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Superior Capsule Reconstruction Using Acellular
Dermal Allograft Secured at 45� of Glenohumeral
Abduction Improves the Superior Stability of the

Glenohumeral Joint in Irreparable Massive
Posterosuperior Rotator Cuff Tears
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Joseph J. Krob, M.D., Zachary S. Aman, B.A., Nicole Anderson, B.A.,

Samuel I. Rosenberg, B.A., and Peter J. Millett, M.D., M.Sc.
Purpose: The purpose of the current study was to create a dynamic cadaveric shoulder model to determine the effect of
graft fixation angle on shoulder biomechanics following SCR and to assess which commonly used fixation angle (30� vs
45� of abduction) results in superior glenohumeral biomechanics. Methods: Twelve fresh-frozen cadaveric shoulders
were evaluated using a dynamic shoulder testing system. Humeral head translation, subacromial and glenohumeral
contact pressures were compared among 4 conditions: 1) Intact, 2) Irreparable supra- and infraspinatus tendon tear, 3)
SCR using acellular dermal allograft (ADA) fixation at 30� of abduction, and 4) SCR with ADA fixation at 45� of abduction.
Results: SCR at both 30� (0.287 mm, CI: �0.480 - 1.05 mm; P < .0001) and 45� (0.528 mm, CI: �0.239-1.305 mm; P ¼
.0006) significantly decreased superior translation compared to the irreparably torn state. No significant changes in
subacromial peak contact pressure were observed between any states. The average glenohumeral contact pressure
increased significantly following creation of an irreparable RCT (373 kPa, CI: 304-443 vs 283 kPa, CI 214-352; P ¼ .0147).
The SCR performed at 45� (295 kPa, CI: 226-365, P ¼ .0394) of abduction significantly decreased the average gleno-
humeral contact pressure compared to the RCT state. There was no statistically significant difference between the average
glenohumeral contact pressure of the intact state and SCR at 30� and 45�. Conclusion: SCR improved the superior
stability of the glenohumeral joint when the graft was secured at 30� or 45� of glenohumeral abduction. Fixation at 45� of
glenohumeral abduction provided more stability than did fixation at 30�. Clinical Relevance: Grafts attached at 45� of
glenohumeral abduction biomechanically restore the glenohumeral stability after SCR using ADA better than fixation at
30� of glenohumeral abduction.
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Introduction
n an aging and increasingly active population,
Iirreparable rotator cuff tears (RCTs) present a

particularly complex and difficult challenge. The prev-
alence of full-thickness RCTs in the general population
is approximately 22% and increases with patient age.1,2

The reported prevalence of massive RCTs has been as
high as 40% of all RCTs.3,4 Tissue inelasticity, poor
tendon quality, adhesions, muscle atrophy, and fatty
infiltration can all contribute to irreparability. Some
treatment options exist for these tears, including partial
repair,5 patch-augmented repair,6 bridging rotator cuff
reconstruction with a graft,7 latissimus dorsi tendon
transfer,8 and arthroscopic superior capsule recon-
struction (SCR).9

Arthroscopic SCR was first reported by Mihata et al.10

in a 2012 cadaveric biomechanical study as an effective
method for reducing superior humeral head trans-
lation. It is a minimally invasive surgical technique for
the treatment of irreparable superior RCTs. In this
operation, a graft is attached medially to the superior
glenoid and laterally to the greater tuberosity to
reconstruct the superior shoulder capsule. While
Mihata et al. performed biomechanical studies on the
effects of different graft thickness,11 capsular continu-
ity,12 and acromioplasty13 in SCRs with a tensor fasciae
latae (TFL) graft, there is limited number of published
biomechanical studies on SCR using acellular dermal
allograft (ADA).14 Moreover, there is no consensus
regarding the graft fixation angle to enhance gleno-
humeral stability without sacrificing range of motion or
risking graft tear.15

Despite the significant improvement in clinical
outcome scores following SCR, the high rate of graft
tears with ADA remains concerning and raises ques-
tions regarding the adequate graft fixation angle due to
the importance of maintaining appropriate graft tension
at 90� of shoulder abduction and preventing graft tears
at 0� of shoulder abduction. The appropriate graft ten-
sion and optimal abduction angle during graft fixation
remain to be determined. A previous biomechanical
study by Mihata et al. used a shoulder model with
loading of the muscles surrounding the glenohumeral
joint and showed that SCR using an ADA partially
reduced superior translation and completely restored
subacromial contact and superior glenohumeral joint
force.14 Another study by the same group did not show
a difference between graft fixation at 10� and 30� of
glenohumeral abduction.11 However, the most com-
mon fixation angles for SCR involve higher degrees of
glenohumeral abduction and the reported shoulder
model prohibits the dynamic movement of the humeral
head with deltoid contraction. Thus, previous studies
using this model are limited in replicating the kine-
matics of the shoulder. The purpose of the current study
was to create a dynamic cadaveric shoulder model to
determine the effect of graft fixation angle on shoulder
biomechanics following SCR and to assess which
commonly used fixation angle (30� vs 45� of abduction)
results in superior glenohumeral biomechanics. It was
hypothesized that SCR would reduce humeral head
superior translation, glenohumeral contact pressure
and subacromial contact pressure of the native state.
Additionally, graft fixation at 45� of abduction would
show increased glenohumeral stability compared to
fixation at 30� of abduction.

Methods
Research was performed at the Steadman Philippon

Research Institute, Vail, Colorado.

Specimen Preparation
Twelve fresh-frozen male cadaveric shoulder speci-

mens (mean age, 56.3 years; range, 51-64 years) with no
evidence of osteoarthritis, osteoporosis, prior injury or
surgery to the shoulder were used for this study. Insti-
tutional review board approval was not required because
deidentified cadaveric specimens are exempt from re-
view at our institution. The cadaveric specimens used in
this study were donated to a tissue bank for the purpose
of medical research and then purchased by our institu-
tion. All specimens were stored at �20� C and thawed at
room temperature for 24 hours before preparation. The
specimens were assessed by two orthopedic surgeons
(B.A. and L.L.). Each specimen underwent a diagnostic
arthroscopy before testing to confirm the absence of
intraarticular pathology and was excluded if any evi-
dence of labral or rotator cuff pathologies existed. Sharp
dissection to bone was then performed. All soft tissues
were removed except for the teres minor, infraspinatus,
supraspinatus, and subscapularis muscle bodies and their
respective insertions. All ligamentous structures and
capsular attachments surrounding the glenohumeral
joint were preserved as well. During specimen prepara-
tion for each shoulder, range of motion (abduction-
adduction and internal-external rotation) was actively
tested to detect and reduce the potential effect of joint
stiffness and rigidity. The inferior portion of the scapula
was potted in a rectangular mold filled with PMMA
(polymethyl methacrylate, Fricke Dental International
Inc., Streamwood, IL), preserving the axial orientation
by positioning the scapular spine parallel to the base. The
humeral shaft was transected 6 cm distal to the deltoid
tuberosity and fixed in a half cylindrical mold filled with
PMMA to allow controlled abduction during testing
(Fig 1, A and B).

Testing Setup
The rectangular scapular potting was affixed to a

custom jig in neutral position, as determined by setting



Fig 1. (A and B) Posterior view of the shoulder testing system for a right shoulder. *Customized fixture to allow abduction
(curved line).
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the spine of the scapula parallel to the plane of the
actuator of the dynamic tensile testing machine (Ins-
tron ElectroPuls E10000, Instron Corp., Norwood, MA).
Following fixation, physiological rotator cuff muscle
forces were simulated by loading the intact musculature
with free weights suspended by a pulley system. Each
rotator cuff tendon was sutured using high-strength
sutures (#2 FiberWire, Arthrex, Inc., Naples, FL) in a
Krackow locked running stitch fashion and subse-
quently connected to the free weights. The rotator cuff
loading protocol for each testing position based on data
of the cross-sectional area of each muscle were based of
the study by Keating et al.16 and were as follows: 6.7 N,
supraspinatus; 15.6 N, infraspinatus and teres minor;
and 24.5 N, subscapularis. A wood screw was inserted
in the deltoid tuberosity and tied to a steel cable con-
nected to the actuator. A pulley system was used to
approximate the anatomical pull of the deltoid muscle.
An 8.9-N force was used on the distal aspect of the
humerus to approximate the weight of the arm. The
potted humerus was positioned in a customized fixture
after loading to allow for free abduction during testing,
while restricting flexion and rotation. Two rigid wood
struts were glued to the faces of the hemi-cylindrical
potting of the humerus and lubricated to minimize
contact friction during abduction. Prior to the final
testing for this study, this physiological loading protocol
was validated by true anteroposterior and axillary ra-
diographs of the glenohumeral joint to assure proper
seating of the humeral head on the glenoid. This was
established by the continuity of the scapulohumeral
arch formed by the medial proximal humerus and
lateral border of the scapula, as well as the concentric
relationship between the humeral head and the glenoid
cavity. The radiographs and positioning were reviewed
by two orthopedic surgeons (B.A. and L.L.).
After complete fixation of the specimen to the dy-

namic tensile testing machine, a two-pronged pressure
sensor (Pressure Mapping Sensor 4000 for I-Scan,
Tekscan, Inc., Boston, MA) was carefully fixed on the
surface of the glenoid fossa through an incision of the
inferior capsule and an additional incision in the rotator
interval, while avoiding the violation of the anterior or
posterior capsule. The second prong of the sensor was
then positioned on the undersurface of the acromion in
an optimal position determined by previous pilot
testing. Briefly, the position of the sensor was kept
consistent throughout testing by securing the sensors to
the glenoid and acromion using screws and localizing
the baseline pressure observed from the sensors to the
same area on the pressure map (Fig 2). All specimens
were kept moist with 0.9% saline throughout
experimentation.

Surgical Technique
Two orthopedic surgeons (B.A. and L.L.) performed

the procedure. An open SCR using an ADA (40 mm �
70 mm � 3.0 mm ArthroFLEX, Arthrex Inc., Naples,
FL) was performed in all specimens, as previously
described.17 Briefly, the supraspinatus and infra-
spinatus muscles and tendons were removed
completely. The long head of the biceps was detached at
its insertion to the superior labrum and was removed
from the bicipital sheath. Anterior-posterior widths and
medial-lateral dimensions of the ADA were matched to
the superior glenoid, as well as to the rotator cuff
footprint area, as described by Mihata’s biomechanical
studies.10 Next, three 3 mm � 12.4 mm PEEK suture



Fig 2. Lateral view photograph depicting the massive tear
state in a right shoulder secured to the testing system. AP,
acromion process; GT, greater tuberosity; HH, humeral head;
LT, lesser tuberosity.

Fig 3. Superior capsule reconstruction in a right shoulder. AP,
acromion process; C, coracoid.
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anchors (SutureTak, Arthrex Inc.) loaded with high
strength suture, (#2 FiberWire, Arthrex Inc.) were
inserted into the superior glenoid. The sutures were
passed through the graft in a horizontal mattress
fashion and tied over it securely. The humeral sided
fixation was performed in a double-row transosseous
equivalent fashion using 4 biocomposite 4.75 mm �
19.1 mm knotless suture anchors (SwiveLock, Arthrex
Inc.) loaded with ultra-high-strength suture tape loops
(FiberTape, Arthrex Inc.). Following the first fixation at
30� or 45� of abduction and subsequent testing, the
lateral row anchors were removed, and the graft was
retensioned for the second fixation at the respective
angle of abduction before the lateral row anchors were
reinserted (Fig 3). The fixation angle order was ran-
domized between shoulders. Additional sutures were
passed through the lateral portion of the graft and were
connected to a dynamometer (SF-500 Force Gauge,
Yueqing Aliyiqi Instruments Co., Ltd, Zhejiang, China)
to fix the graft using the same tension for all specimens.
The same tension was applied to the graft during lateral
fixation in both abduction angles to minimize vari-
ability as the graft can be tightened differently. While
the graft tension changes during abduction, this method
was used to limit the variation of initial graft tensioning
prior to testing. The reconstruction was completed by
suturing the allograft to the subscapularis and infra-
spinatus tendons in a side-to-side fashion using high-
strength suture (#2 FiberWire, Arthrex Inc.). Com-
plete SCR is shown in Fig 3.

Biomechanical Testing
Each specimen was subjected to dynamic biome-

chanical testing employing a dynamic tensile testing
machine to simulate an abduction force on the hu-
merus and allow for controlled dynamic motion anal-
ysis. The biomechanical testing occurred in three
sequential phases: 1. Calibration 2. Dynamic motion
3. Positional testing. For calibration, the hydraulic
actuator was moved to its minimum position, and the
deltoid insertion cable was tensioned to the point just
before abduction of the humerus occurred, defining
neutral position for this testing state. From this position,
the tensile testing machine applied a force to the deltoid
insertion to abduct the humerus in 10� increments. The
digital position of the actuator was recorded at each
angle. This enabled determination of the relationship
between actuator position and abduction angle for each



Table 1. Intact-subtracted Superior Translation by State

State EM Mean (mm) 95% CI

Group Averages Massive RCT 1.59 0.82 - 2.35
SCR at 30� 0.29 �0.48 - 1.05
SCR at 45� 0.53 �0.24 - 1.31

Comparison Mean Difference (mm) 95% CI P Value

Pairwise Comparisons Massive RCT vs SCR at 30� 1.30 0.68 - 1.91 <.0001
Massive RCT vs SCR at 45� 1.06 0.44 - 1.67 .0006
SCR at 30� vs SCR at 45� �0.24 �0.86 - 0.37 .3923

Group averages and pairwise between-state comparisons. Results are derived from 2-factor linear mixed-effects models with tested abduction
angle assumed constant.
EM Mean, estimated marginal mean; 95% CI, Holm-adjusted 95% confidence intervals.
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testing state, allowing for calculation of the abduction
angle based on actuator position. Subacromial and
glenohumeral contact pressures were recorded using
the pressure sensors.
The dynamic motion was analyzed following cali-

bration. For this, the actuator of the tensile testing
machine was returned to starting position, returning
the humerus to neutral position, and then moved to
abduct the shoulder throughout its entire range of
motion, while at the same time recording pressure
data. For positional testing, the actuator was used to
abduct the humerus to 30� and 60� with neutral
rotation and a custom fixture secured the humerus
at that angle. A coordinate measuring machine
(ROMER Absolute Arm, Hexagon Manufacturing
Intelligence, Cobham, Surrey, Great Britain) was
then utilized to record the position of 7 fiducial points
at neutral position (minimally abducted) as well as for
30�, and 60� of abduction. The 3-dimensional trans-
lation of the humeral head was calculated by
recording the humeral head center of rotation at each
angle and comparing it to the humeral head center of
rotation in the intact state. To achieve this, the co-
ordinate measuring machine was used to record the
positions of 4 points on the scapula prior to potting
the scapula in PMMA and to develop the joint coor-
dinate frame (J.C.F.) for the scapula as previously
published by Wu et al.18 All fiducial markers taken
with the coordinate measuring machine during
testing were transformed into the scapular JCF to
allow for reporting of translations in the terms of each
specimen’s scapular frame. The fiducial markers on
the humerus were recorded in a similar fashion. After
completed testing, the humerus was disarticulated
and the fiducial markers on the humerus, along with
a cloud of points on the humeral head, were recor-
ded. These were used to calculate the humeral head
center of rotation as previously published by Meskers
et al.19 All calculations were done using custom
software Python 3.4.
Statistical Analysis
All measurements were performed thrice, and the

mean value was used for data analyses. To match the
repeated measures experimental design, random-
intercepts linear mixed-effects models were used to
compare translation measurements (superior, anterior,
and lateral) and pressure measurements (glenohumeral
and subacromial; peak pressure, contact area, and
average pressure) among shoulder states. Estimated
marginal means were used to make all pairwise-
comparisons and the Holm-Bonferroni method was
used to control the familywise error rate to 5% among
this set of comparisons. Residual diagnostics were
inspected to ensure model fit and that assumptions
were met. The statistical software R version 3.5.0 was
used for all plots and analyses (access date March 16,
2019; R Core Team, Vienna Austria; with additional
packages nlme, emmeans, and ggplot2).20 The sample
size was determined based on feasibility and was
comparable to other similar studies in the literature. As
a simplification of the full mixed-effect modeling
analysis, statistical power was considered with regard to
the repeated-measures pairwise comparisons between
experimental states. Assuming an alpha level of 0.05,
two-tailed testing, and parametric dependent groups
comparisons of means, 12 specimens are sufficient to
detect an effect size of Cohen’s d ¼ 0.89 with 80%
statistical power. Thus, between-state differences more
subtle than d ¼ 0.89 cannot be ruled out by this study.

Results

Effect of SCR on Superior Translation
Creation of an irreparable massive RCT increased

superior translation averaged over the levels of
different abduction angles (1.59 mm, CI: 0.82 e 2.35
mm). After SCR using the ADA performed at either 30�

or 45� of abduction, the superior translation decreased
significantly compared to that in the irreparably torn
state (Table 1). The superior translation was measured



Table 2. Subacromial Peak Pressure Results by State

State EM Mean (kPa) 95% CI

Group Averages Intact 430 191 - 670
Massive RCT 580 341 - 819
SCR at 30� 546 307 - 786
SCR at 45� 584 344 - 823

Comparison Mean Difference (kPa) 95% CI P Value

Pairwise Comparisons Intact vs Massive RCT �150 �400 - 101 >.999
Intact vs SCR at 30� �116 �366 - 135 >.999
Intact vs SCR at 45� �153 �404 - 97 >.999
Massive RCT vs SCR at 30� 34 �217 - 284 >.999
Massive RCT vs SCR at 45� �4 �254 - 247 >.999
SCR at 30� vs SCR at 45� �38 �288 - 213 >.999

Group averages and pairwise between-state comparisons.
EM Mean, estimated marginal mean; 95% CI, Holm-adjusted 95% confidence intervals.

6 B. ALTINTAS ET AL.
as 0.29 mm (CI: �0.48 -1.05 mm) at 30� of abduction
(P < .0001) and as 0.53 mm (CI: �0.24 - 1.31 mm) at
45� of abduction (P ¼ .0006). There were no differences
between the decrease of superior translation between
fixation at 30� or 45� of abduction (P ¼ .3923).

Effect of SCR on Anterior and Lateral Translation
Creation of an irreparable massive RCT did not

significantly affect the anterior translation averaged
over the levels of different abduction angles (�0.28
mm, CI: �1.22- 0.66 mm). After SCR using the ADA
performed at either 30� (0.58 mm, CI: �0.36-1.52 mm;
P ¼ .1784) or 45� (0.53 mm, CI: �0.41-1.46 mm; P ¼
.1784) of abduction the anterior translation showed no
significant changes compared with that in the irrepa-
rably torn state. No significant differences were
observed between fixation at 30� or 45� of abduction
(P ¼ .9033).
Similar results were found for changes in lateral

translation. Creation of an irreparable massive RCT did
Table 3. Glenohumeral Peak Pressure Results by State

State

Group Averages Intact
Massive RCT
SCR at 30�

SCR at 45�

Comparison

Pairwise Comparisons Intact vs Massive RCT
Intact vs SCR at 30�

Intact vs SCR at 45�

Massive RCT vs SCR at 30�

Massive RCT vs SCR at 45�

SCR at 30� vs SCR at 45�

Group averages and pairwise between-state comparisons.
EM Mean, estimated marginal mean; 95% CI, Holm-adjusted 95% con
not significantly affect the lateral translation averaged
over the levels of different abduction angles (�0.15
mm, CI: �0.29 - 0.59 mm). After SCR using the ADA
performed at either 30� (�0.21 mm, CI: �0.66-0.23
mm; P ¼ .1291) or 45� (�0.0153 mm, CL: �0.46-0.43
mm; P ¼ .5384) of abduction the anterior translation
showed no significant changes compared with that in
the irreparably torn state. No significant differences
were observed between fixation at 30� or 45� of
abduction (P ¼ .5384).

Effect of SCR on Subacromial Contact Pressure
The peak subacromial contact pressure increased

following creation of an irreparable RCT (580 kPa, CI:
341- 819 kPa) compared to intact state (430 kPa, CI:
191- 670 kPa), but this did not reach statistical signifi-
cance (P ¼ 1, Table 2). After SCR performed at either
30� (546 kPa, CI: 307-786 kPa) or 45� of abduction (584
kPA, CI: 344-823 kPa), the subacromial peak contact
pressure did not change significantly compared to the
EM Mean (kPa) 95% CI

547 394 - 699
814 661 - 967
760 607 - 913
718 565 - 871

Mean Difference (kPa) 95% CI P Value

�68 �246 - 110 .014
�213 �391 -35 .063
�172 -350 -6 .164

54 �124 - 232 >.999
96 �82 - 274 .731
42 �136 - 220 >.999

fidence intervals.
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intact state (P ¼ 1). Similar results were achieved for
average subacromial contact pressures.

Effect of SCR on Glenohumeral Contact Pressure
The glenohumeral peak contact pressure increased

significantly following creation of an irreparable RCT
(814 kPa, CI: 661-967 kPa) compared to intact state
(547 kPa, CI: 394-699 kPa; Table 3). While the SCR
performed at either 30� (760 kPA, CI: 607-913 kPa) or
45� (718 kPa, CI: 565-871 kPa) of abduction decreased
the glenohumeral peak contact pressure, this difference
did not reach statistical significance. No statistical sig-
nificance was found between glenohumeral peak con-
tact pressures between the intact and SCR states at 30�

(P ¼ .0625) or 45� of abduction (P ¼ .1644). The results
were similar for the comparison between the gleno-
humeral peak contact pressure following irreparable
RCT and SCR states at 30� (P ¼ 1) or 45� of abduction
(P ¼ .7307). No significant differences were observed
between fixation at 30� or 45� of abduction (P ¼ 1).
The average glenohumeral contact pressure increased

significantly following creation of an irreparable RCT
(373 kPa, CI: 304-443 kPa vs 283 kPa, CI 214-352 kPa;
P ¼ .0147). The SCR performed at either 30� (301 kPa,
CI: 232-370 kPa) or 45� (295 kPa, CI: 226-365 kPa) of
abduction decreased the average glenohumeral contact
pressure compared to the RCT state. This difference
reached statistical significance following SCR at 45� of
abduction (P ¼ .0394) but did not reach statistical sig-
nificance after SCR fixation at 30� (P ¼ .0526). No
significant differences were observed between fixation
at 30� or 45� of abduction (P ¼ 1). Moreover, there
were no statistically significant differences between the
average glenohumeral contact pressure between the
intact state and SCR at 30� and 45� of abduction (P ¼ 1
for each comparison).

Discussion
The main finding of the current study is that SCR

decreased the superior translation of the humeral head
following irreparable posterosuperior RCT and that the
fixation at 45� of glenohumeral abduction provided
better restoration of glenohumeral contact pressure
than did the fixation at 30�. In a previous study, the
biomechanical evaluation of the SCR using a TFL graft
for a single tendon supraspinatus tear demonstrated
improved stability and reduction of subacromial
impingement compared to patch grafting of the supra-
spinatus tendon.10 Moreover, greater reductions of
subacromial peak contact pressure were observed with
SCR using an 8-mm TFL graft compared to 4 mm thick
grafts, indicating improved stability of the joint.11

Further biomechanical studies conducted by Mihata
et al. provided further evidence in SCR’s benefit in
reducing subacromial joint impingement and
improving overall joint stability in cases of irreparable
supraspinatus tears.11e14 However, SCR is used more
frequently for the treatment of massive irreparable
RCTs rather than tears of the supraspinatus alone. Thus,
the current study analyzed the effect of SCR on
restoring the glenohumeral stability for an irreparable
tear that involved both the supraspinatus and infra-
spinatus tendons.
Recent biomechanical studies focused on the effect of

SCR using alternative grafts including ADA14 and the
long head of the biceps (LHB)21. Mihata et al. compared
the biomechanics of SCR using TFL with ADA and
concluded beneficial effects for both grafts in restoring
glenohumeral stability.14 While SCR using the TFL
completely restored the superior translation, superior
glenohumeral joint force and subacromial contact
pressure, SCR with ADA showed a similar effect except
for the partial restoration of the superior translation.14

They observed lengthening of the ADA after testing,
while the TFL graft length remained unchanged.14 This
may predispose the SCR with ADA for earlier failure.
However, the early clinical outcomes have been
promising.15 El-shaar et al. analyzed SCR with an LHB
autograft in a cadaveric massive rotator cuff tear model
and showed it to be biomechanically equivalent to SCR
with a TFL autograft in the prevention of superior hu-
meral migration.21 In comparison of stress required to
superiorly translate a humerus for 1.5 cm, LHB auto-
grafts required significantly more stress for superior
translation compared to TFL autografts.21 The results of
the present study are in line with the previously pub-
lished literature showing a positive biomechanical effect
of SCR on glenohumeral stability in the coronal plane.
The optimal tensioning angle for SCR remains unclear.

Mihata et al. reported that fixation of the TFL graft with
a glenohumeral abduction of 10� versus 30� at time of
reconstruction showed similar results in restoring the
stability, specifically in reduction of superior translation
and peak subacromial pressure.11 Though not statisti-
cally significant, trends toward less superior translation
were observed with graft placement at 30� gleno-
humeral abduction compared to 10� abduction.11

Further investigation was conducted by Hast et al.,
who used a paradigm coupling in vitro, in vivo and in
silico modeling techniques to assess SCR graft strains
after fixation in different angles.22 They showed that
motions involving posterior shoulder rotation, such as
back washing, lead to graft strains that may cause fail-
ure.22 Moreover, the ideal placement to counteract
strain without excessive graft slack was determined to be
a humeral orientation of 25� abduction and 20� internal
rotation.22 This is very important as the graft fixation
angles in the reported clinical outcome studies vary
widely between neutral abduction23 to 70� of elevation
and 10� of abduction.24 The present study showed that
graft fixation at 45� of abduction provided better
improvement of glenohumeral contact pressure



8 B. ALTINTAS ET AL.
compared to fixation at 30� of abduction. Determining
the optimal graft fixation angle is crucial in getting the
most consistent improvement in shoulder function
without early graft failure after SCR.

Limitations
There were some limitations to the current study.

Inherent to a time 0 cadaveric study, the results did not
reflect the biological incorporation of the dermal allo-
graft and its effects on reconstruction performance. Also,
the effects of various tension angles on long-term sta-
bility is not known, and it is possible that while fixation
at 45� better improved glenohumeral contact pressure,
fixation at lower abduction angles might result in better
clinical function or graft incorporation. The physiological
shoulder motion involves combination of scapular mo-
tion, flexion, rotation, and abduction. Controlling
abduction while fixing the other elements may limit the
clinical translation of the results. However, it provides
dynamic assessment while controlling other parameters.
The opening in the inferior capsule, which was created
to insert the glenohumeral contact sensor, could have
contributed to less superior humeral head migration.
Furthermore, the multiple testing conditions may have
produced certain laxity in the surrounding soft tissue
structures including the ADA. However, this effect was
limited by randomizing the order of the testing. In
addition, the effect of dependent variables was limited by
using the same materials and commercially available
dermal allografts for every reconstruction. Further,
multiple pilot tests were performed to establish repro-
ducible and highly accurate testing procedures with this
shoulder testing model.

Conclusion
SCR improved the superior stability of the gleno-

humeral joint when the graft was attached at 30� or 45�

of glenohumeral abduction. The fixation at 45� of gle-
nohumeral abduction provided more stability than did
the fixation at 30�.
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