it did not affect
fixation of the grafts and, therefore, our healing process and
the results. We also did not notice any glenoid bony failure
during the insertion of the anchors.

Conclusion

HDG and the TFL autograft had similar biomechanical
and histologic results in rabbit models. We believe that this
study can provide guidelines for graft options that are used
in SCR. Further biomechanical and clinical studies are
needed.
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