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capsule according to the location of the glenohumeral joint 
decreased to 83.4 ± 21.2 kPa in the 0° abduction and −30° 
external rotation positions and showed a 300.7 ± 42.9 kPa 
peak value in the 60° abduction and 60° external rotation 
positions. In both free ALPSA and Bankart lesions, the 
lowest pressure between the labral lesion and the glenoid 
was measured at 0° abduction and −30° external rotation, 
and the highest pressure was recorded at 60° external rota-
tion and 60° abduction.
Conclusion  The contact pressure between the cap-
sulolabral complex and the glenoid significantly increased 
when the abduction and external rotation angles were 
increased. Based on our results, the conservative manage-
ment in free ALPSA lesions would respond better than 
Bankart lesions.
IRB or ethical committee approval  YWMR-12-0-038.

Keywords  Free ALPSA lesion · Bankart lesion · 
Shoulder dislocation · Cadaver study · Biomechanical 
study

Introduction

Although anterior shoulder dislocation is a common patho-
logic condition, no treatment method has been identified as 
the gold standard [3]. One of the most widely used treat-
ment methods is immobilization using an arm sling or 
brace with adduction and internal rotation, but this treat-
ment results in a high recurrence rate [20], especially in 
young or athletic patients [2].

In 1999, Itoi et al. [9] reported the presence of a ‘coapta-
tion zone’ during the immobilization period and suggested 
positions (such as adduction and external rotation or abduc-
tion and neutral rotation) for maintaining the zone based on 

Abstract 
Purpose  Anterior shoulder dislocation is a common 
injury, but the optimal management of dislocation remains 
controversial. We hypothesized that reducing the shoulder 
in externally rotated position would aid the reduction in 
capsulolabral lesions. Thus, in this study, contact pressure 
between the capsulolabral lesion and the glenoid in free 
ALPSA and Bankart lesions was measured using a cadaver 
model.
Methods  In 10 specimens, the humerus was externally 
rotated by abduction on the coronal plane to measure the 
contact pressure between the capsulolabral complex and 
glenoid in free ALPSA and Bankart lesions using a Teks-
can pressure system. Stability of the joint was confirmed 
using the Vicon motion analysis system.
Results  In the normal shoulder joint, the peak pres-
sure between the subscapularis muscle and the anterior 
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a cadaver study. These suggestions incited new techniques 
for treating anterior shoulder dislocations and spawned 
further discussion. In 2003, Itoi et al. [7] suggested a new 
method of immobilization. They found that patients treated 
with external rotation had a lower recurrence rate than 
those treated with internal rotation after initial dislocation 
of the shoulder. Many other studies have confirmed these 
findings [5, 13, 23, 25], determining that immobilization 
with external rotation is more effective than internal rota-
tion. However, other studies [14, 16] and systemic reviews 
[10, 17, 27] found that the use of conventional immobili-
zation methods with either internal or external rotation did 
not affect recurrence rates after the initial anterior shoul-
der dislocation. Moreover, external rotation was associated 
with low compliance among patients.

Current practice divides patients into first-time and 
recurrent shoulder dislocation groups, and distinct lesions 
resulting from the first and recurrent dislocations have 
been described. Such differentiation was first attempted 
by Antonio et al. [1] and later by Kim et al. [12]. Accord-
ing to these studies, the two most common lesions are 
free ALPSA and Bankart lesions, and the prevalence of 
free ALPSA and Bankart lesions in first-time dislocation 
patients ranges from 23 to 27 %. Thus, it was hypothesized 
that externally rotating the arm promoted contact pressure 
in the capsulolabral complex by enhancing the reduction 
in the capsulolabral lesion. The contact pressures between 
the capsulolabral lesion and the glenoid were compared 
between free ALPSA and Bankart lesions during exter-
nal rotation of the glenohumeral joint using a fresh-frozen 
cadaver shoulder model. To determine the effects of con-
servative treatment on two types of lesions (free ALPSA 
and Bankart lesions) commonly occurred in the first-time 
shoulder dislocation, the contact pressures at each lesion 
were observed.

Materials and methods

Experiments were conducted on 14 shoulders of seven 
fresh-frozen cadavers. All cadaver donors were male, and 
their mean age was 52.3 ± 2.7 years. Of the 14 shoulders, 
those with histories of shoulder fracture, shoulder surgery, 
shoulder dislocation, shoulder joint arthritis, rotator cuff 
tear, anatomical variation and damage in the labrum, and 
glenoid deformity were excluded, and the remaining 10 
shoulders were selected for this study.

Preparation

The fresh-frozen cadavers were frozen at −20  °C and 
thawed at room temperature for 36 h before experiments. 
The humerus and scapula were dissected, excluding the 

glenohumeral joint capsule and the rotator cuff. When 
the deltoid muscle was dissected, the centre of the deltoid 
insertion site of the humerus shaft was marked. The rota-
tion centre of the humerus was marked considering the 
locations of the medial and lateral epicondyles and excised 
10 cm inferior to the deltoid insertion centre. A hole was 
made at the centre of the deltoid insertion using a drill, 
and tension was applied using a wire after a screw was 
inserted (deltoid force was applied to the opposite side 
using a pulley and a wired screw). The supraspinatus mus-
cle, infraspinatus muscle, subscapularis muscle, and teres 
minor muscle bellies were detached from the scapula, and 
the musculotendinous junction was sutured using no. 5 
Ethibond Excel (Ethicon, Somerville, NJ, USA) to apply 
tension separately to the muscles. The muscle loads were 
determined based on the outcomes of previous studies on 
the cross-sectional area (Table 1) [19]. The humerus shaft 
was fixed on a custom-made jig, and the scapula was fixed 
on the jig after four holes were made in the body with the 
medial border perpendicular to the ground.

A three-dimensional motion capture system (Vicon 
Nexus, Vicon Motion System Ltd., UK) with six cameras 
(MX-T10, Vicon Motion System Ltd., UK) was used to 
determine the joint stability, glenohumeral abduction, and 
rotation angle. The accuracy of the system was proven in 
previous studies [28]. Based on the results of a study by 
Poitras et  al. [19], six reflective markers were attached to 
the anatomical locations of the scapula (trigonum spinae 
scapulae, angulus inferior, and angulus acromialis) and the 
humerus (glenohumeral rotation centre, lateral epicondyle, 
and medial epicondyle) to define the coordinate system of 
the scapula and humerus according to the recommenda-
tions of the International Society of Biomechanics [29]. 
The coordinate system of the scapula and the humerus 
was defined using the trajectories of the reflective markers 
obtained during the experiments. The glenohumeral angle 
was calculated using the Y–X–Y Euler rotation sequence.

Pressure was measured using a Tekscan pressure sensor 
model 4205 (Tekscan Inc., MA, USA) of the K-scan™ sys-
tem (Tekscan Inc., MA, USA). This sensor was 45.7 mm 
wide, 41.9 mm tall, and 0.178 mm thick and could mini-
mize interference in normal joint movement. In prior real 
testing, the sensor was calibrated with the maximum pres-
sure of 2068  kPa using an Instron® (Illinois Tool Works 

Table 1   Static weights loaded to rotator cuff muscles

Muscle Loads (N)

Deltoid 43

Suprascapularis 9

Subscapularis 26

Infrascapularis and teres minor 22
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Inc., MA, USA); thus, the minimum pressure was 8.1 kPa. 
The pressure data were recorded using an I-scan® software 
(Tekscan Inc., MA, USA).

The Tekscan pressure sensor was inserted between the 
subscapularis muscle and the anterior capsule of 10 nor-
mal fresh-frozen shoulders. The humerus was externally 
rotated in 0°, 30°, 45°, and 60° coronal abduction positions 
to −30° (internal rotation), 0° (neutral), 30°, 45°, and 60° 
to measure the pressures at the respective angles. Then, 
posterior capsulectomy was performed. The posterior cap-
sule was medially displaced, and the labrum was almost 
detached freely, but still remained through the intact ante-
rior glenoid periosteum to the scapula in five shoulders to 
make free ALPSA lesion (not adherent ALPSA) (Fig. 1) in 
the 3 to 6 o’clock position of the labrum (the anteroinfe-
rior labrum) using a curved periosteal elevator. We surgi-
cally detached the labrum and tore the anterior glenoid per-
iosteum of the five remaining shoulders to make Bankart 
lesions (Fig.  2). The Tekscan pressure sensor was posi-
tioned between the capsulolabral complex and the glenoid 
with the labral lesion to measure the pressure at the same 
positions as in previous experiments.

This study was approved by the Institutional Review 
Board of Wonju College of Medicine, Yonsei University 
(Approval No. YWMR-12-0-038).

Statistical analysis

Two-way ANOVA was performed to determine whether 
there were any interactions between the abduction and rota-
tion angles on the peak pressure. Then, post hoc analysis 
was performed using Tukey’s method for multiple compari-
sons of mean differences in peak pressure. The significance 
level was set at 0.05 (p < 0.05), and all statistical analyses 
were performed using SPSS version 20.0 (SPSS Inc., Chi-
cago, IL, USA).

Results

The mean area of the surgically formed free ALPSA 
lesions was 2.5 ± 0.2 cm2, and of the Bankart lesions was 
2.9 ± 0.1 cm2. The average humeral head translation was 
4.0 ± 0.2 mm superiorly and 2.5 ± 0.2 mm anteriorly. The 
angular repeatability in abduction was 1.6°  ±  0.3° and 
1.1° ± 0.3° in external rotation.

In the normal shoulder joint, the peak pressure between 
the subscapularis muscle and the anterior capsule accord-
ing to the location of the glenohumeral joint decreased 
to 83.4  ±  21.2  kPa in 0° abduction and −30° external 
rotation positions and showed a 300.7 ±  42.9  kPa peak 
value in the 60° abduction and 60° external rotation posi-
tions (Table 2). Generally, as the glenohumeral joint was Fig. 1   Schematic view of free ALPSA lesion

Fig. 2   Schematic view of Bankart lesion
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externally rotated, the mean peak pressure was signifi-
cantly increased (p  <  0.05) except between the 30° and 
45° (n.s.) (Fig.  3). Similarly, the glenohumeral abduc-
tion resulted in the increase in the peak pressure, show-
ing a significance between the 0° and others (i.e. 30°, 
45° and 60°) (p < 0.01), and the 30° and 60° (p < 0.043) 
only (Fig.  4). Table  3 shows the peak pressures between 
the capsulolabral complex and the glenoid according to 
glenohumeral joint location in the free ALPSA lesion. 
The lowest pressure of 122.1 ±  26.7  kPa was observed 
at 0° abduction and −30° external rotation, and the high-
est pressure of 382.4 ± 57.7 kPa at 60° abduction and 60° 
external rotation. As the glenohumeral joint externally 
rotated, the peak pressure was significantly increased 
(p < 0.01) except between −30° and 0°(n.s.), 30° and 45° 
(n.s.), and 45° and 60° (n.s.) (Fig. 5). Similarly, the peak 
pressures at 60° abduction were significantly greater than 
other abduction positions (p  <  0.01) (Fig.  6). The peak 
pressures between the capsulolabral complex and the 
glenoid according to glenohumeral joint location in the 
Bankart lesion are shown in Table 4. The lowest pressure 
of 91.6 ±  30.1  kPa was observed at 0° abduction, −30° 
external rotation, and 60° abduction, and the highest pres-
sure of 363.1  ±  49.3  kPa at 60° external rotation. The 

differences between the −30° and 0° (n.s.), 30° and 45° 
(n.s.), and 45° and 60° (n.s.) external rotations were not 
significant, but those between all other external rotation 
angles were significant (p < 0.01) (Fig. 7). The difference 
between the 0° and 30° abductions (n.s.) was not signifi-
cant but tended to increase, while the differences between 
all the other abduction angles were significant (p < 0.01) 
(Fig. 8).

Table 2   Contact pressure between the subscapularis and the anterior 
capsule (normal shoulder)

ER ABD

0° 30° 45° 60°

−30° 83.4 ± 21.2 106.7 ± 30.5 110.5 ± 27.6 110.3 ± 24.9

0° 95.5 ± 23.5 152.1 ± 34.8 163.6 ± 43.2 157.3 ± 33.7

30° 197.9 ± 31.2 229.9 ± 32.7 243.1 ± 35.4 262.8 ± 39.5

45° 217.4 ± 37.5 252.2 ± 37.7 259.9 ± 32.7 275.4 ± 36.7

60° 240.2 ± 36.1 275.2 ± 34.7 283.5 ± 35.5 300.7 ± 42.9

Fig. 3   Contact pressure in normal shoulder among the external rota-
tion angles. *The mean is p < 0.05

Fig. 4   Contact pressure in normal shoulder among the abduction 
angles. *The mean is p < 0.05

Table 3   Contact pressure between the capsulolabral complex and the 
glenoid in free ALPSA lesions

ER ABD

0° 30° 45° 60°

−30° 122.1 ± 26.7 164.6 ± 32.1 182.5 ± 32.8 236.9 ± 36.8

0° 134.6 ± 35.8 173.8 ± 40.7 208.9 ± 43.3 267.7 ± 40.4

30° 242.2 ± 49.4 255.3 ± 46.8 276.6 ± 47.7 303.8 ± 54.4

45° 267.3 ± 36.5 296.4 ± 45.5 298.4 ± 55.1 330.1 ± 45.8

60° 289.8 ± 41.1 312.7 ± 47.3 329.3 ± 47.3 382.4 ± 57.3

Fig. 5   Contact pressure in free ALPSA lesions among the external 
rotation angles. *The mean is p < 0.05
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Discussion

The purpose of this study was to examine the effects of the 
conservative treatment on free ALPSA and Bankart lesions 
through direct measurement of contact pressure between 
the capsulolabral lesion and glenoid. As a result, the con-
tact pressure significantly increased as the abduction and 

external rotation angles were increased, and the increase in 
contact pressure was greater in free ALPSA lesions than in 
Bankart lesions. These could lead that free ALPSA lesions 
would be better in reduction than Bankart lesions through 
immobilization in external rotation in first-time anterior 
shoulder dislocation.

Anterior shoulder dislocation frequently develops in 
association with high-energy trauma or sports activi-
ties with mean recurrence rates of 33–52  %, which can 
increase to up to 66–82 % in patients 20 years of age or 
younger and in athletes [6, 24]. Due to high recurrence 
rates, new approaches that are unlike conservative treat-
ments for first-time anterior shoulder dislocation have 
been suggested.

Hart and Kelly [4] performed arthroscopy to treat first-
time anterior shoulder dislocation and observed improve-
ments in external rotation of the arm and tightening of the 
anteroinferior portion of the capsulolabral complex. These 
improvements in the external rotation of the arm conse-
quently enhanced the reduction in Bankart lesions. Itoi 
et al. [8] supported that result, showing that capsulolabral 
complex reduction with 10° external rotation immobili-
zation could reduce the recurrence rate of shoulder dislo-
cation. Pennecamp et  al. [18] found that MRI of anterior 
shoulder dislocation patients showed that labrum loca-
tion was more physiologic in the external rotation than 
in other positions. Seybold et  al. [22] confirmed that the 
capsulolabral complex was more significantly reduced in 
the external rotation position than in the internal rotation 
position using MRI. In the present study, the peak pressure 
between the capsulolabral complex and the glenoid showed 
increases in external rotation. In free ALPSA and Bankart 
lesions, the peak pressure significantly increased between 
the 0° and 30° rotations and also increased, but not signifi-
cantly, between the −30° and 0° external rotations. There-
fore, 30° external rotation in the neutral position may be 

Fig. 6   Contact pressure in free ALPSA lesions among the abduction 
angles. *The mean is p < 0.05

Table 4   Contact pressure between the capsulolabral complex and the 
glenoid in Bankart lesions

ER ABD

0° 30° 45° 60°

−30° 91.6 ± 30.1 108.8 ± 33.2 122.8 ± 32.4 183.8 ± 38.3

0° 109.6 ± 33.0 130.7 ± 35.6 176.5 ± 41.3 211.1 ± 51.5

30° 143.8 ± 37.2 166.4 ± 40.4 230.3 ± 39.9 327.4 ± 49.3

45° 154.6 ± 39.5 181.4 ± 39.5 251.5 ± 45.0 351.6 ± 46.5

60° 163.4 ± 36.5 200.2 ± 40.0 288.3 ± 49.4 363.1 ± 49.3

Fig. 7   Contact pressure in Bankart lesions among the external rota-
tion angles. *The mean is p < 0.05

Fig. 8   Contact pressure in Bankart lesions among the abduction 
angles. *The mean is p < 0.05
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better than internal rotation for maintaining reduction in the 
capsulolabral complex and the glenoid.

The coaptation effect of the subscapularis muscle is 
required for capsulolabral complex reduction through 
external rotation. Limpisvasti et al. [16] denied that coap-
tation of the subscapularis muscle occurs in external rota-
tion, while Itoi et al. [9] proposed that the coaptation effect 
was unlikely due to bony geometry, as the lesser tuberosity 
protrudes anteriorly. However, coaptation pressure caused 
by the subscapularis muscle was observed in the abduction 
and external rotation of the glenohumeral joint in the pre-
sent study. The coaptation power tended to increase with 
external rotation angle rather than abduction angle. We 
confirmed that the peak pressure significantly increased at 
−30° in the 0°, 30°, 45°, and 60° external rotations, but 
pressure differences were nonsignificant between the 30° 
and 45°, and 45° and 60° abductions.

It was necessary to confirm whether the coaptation pres-
sure that functioned on the capsulolabral complex actually 
reduced capsulolabral complex lesions. Unlike previous 
studies [21, 26], which suggested that Bankart lesions are 
the most common lesions in shoulder dislocation, recent 
studies suggested that shoulder dislocations are observed in 
conjunction with various intra-articular lesions. Kim et  al. 
[12] reported the presence of various intra-articular lesions 
in patients with first-time shoulder dislocations, and of 
these, free ALPSA (27.2  %) and Bankart (24.2  %) lesions 
were most common pathologies. There are many discrepant 
results among previous studies because of their methodology 
of approaching the shoulder dislocation as a whole instead 
of accounting the particular lesions occurring within the 
dislocation. Thus, it is our thought that without considering 
the particular lesions found within first-time shoulder dislo-
cations, past studies inevitably obtained contradictory out-
comes. Seybold et al. [23] support this perspective as well, 
noting that significant improvements were observed using 
external rotation for labroligamentous lesions on the glenoid 
rim. Perthes lesions showed better reduction than Bankart 
lesions in external rotation. Considering these results, we 
chose to examine free ALPSA and Bankart lesions in this 
study, because reduction was expected to occur through 
coaptation pressure of the subscapularis muscle only in bony 
Bankart, Bankart, and free ALPSA lesions, which are near 
the glenoid, whereas capsular tear and HAGL lesions were 
not effectively reduced through external rotation. Although 
the Bankart and free ALPSA lesions are representative cap-
sulolabral lesions caused by anterior shoulder dislocations, 
they differ because in free ALPSA lesions, the labrum is 
attached to the periosteum, so lesion reduction is possible 
not only through coaptation pressure of the subscapularis 
muscle, but also through tension of the capsule connected to 
the periosteum via the external rotation of the glenohumeral 
joint. However, Bankart lesions are not connected to the 

labrum and the periosteum and therefore can only be reduced 
by coaptation pressure. Bankart and free ALPSA lesions are 
most frequently targeted in studies of intra-articular lesions 
after first-time anterior shoulder dislocation, so we used 
these lesions in the present study [1, 11, 12, 15].

In Bankart and free ALPSA lesions, the pressure 
between the capsulolabral complex and the glenoid 
increased with abduction and external rotation. Free 
ALPSA lesions showed greater peak pressure and increased 
pressure compared to Bankart lesions, because the tight-
ening of the anterior capsulolabral complex in the exter-
nal rotation position on the lesions was the same, but the 
periosteal ligamentotaxic effect was significantly reduced 
in the free ALPSA lesions. The pressure also increased in 
Bankart lesions according to glenohumeral position, but 
according to studies examining the usefulness of external 
rotation, the pressure was fixed at the 0° abduction and 
10° external rotation positions. Accordingly, the increase 
in pressure in the Bankart lesion was not significant and 
was also nonsignificant between −30° and 0° because 
Bankart lesions showed less pronounced ligamentotaxic 
effects than did free ALPSA lesions, which consequently 
showed less reduction. These diverse results for immobili-
zation in external rotation drawn from the previous studies 
of Bankart lesions are explained by the diversity of intra-
articular lesions and ligamentotaxic effects.

The limitations of this study included its small sample 
size, the fact that it was not an in vivo study, but a cadav-
eric study, the restrictions in scapular dynamic movement 
according to shoulder motion, and measurements of pas-
sive motion instead of active motion according to mus-
cle power. In addition, we created labral lesions to incite 
shoulder instability, but gross evaluations of the degree of 
instability were not possible. Pressure measurement using 
the K-scan™ system (Tekscan Inc., MA, USA) is inac-
curate on surfaces compared to planes. Nevertheless, our 
results suggest that first-time anterior shoulder disloca-
tions may be successfully treated by reducing the shoulder 
in the externally rotated position. Our study is meaningful 
because we have shown that in anterior shoulder disloca-
tion patients, free ALPSA lesions exhibited better reduction 
and recovery than Bankart lesions through immobilization 
in external rotation. Thus, differential diagnoses of intra-
articular lesions through MRA and MRI are essential, since 
the identification of these intra-articular injuries may be 
helpful when selecting patients who may benefit from brac-
ing in the externally rotated position.

Conclusion

Contact pressure between the capsulolabral complex and 
the glenoid was significantly increased with abduction and 



356	 Knee Surg Sports Traumatol Arthrosc (2016) 24:350–356

1 3

increases in the external rotation angle. The increase in 
contact pressure was much higher in free ALPSA lesions 
than in Bankart lesions. In first-time anterior shoulder 
dislocation patients, free ALPSA lesions showed better 
reduction than Bankart lesions through immobilization in 
external rotation, indicating that differential diagnosis of 
intra-articular lesions through MRA or MRI is essential.

Disclaimer  This work was supported by a Grant from Yonsei Uni-
versity Wonju College of Medicine (YUWCM-2012-21).
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