










16 SECTION 1 General Principles of Shoulder Instability

Biomechanical studies have shown that the concavity-
compression effect of the labrum is the most effective 
stabilizing mechanism in resisting tangential forces. With 
the labrum intact, the humeral head will resist tangential 
forces of up to 60% of the compressive load. The degree 
of compression stabilization also varied according to the 
circumferential location of the glenoid, where the great-
est magnitude was observed both superiorly and inferi-
orly. This effect may be attributed to the greater glenoid 
labrum depths in those two particular areas (49). The 
average contribution of the labrum to glenohumeral sta-
bility through the concavity compression is around 10%. 
This contribution also varies according to both arm posi-
tion and direction of force with increased stability seen in 
the adducted position and inferior direction, respectively 
(51,52). Rodosky et al. (53) showed that with detach-
ment of the superior glenoid labrum, resistance to tor-
sion is decreased and more strain is placed on the inferior 
glenohumeral ligament (IGHL) which can contribute to 
dynamic anterior instability.

Another theory on the stabilizing effect of the 
labrum is its contribution to the intra-articular negative 
pressure of the shoulder. Habermeyer et al. (54) have 
compared the glenohumeral joint to a piston surrounded 
by a valve. The labrum works as a valve block that seals 
the joint from atmospheric pressure. Traction of the 
arm in a stable shoulder with intact labrum resulted 
in negative pressure that correlated to the amount of 
forces exerted. In contrast, in the unstable shoulder with 
detachment of the anterior inferior labrum, the above 
phenomenon does not exist, thus the piston and valve 
model is not valid. Thus the authors concluded that the 
absence of negative joint pressure disturbs joint mechan-
ics and also the receptors that control motor feedback 
to protect the shoulder dynamically from dislocating 
forces. However, in contrast to the above study, restoring 
the �bumper� effect after Bankart repair to recreate the 
glenoid labrum has not been shown in a cadaver model 
to increase glenohumeral translational stability when 
compared to �xation at the glenoid rim (55).

Capsule and Glenohumeral 
Ligaments
The shoulder capsule has about twice the surface area 
of the humeral head and allows for shoulder range of 
motion (17). The anterior capsule is thicker than the pos-
terior capsule. Ciccone et al. (56) found that the anterior 
shoulder capsule averaged 2.42 mm, inferior capsule aver-
aged 2.8 mm, and posterior capsule averaged at 2.2 mm  
thick. The range in the study was 1.32 to 4.47 mm and 
with signi�cant thinning laterally from the glenoid to 
the humerus. These distinct thickenings in the anterior 
capsule are called glenohumeral ligaments and play 
an important role in shoulder stability. Early cadaver 
studies have evaluated the role and function of these lig-

aments, which comprises SGHL, middle glenohumeral 
ligament (MGHL), and IGHL that is further separated 
into anterior and posterior components (Fig. 2-6). With 
rotation of the arm, speci�c ligaments tighten while oth-
ers loosen. In the midranges of motion (everyday activi-
ties), the capsule and glenohumeral ligaments are in a 
lax state; therefore, does not contribute signi�cantly to 
shoulder stability. However, at the extremes of range of 
motion, different glenohumeral ligaments will tighten 
according to the speci�c position of the arm and control 
humeral head translation to provide stability (17,19). 
The following subsections will discuss the contributions 
of each glenohumeral ligament to shoulder stability.

Rotator Interval
The �rotator interval� is a region that is between the 
superior border of the subscapularis tendon and the 
anterior border of the supraspinatus tendon. The two 
ligaments found within the rotator interval are the 
SGHL and the coracohumeral ligament (CHL) (57). 
The CHL is a dense �brous structure that extends 
from the lateral aspect of the coracoid to the greater 
and lesser tuberosity of the humerus just adjacent to 
the bicipital groove (58). Portions of the CHL form a 
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� Figure 2-6:  Anatomic drawing of the superior, middle, 
and inferior glenohumeral ligaments. Both the intracapsular and 
extracapsular views are represented.
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tunnel for the biceps tendon and blends inferiorly with 
the SGHL. Some investigators have demonstrated the 
CHL as a thin capsular fold without any ligamentous 
form (59), while others have suggested that the CHL 
may represent an accessory insertion of the pectora-
lis minor tendon (41). The SGHL originates from the 
supraglenoid tubercle anteroinferior to the origin of 
the long head of the biceps tendon and inserts onto 
the humerus on the proximal tip of the lesser tuberos-
ity. Signi�cant variations in the size and shape of the 
SGHL exist between individuals. In contrast to the CHL, 
Cooper et al. (59) demonstrated that the SGHL is a liga-
mentous structure with collagen bundles organized in a 
longitudinal direction. Both CHL and SGHL run paral-
lel to each other in the rotator interval to limit inferior 
translation and external rotation in the adducted arm 
position or posterior translation with the arm in �ex-
ion, adduction, and internal rotation (17,19). Further-
more, de�ciency or injury to the rotator interval may 
result in MDI, while contracture in this region may limit 
external rotation and forward �exion (60�62). Lee et al. 
(30) reported that in patients with MDI, the rotator 
interval width and depth were signi�cantly greater than 
in normal patients on MRI. Furthermore, the capsular 
dimensions at the inferior and posteroinferior regions 
were larger as well. However, in contrast to the above 
�ndings, Provencher et al. (63) did not �nd a difference 
in the rotator interval distance between normal patients 
and instability patients. Furthermore, Mologne et al. 
(64) reported that with closure of the rotator interval in 
a cadaver model bene�ted or decreased anterior insta-
bility; however, posterior instability did not improve.

Middle Glenohumeral Ligament
The MGHL has the greatest variations among individuals 
and is absent in up to 30% of cases and poorly de�ned 
in another 10% (22,65,66). It typically originates from 
the superior glenoid just inferior to the SGHL between the 
1-o�clock and 3-o�clock positions and blends in with the 
subscapularis tendon as its insertion approximately 2 cm 
medial to the lesser tuberosity (8,67). There are two varia-
tions to the MGHL that include a sheet-like structure that is 
con�uent with the anterior band of the IGHL or a cord-like 
structure with a foraminal separation from the IGHL called 
a �Buford� complex (68,69). The MGHL primarily limits 
anterior humeral head translation with the arm abducted 
to 45 degrees and externally rotated. When the arm is in 
the adducted position, the MGHL functions to limit exter-
nal rotation and inferior translation (8,17,70).

Inferior Glenohumeral Ligament
The IGHLC is a hammock-like structure that originates 
from the anterior inferior glenoid rim and labrum to 
insert below the MGHL on the inferior margin of the 
humeral articular surface and anatomic neck (Fig. 2-7). 

The IGHLC is divided into three main components: A 
thick anterior band, a thinner posterior band, and the 
interposed axillary pouch between the two bands (65). 
Cadaver studies have found that the anterior band of the 
IGHLC averages 2.8 mm while the posterior portion of 
the IGHLC averages 1.7 mm in thickness. However, the 
authors could not identify a distinct posterior band (71). 
Recent studies also support that the posterior band of the 
IGHLC is less consistent than both the anterior band and 
the axillary pouch (72). The IGHLC function to support 
the humeral head and prevent translation when the arm 
is in the abducted position (73). Global stability requires 
function of all three components of the IGHLC. With 
abduction and external rotation of the arm, the entire 
complex becomes taut and moves beneath the humeral 
head to prevent anterior translation. However, with 
internal rotation and abduction, the IGHLC functions to 
limit posterior translation (17,19). When the arm is in 
the 90-degree abduction and extension (30 degrees), the 
anterior band of the IGHLC prevents excessive anterior 
and posterior translation. Conversely, with the arm in 
the 90-degree abduction and �exion (30 degrees) posi-
tion, the posterior band of the IGHLC prevents excessive 
anterior and posterior translation (74).

Tensile testing of the anterior band of the IGHLC 
in the position of clinical apprehension (abduc-
tion and external rotation) revealed that 66% of the 
specimens failed at the glenoid insertion while 34% 
failed at the midsubstance and humeral insertion. 
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� Figure 2-7:  The inferior glenohumeral ligament complex 
provide support to the humeral head like a hammock (A). Reciprocal 
tightening in external rotation (B) and internal rotation (C) provides 
barrier to prevent anterior and posterior instability, respectively.
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18 SECTION 1 General Principles of Shoulder Instability

Failure at the glenoid insertion region can be grouped 
into two separate pathologies. In one scenario, the 
failure occurred with the labrum completely avulsed 
from the glenoid bone (63%) and the other failure 
mode occurred at the ligament�labral junction with 
the labrum remained attached to the glenoid (37%). 
Before failure, all regions of the IGHLC experienced 
signi�cant amount of strain (75). The ultimate load to 
failure of the anterior band (213 to 353 N) was not sig-
ni�cantly different between the three modes of failure 
(glenoid, midsubstance, or humeral site). However, the 
amount of elongation was found to be greater at the 
glenoid and humeral insertion sites than specimens 
with midsubstance failures. Thus the yield strain at the 
glenoid and humeral region was larger than the mid-
substance area prior to failure; however, permanent 
stretching of the anterior band IGHLC could never 
exceed a length greater than 4% strain (67,75). Several 
other studies have also investigated the strain of the 
IGHLC before failure and reported higher values of 9% 
to 11% (71,72). This difference may be attributed to 
the differences in the cadavers, modes of measurement, 
and equipment. Failure mode is also age dependent; in 
younger patients the disruption of the anterior band 
of the IGHLC typically occurs at the glenoid site while 
older individuals tend to fail at the midsubstance. Fur-
thermore, the ultimate load of failure is signi�cantly 
higher in the younger age group (76).

DYNAMiC STABiLiZERs

Rotator Cuff Musculature and  
Biceps Tendon
The rotator cuff musculature comprises supraspinatus, 
infraspinatus, teres minor, and subscapularis muscles. 
Contribution of the rotator cuff muscle group to gleno-
humeral stability occurs through three distinct mecha-
nisms (39,77�79) that include: (1) joint compression, 
(2) coordinated contraction of the cuff muscle to guide 
the humeral head onto the center of the glenoid, and 
(3) dynamization of the glenohumeral ligament with 
shoulder range of motion through the cuff attachments 
(65). The rotator cuff muscles are well positioned to 
provide a coordinated compressive joint load to sta-
bilize the shoulder throughout the different ranges of 
motion. Lippitt et  al. (49) �rst described the effect of 
�concavity compression� in which compression of the 
humeral head into the glenoid cavity stabilizes it against 
translating forces (Fig. 2-8). With the labrum intact, the 
humeral head resisted tangential forces of up to 60% 
of the compressive load before instability. The greatest 
stabilizing effect was seen in the superior and inferior 
directions (52) while the least stable direction is ante-
rior (51), which may be attributed to the glenoid depth 
in these regions respectively. Furthermore, resection of 

the labrum decreased the effectiveness of the compres-
sion stabilization effect by approximately 20%. This 
value has been debated in literature, with a more recent 
study demonstrating the average contribution of the 
labrum to glenohumeral stability through the concavity 
compression is only 10%. Stability was also greater in 
the hanging arm position compared to arm abduction� 
external rotation under the concavity-compression 
mechanism (51). These �ndings indicate that the effect 
of concavity compression may be an important sta-
bilizer of the glenohumeral joint in the midranges of 
motion when the capsuloligamentous structures are lax. 
When the arm is in the extremes of motion, the capsu-
loligament structures are stretched to enhance their con-
tribution to stability.

Cocontraction of the cuff muscles with the long 
head of the biceps tendon enhances the conformity 
�t of the humeral head onto the glenoid and further 
stabilizes the glenohumeral joint (80�83). The sta-
bilizing effect of the rotator cuff on glenohumeral 
dynamic stability has been well demonstrated in the 
literature. Kronberg et al. (84) revealed altered rotator 
cuff and deltoid EMG activity in patients with gener-
alized ligamentous laxity and instability when com-
pared to normal individuals. Warner et al. (85) further 
demonstrated rotator cuff muscle strength differences 
in patients with shoulder instability compared to nor-
mal. McMahon et al. (86) has also shown signi�cantly 
reduced EMG activity in the supraspinatus muscle from 
30 to 60 degrees of abduction in patients with anterior 
shoulder instability. In a dynamic shoulder model, 

� Figure 2-8:  Cocontraction of the rotator cuff musculature 
results in compression of the humeral head onto the glenoid surface 
to improve dynamic stability of the glenohumeral joint.
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