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a b s t r a c t
Background: Anterior shoulder dislocation is common. The treatment of recurrence with glenoid bone defect is
still considered controversial. A new arthroscopic subscapularis augmentation has recently been described that
functions to decrease the anterior translation of the humeral head. The purpose of the presented study was to examine the biomechanical effect on glenohumeral joint motion and stability.
Methods: Eight fresh frozen cadaver shoulders were studied by use of a force guided industrial robot ﬁtted with a
six-component force-moment sensor to which the humerus was attached. The testing protocol includes measurement of glenohumeral translation in the anterior, anterior-inferior and inferior directions at 0°, 30° and
60° of glenohumeral abduction, respectively, with a passive humerus load of 30 N in the testing direction. The
maximum possible external rotation was measured at each abduction angle applying a moment of 1 Nm. Each
specimen was measured in a physiologic state, as well as after Bankart lesion with an anterior bone defect of
15–20% of the glenoid, after arthroscopic subscapularis augmentation and after Bankart repair.
Findings: The arthroscopic subscapularis augmentation decreased the anterior and anterior-inferior translation.
The Bankart repair did not restore the mechanical stability compared to the physiologic shoulder group. External
rotation was decreased after arthroscopic subscapularis augmentation compared to the physiologic state, however, the limitation of external rotation was decreased at 60° abduction.
Interpretation: The arthroscopic subscapularis augmentation investigated herein was observed to restore shoulder stability in an experimental model.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
Shoulder dislocation is a common injury in young and active patients (Owens et al., 2007) with an incidence rate of 1.7%. Without surgical treatment, the recurrence rate in young patients is unacceptably
high (70.3%) (Gigis et al., 2014). However, after arthroscopic Bankart repair, a recurrence rate of 13.1% was still reported in young patients
(Gigis et al., 2014) and, in a systematic review, an odds ratio of 12.71
(Longo et al., 2014) was measured. After more than one dislocation, different pathologies are involved in the problem of instability: bone loss
of the glenoid (Saito et al., 2005), Hill-Sachs defect with potential engaging at the glenoid rim (Purchase et al., 2008), capsular insufﬁciency
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(stretched capsule (Osmond-Clarke, 1948)) and elongation of the
subscapularis tendon (Symeonides, 1972).
In the early 20th Century, Putti and Platt inaugurated (independently
from one another in Italy and England) an open shoulder soft tissue stabilization procedure, using the subscapularis tendon. This procedure is
performed as follows: release of the subscapularis tendon at 2.5 cm medial of the insertion at the lesser tuberosity, open the capsule and suture
the medial border of the lateral stump to the capsule tissue, and at least
suture the lateral border of the medial subscapularis tendon laterally.
Osmond-Clark was the ﬁrst who described the procedure (OsmondClarke, 1948). After the ﬁrst encouraging results, late complications
such as osteoarthritis and the limitation of external rotation were reported (Ahmad et al., 2005; Hawkins and Angelo, 1990). Different modiﬁcations of the Putti-Platt procedure were described in the following
years (Symeonides, 1989). Bristow (Helfet, 1958) and Latarjet (1954)
both described a non-anatomical procedure using the conjoined tendon
(biceps and coracobrachialis tendon) with the attached coracoid. The
difference was that Bristow used just the conjoined tendon with the
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tip of the coracoid and Latarjet used the attached bone block, passed the
conjoined tendon through the subscapularis tendon, and ﬁxed the bone
block at the glenoid. This procedure solves the problem of the bone loss,
capsular insufﬁciency and elongation of the subscapularis tendon (i.e.
the triple effect). With the development of arthroscopic surgery and instruments, it has become more popular to perform this procedure
arthroscopically. However, although high complication rates after the
early Bristow procedures (Artz and Huffer, 1972; Fee et al., 1978;
Iftikhar et al., 1984) as well as after the arthroscopic Bristow-Latarjet
procedure (Griesser et al., 2013a, 2013b) were reported, their popularity
increased, especially in France and in German-speaking countries. Moreover, the indication depends on the surgical tradition of the countries.
The pathological problems of a stretched capsule and elongation of the
subscapularis tendon are the main problems related to the recurrence
of instability (Symeonides, 1972). Recently, biomechanical studies
have reported that the sling effect of the subscapularis is the main effect
of stabilization after the Latarjet procedure (Giles et al., 2013; Wellmann
et al., 2009; Wellmann et al., 2012).
Therefore, Johnson (1986) reported an arthroscopic technique using
the subscapularis tendon to address the capsule-labral insufﬁciency.
This procedure has been developed using the effect of the subscapularis
tendon to stabilize the shoulder, thus avoiding a high complication rate,
especially the major complication of nerve palsy. However, this procedure was abandoned due to complications related to the metal staple
used for tendon ﬁxation to the glenoid edge.
Recently, four techniques have been described in which the
subscapularis tendon was used to treat anterior capsulolabral insufﬁciency. The ﬁrst technique, described by Denard et al. (2011), consisted
of a subscapularis ﬂap used to augment the Bankart repair, whereas the
second technique, described by Chaudhury et al. (2014), consisted of a
complete tenodesis of the tendon and its advancement and ﬁxation to
the medial border of the glenoid neck using a large number of anchors.
The third technique described by Blasiak et al. (2016) used a split of the
subscapularis tendon which was detached from the distal part and ﬁxed
at the anterior glenoid rim. Fourth technique was presented by
Klungsoyr et al. (2015) in a cadaver study. The “sling effect” was used
to stabilize the shoulder using a hamstring graft and enhancing the anterior rim of the glenoid with the same graft.
Based on the procedure of Johnson (1986) a new arthroscopic technique consisting of an upper third subscapularis tenodesis at the anterior
border of the glenoid rim combined with a Bankart repair, especially of the
anterior-inferior capsule (Maiotti and Massoni, 2013) was developed. This
technique was named arthroscopic subscapularis augmentation (A.S.A.).
The recently published clinical results with a follow-up of 31.5 months
are encouraging (Maiotti et al., 2015). They found in a group of patients
with anterior shoulder instability and an anterior glenoid bone loss of
b25% good clinical results (Rowe score 94.1 SD 6.7) with a low recurrence
rate of 3.3%. No limitation in internal rotation as well as in abduction and
ﬂexion were found. In contrast there were a difference of 6° in external
rotation with the arm at the side of the trunk and 3° with the arm at 90°
of abduction, to the contralateral side. This limitation is not inﬂuencing
sports activity and the patients did not complain on limitation.
However, there is still a discussion over whether the procedure stabilizes the shoulder and limits external rotation. Therefore, biomechanical
testing is required to examine (i) the stabilization effect of the A.S.A., and
(ii) the motion in the glenohumeral joint. The purpose of the presented
study was to examine the biomechanical effect of this new augmentation technique on glenohumeral joint motion and stability. It was
hypothesized that the translation after the A.S.A. is comparable to an injury-free shoulder, and the limitation of external rotation is b 10° in 60°
abduction.
2. Materials and methods
Eight human cadaver shoulder specimens were tested in a robot
based shoulder simulator. Translational stability and range of motion

of each specimen was tested in four different conﬁgurations: physiologic, Bankart lesion with bony defect, A.S.A. and Bankart repair.

2.1. Preparation of the specimens
After receiving local IRB approval (No. 2640-2015), eight shoulders
(4 male, 4 female) without evidence of rotator cuff tear and shoulder injury in their medical history were investigated (four right and four left
shoulders). The mean donor age was 47.7 SD 8.7 years. The specimens
were fresh-frozen and stored at a temperature of −20 °C until experiments. The specimens were thawed at room temperature for 24 h
prior to testing. The medial scapula margin was dissected through the
soft tissue, without dissecting parts of the musculus subscapularis. The
scapula was then potted and ﬁxed in a customised box by use of a
cold curing three-component casting resin (Rencast FC52/53 Isocyanate, FC53 Polyol, DT982, Gössl&Pfaff GmbH, Karlskron/Braulach,
Germany).
Afterwards, a K-wire was positioned parallel to the epicondyle
axis 15 cm distal of the edge of the acromion. The humerus was
then resected approximately 20 cm distal from the acromion edge,
and potted in a brass cylinder using the same casting resin. The scapula of the specimen was mounted rigidly at the testing apparatus
using thread rods. Neutral rotation of the glenohumeral joint was deﬁned as a 10° internal rotation of the epicondyle axis (K-wire at the
humerus) to the mounting tower (Fig. 1). The brass humeral cylinder
was mounted to the robot using two threaded rods through an additional cylinder that was ﬁxed on the wrist of the robot (Fig. 2). The
humeral and global coordinate systems were deﬁned as has been
previously described (Hurschler et al., 2004). For testing, the head
was centered in the glenoid. Anterio-posterior and superior-inferior
translations were measured by deﬁning the location of geometric
center of the humeral head to be zero at the starting point of each
test. The starting point was re-established by the robot before each
test condition.

2.2. Test setup and protocol
The setup consists of a force-guided industrial robot (KR15/1,
Kuka GmbH, Augsburg, Germany) ﬁtted with a six-component
force-moment sensor (FMS) (KMS60, IpeA GmbH, Berlin, Germany)
to which the humerus was attached, as described above. The robot
applies force and moment-controlled motion and loads to the
glenohumeral joint. The robot is capable of applying controlled loading by interpreting the load and moment data provided by the FMS
(closed-loop control). The robot/FMS system enables measurement
of motion with a resolution of 0.1 mm and measurement of joint
loading with a resolution of b0.3 N force. During translation a normal
force of 20 N were applied by the rotator cuff (Poppen and Walker,
1978; Veeger et al., 1991). Therefore, the humeral head was centered
in the glenoid cavity at each abduction and rotation angle by an axial
compressive load of 30 N. The testing protocol includes measurement of glenohumeral translation in anterior, anterior-inferior and
inferior direction at 0°, 30° and 60° abduction in the frontal plane,
respectively, with a humerus load of 30 N in the testing direction.
Because the scapula was ﬁxed, 60° glenohumeral abduction was
assumed to correspond to 90° abduction of the arm (Debski et al.,
1999). The protocol was repeated in neutral (0° external rotation)
as well as 20° of external rotation.
During testing, the glenohumeral joint was free to translate in
the mediolateral, superoinferior and anteroposterior direction,
while rotation, ﬂexion and elevation were held constant. In a further testing step, a torsional moment of 1 Nm was applied to the humerus to measure the range of motion (RoM) in external rotation
(Fig. 3).
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Fig. 1. Shoulder specimen. A: Measurement of the resection of the humerus with orientation at the acromion. Two k-wires are positioned parallel to each other in the epicondyle axis. B:
After resection of the humerus. C: After ﬁxation of the scapula and humerus.

2.3. Arthroscopic procedures
2.3.1. Bankart lesion
For the arthroscopic procedure, the shoulder was mounted with the
scapula in the lateral decubitus position, and the humerus was ﬁxed at
40° abduction and 15° ﬂexion. A standard posterior portal (camera)
and an accessory anterior-superior, as well as an anterior-inferior portal
entering just superior the subscapularis tendon, were established, and a
cannula was also positioned. The labral and capsule soft tissue was detached using a Bankart knife from 1 o'clock to 6 o'clock (right side) or
11 o'clock to 6 o'clock (left side) relative to the glenoid. Afterwards,
the diameter of the glenoid was estimated with a calibrated hook. The

15–20% crescent shaped glenoid defect was created at the anterior aspect of the glenoid rim according the results of Saito et al.(Saito et al.,
2005) at the 3 o'clock position relative to the glenoid using a round
burr of 5 mm (Arthrex, Naples, FL, USA). An estimation of the ﬁnally created defect was made with the camera in the antero-superior position
(Fig. 4).
2.3.2. Arthroscopic subscapularis augmentation
The arthroscopic subscapularis augmentation combined with
Bankart repair (A.S.A.) was then performed. The anterior-inferior
capsulolabral complex was ﬁrst reattached using a suture lasso to pass
the 1.5 mm low proﬁle LabralTape (Arthrex, Naples, FL, USA) through
the tissue which was then ﬁxed with a 2.9 × 15.5 mm Bio-PushLock
(Arthrex, Naples, FL, USA) at the 5 o'clock position (w/r to a righthand shoulder). Afterwards, a penetrator was used to pass the upper
third of the subscapularis tendon 5 mm under its superior border in
neutral rotation of the humerus; a 1.5 mm Labral Tape was used to
shackle the tendon. The upper third of the subscapularis tendon was attached with an additional 3.5 × 19.5 mm Bio-PushLock Anchor to the 3
o'clock position in the right shoulder, and to the 9 o'clock position in the
left shoulder (Fig. 5).
2.3.3. Bankart repair
The Labral Tape of the subscapularis tendon (from the A.S.A. procedure) was cut and a Bankart repair with labral ﬁxation at the 3 o'clock
position in the right, and at 9 o'clock position in the left shoulder,
using Labral Tape and 2.9 × 15.5 mm Bio-Push Lock were performed
(Fig. 6).
2.4. Statistical analysis
For statistical data analysis of the translation and rotation for the
physiologic group, Bankart Lesion, the A.S.A. procedure and Bankart repair, Mann-Whitney-U tests were carried out. A signiﬁcance level of
alpha = 0.05 was applied. Prism 6 for Mac OS X (GraphPad Software,
La Jolla, CA, USA) was used for the statistical analysis. A sample size of
eight specimens was calculated for an effect size of 10° difference of rotation to reach a power of 0.8.
3. Results

Fig. 2. The specimen is mounted at the robot.

One specimen was excluded from the A.S.A. group due to repeated
anchor loosening. Furthermore, immediate dislocation of the joint at
the beginning of the translation testing prevented quantiﬁcation of
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Fig. 3. Protocol of the biomechanical testing.

Fig. 4. Right shoulder in lateral decubitus position. A: View from posterior portal. B: Detachment of the capsule-labral complex with the Bankart knife. C: View from the anterior-superior
portal. Measurement of the main distance of the glenoid. D: Resection of the bone at the anterior-inferior border at the glenoid. E: Result after resection of the bone. F: Measurement of the
defect with the calibre hook. H: Humeral head, G: Glenoid, L: Labrum.
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Fig. 5. Left shoulder. A.S.A. procedure in lateral decubitus position. A: View from the posterior portal. Anterior-inferior labrum is ﬁxed with the LabralTape. B: Fixation of the labrum with a
PushLock anchor. C. Fixed labrum. D: Penetration of the subscapularis tendon with a penetrator loaded with LabralTape. E: Subscapularis tendon is looped. F: Subscapularis tendon is ﬁxed
with the PushLock anchor at the gelonid at 9 o'clock position. G: Result of the ASA. H: View from the anterior-superior portal. Humeral head is centralized in the glenoid. H: Humeral head,
G: Glenoid, L: Labrum, P: Penetrator, SC: Subscapularis tendon.

joint stability in some specimens. Depending on arm position, dislocation occurred in two to three of these specimens in the lesion group at
30° and 60° of abduction, and a further specimen dislocated in the
Bankart group in all directions at 30° and 60° of abduction and 20° of external rotation. Furthermore, in the A.S.A. group limited range of motion
prevented testing in some positions. Thus, in one specimen 0° of abduction could not be attained, external rotation of 20° was only possible in
one specimen at 0° abduction, and all but two at 30° of abduction.
3.1. Translation testing
The creation of a Bankart lesion with additional bone defect resulted
in signiﬁcantly increased translations in the following arm positions
compared to the physiologic group: inferior direction translations

signiﬁcantly increased by 3.4 mm (SD 3,2 mm, p = 0.01) and
12.6 mm (SD 4 mm, p b 0.005) in 0° external rotation, and at 0° and
30° of abduction respectively (Fig. 7). Furthermore, in 20° external rotation and 30° abduction inferior translation increased by 12.1 mm (SD
9.8 mm, p = 0.006).
Anterio-inferior translation signiﬁcantly increased by 5.4 mm (SD
5.0 mm, p = 0.015) and 12.9 mm (SD 4.2 mm, p b 0.005) in 0° external
rotation at 0° and 30° of abduction respectively (Fig. 8). Additionally, in
20° external rotation at 0° and 30° of abduction, anterior-inferior translation increased by 8.5 mm (SD 4.7 mm, p b 0.005) and 11.1 mm (SD
7.8 mm, p b 0.005).
Comparing the Bankart repair with the lesion group, the following
signiﬁcant decrease in translation could be observed: Anterior-inferior
and inferior translation signiﬁcantly decrease by 7.0 mm (SD 7 mm,

Fig. 6. Left shoulder. Bankart repair in lateral decubitus position. A: Cutting the A.S.A. B: Labrum is looped. C: Drilling for the PushLock, D: After ﬁxation with the PushLock, E: Result of the
ﬁxed labrum, F: View from the anterior-superior portal. Humeral head is centralized in the glenoid. H: Humeral head, G: Glenoid, L: Labrum.
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Fig. 7. Inferior translation of the glenohumeral joint. Measurements with the robot.

p = 0.03) and by 4.2 mm (SD 3.8 mm, p b 0.05) in 20° external rotation
at 30° of abduction (Fig. 8).
Comparing the A.S.A. repair to the lesion group following signiﬁcant
decrease in translation could be observed: In anterior direction signiﬁcantly decreased by 5.9 mm (SD 7.5 mm, p = 0.035) and 6.1 mm (SD
1.9 mm, p = 0.01) in 0° external rotation at 30° and 60° of abduction
(Fig. 9). Additionally, in 20° external rotation at 60° of abduction, anterior translation was signiﬁcantly decreased by 10.1 mm (SD 5.3 mm,
p = 0.035). Furthermore, anterior-inferior translation was signiﬁcantly
decreased by 8.4 mm (SD 7.8 mm, p = 0.01) in 20° external rotation at
60° of abduction.
Translations of the A.S.A. group compared to the physiologic group
were not signiﬁcantly different in any direction and testing position
with the exception of one case: The A.S.A. repair showed signiﬁcantly
decreased inferior translation in 0° external rotation ant 30° of abduction (p = 0.002, Fig. 7).
Comparing the Bankart repair group with the physiologic group, signiﬁcant increase in inferior translation could be found in 0° external rotation at 0° (p = 0.015) and 30° (p b 0.005) of abduction and in 20°
external rotation at 0° (p = 0,05°) of abduction. Furthermore, signiﬁcant differences were found for the anterior-inferior direction at 0° external rotation and 0° (p = 0.038) of abduction (Fig. 8).
3.2. Maximum rotation
External rotation of the glenohumeral joint was not inﬂuenced by
the Bankart lesion, while the A.S.A. procedure resulted in signiﬁcantly

lowered maximum external rotation. External rotation in the physiologic condition was 56.6° (SD 20.3°), 91.3° (SD 20.9°) and 100.0° (SD 25.2°)
in 0°, 30° and 60° abduction, respectively. The maximum rotation of the
A.S.A. group compared to the physiologic group was signiﬁcantly decreased by 43.7° (SD 28.5°, p = 0.01) and 48.6° (SD 34.4, p = 0.009)
in 0°, 30° of abduction, respectively (p b 0.05) (Fig. 10). The differences
of maximum rotation after Bankart repair compared to the physiologic
group were not signiﬁcant (Fig. 10).
4. Discussion
The aim of this study was to investigate the stabilizing effect of the
A.S.A. procedure on translation and rotation in the glenohumeral joint
after Bankart lesion with additional bony defect. The effect of the
A.S.A. procedure was compared to the Bankart repair. The results of
the study show that the A.S.A. procedure has a stabilizing effect in abduction and external rotation with trade-offs regarding the maximum
external rotation. The A.S.A. procedure prevents the joint from dislocations after Bankart lesion with additional bone defect. Joint translation
values after A.S.A. procedure were not signiﬁcantly different compared
to the physiologic shoulder. Furthermore, the A.S.A. procedure signiﬁcantly increased joint stability after Bankart lesion in anterior and anterior-inferior direction with the arm in abduction and external rotation.
The A.S.A. results in a limitation of external rotation in 0° and 30° of abduction. The limitation of external rotation decreases in 60° abduction.
Indeed, the hypothesis that the limitation of external rotation is b10°
could not be conﬁrmed.
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Fig. 8. Anterior-inferior translation of the glenohumeral joint. Measurements with the robot.

After Bankart lesion combined with a bone defect of 15–20%, translations with a load of 30 N signiﬁcantly increased in a comparable manner to previous biomechanical studies (Kephart et al., 2014; Wellmann
et al., 2012).
Bankart repair signiﬁcantly decreased translations in single directions but was not able to stabilize the glenohumeral joint after Bankart
lesion with additional bone defect in one specimen. Furthermore, the
translation in speciﬁc arm positions was signiﬁcantly increased in anterior-inferior and inferior direction compared to the physiologic group.
This observations conﬁrm the results of Yamamoto et al. (2009) and
Burkhart and De Beer (2000). Yamamoto et al. (2009) found a decreased anterior stability with a bone defect with equal or N20% of the
glenoid; Burkhart and De Beer (2000) highlighted the problem of recurrence after soft tissue procedure in the case of a bone defect. They found
a rate of 67% recurrence if the bone defect was N20%.
The theory of the sling effect after the Bristow procedure could be
helpful to understand the biomechanical stabilization effect of the
A.S.A. The Bristow procedure pushes the lower third of the
subscapularis tendon to the glenoid, which results in a posterior translation of the humeral head in relation to the glenoid (Kephart et al.,
2014). Wellmann et al. (2012) analyzed the different stabilization aspects of the Latarjet procedure. They found increased anterior translation after cutting the conjoined tendon (group A) and cutting the
subscapularis tendon (group B) after the Latarjet procedure. They summarized that an intact subscapularis tendon is a precondition to the success of the Latarjet procedure. Giles et al. (2013) analyzed speciﬁcally
the theory of the sling effect of the Latarjet procedure. The specimens

were tested after the Latarjet procedure with and without load to the
conjoined tendon. They found, that the loaded conjoined tendon
prevented dislocation in all specimens. Whereas the unloaded conjoined tendon stabilized the shoulder in just 75% of the specimens. Interestingly the limitation of external rotation in 90° abduction was in
the loaded group 29.0° (SD 6.2°) compared to the unloaded group. In
0° abduction no difference between the loaded and unloaded conjoined
tendon was found. The explanation of this converse ﬁnding compared
to the A.S.A. with less limitation in abduction compared to adduction
could be an opposite sling effect. The Latarjet procedure uses the
lower third of the subscapularis and the A.S.A. technique the upper
third. These ﬁndings are important to understand the problem of shoulder instability with recurrent dislocations, and to outline the key role of
the subscapularis tendon. There is still much debate regarding whether
bone reconstruction in the case of a bone defect is necessary or not. In
particular, two recently published biomechanical investigations support
the opinion that the subscapularis tendon is the key to the solution.
Kephart et al. (2014) investigated the Bristow procedure with and without the bone at the tip of the conjoined tendons, and found no differences in the stabilizing effect. Both created a bone defect size of 20%.
In this study, an anatomical technique was used to increase the stability
in cases of bone defects. The tenodesis of the subscapularis was able to
reduce the translation.
It was not surprising that the tenodesis of the upper third of the
subscapularis tendon results in a limitation of external rotation. However, the amount of limitation was unexpectedly high. To have less of a
limitation of rotation, it is important to ﬁx the upper third of the
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Fig. 9. Anterior translation of the glenohumeral joint. Measurements with the robot.

Fig. 10. Maximum external rotation of the glenohumeral joint. Measurements with the
robot.

subscapularis tendon in a neutral position of the forearm. During the arthroscopic procedure, the assistant took care to obtain the correct rotation. The orientation was possible because of the k-wire in the humerus
shaft parallel to the epicondyle axis. Therefore, rotation of the arm was
unlikely to be the reason for the observed limitation. However, the clinical experience after the A.S.A. procedure are different concerning the
limitation of external rotation (Maiotti et al., 2015). The limitation of external rotation was in 0° of abduction 6° and in 90° of abduction 3° after
31.5 months follow-up. A possible explanation of the different ﬁnding of
the limitation of external rotation after the A.S.A. procedure in biomechanical testing comparing the clinical results could be the elongation
of the tendon of the subscapularis (Symeonides, 1972). Furthermore,
Tuoheti et al. (2005) observed a thinning of the subscapularis tendon
in MRI after recurrent shoulder dislocations and assumed that it was
the result of elongation of the tendon.
The results obtained in this study represent an immediate postoperatively state regarding the length of the subscapularis tendon. It is
therefore still unknown how these results would change over time in
clinical circumstances in which human tissue has the ability to physiologically relax and lengthen. It was not possible to reproduce in the
specimens the anterior tissue lengthening due to the recurrent dislocations. This fact means that an in vivo elongated subscapularis tendon is
used for tenodesis, and in this study, a tendon with normal length.
The ﬁnding of less limitation of external rotation in abduction than
in adduction after a procedure using the subscapularis tendon for shoulder stabilization conﬁrms, the ﬁndings of Collins et al. (1986). They
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reported a loss of external rotation of 20° after the Putti-Platt procedure
combined with the Bankart procedure; however, Hovelius et al. (1979)
reported of a loss of 6° after the Putti-Platt procedure. The difference between these studies after the Putti Platt procedure is the position of the
arm for the measurement of the rotation. Hovelius et al. (1979) measured it at 90° abduction; Collins et al. at 0° abduction. This result
could be explained by the different distances between the attachment
of the subscapularis tendon at the humerus, and the tenodesis at the
glenoid at 0° abduction vs. 60° abduction.
4.1. Limitations
Our study has some limitations. First of all, this technical setup only
allows for analyses of the glenohumeral joint motion. The scapula was
ﬁxed in the test rig and therefore scapulothoracic motion could not be
simulated. Furthermore, a randomized testing of the different groups
was not possible and the repeated testing could have affected the stiffness of the soft tissue and thus the differences between the groups
could have been inﬂuenced. In the group after bone defects and in the
group after Bankart repair shoulder dislocations could be observed
some cases and needed to be excluded from the analyses. Therefore,
less data for statistical analysis were available and their signiﬁcance
could not be measured. Nevertheless, the differences, which could be
observed, are valuable.
5. Conclusions
We found that the A.S.A. procedure decreases the anterior and anterior-inferior translation after Bankart lesion with additional bone defect
and prevents shoulder dislocation in the biomechanical cadaver study.
External rotation is limited in adduction, and this limitation decreases
in abduction.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.clinbiomech.2016.08.012.
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