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Abstract: Objectives: To theoretically confirm that the glenohumeral ligament (GHL), specifically the inferior gleno-
humeral ligament (IGHL), plays an important role in posterior shoulder stability in different postures, and to provide
reference for clinical diagnosis and treatment of posterior shoulder instability (PSl). Materials and Methods: In this
retrospective study, bone-ligament-bone models were established in 15 fresh adult shoulder joint specimens and
selective cutting was performed for analysis. The humeral head was loaded posteriorly at a central pressure of 22N
using the INSTRON8874 biomechanical testing system and the load-displacement curve was plotted. The posterior
displacement of the humeral head was measured after continuous cutting of the following structures: (1) complete;
(2) superior glenohumeral ligament (SGHL); (3) SGHL + middle glenohumeral ligament (MGHL); (4) SGHL + MGHL
+ IGHL; (5) MGHL; (6) MGHL + IGHL; (7) anterior-bundle IGHL (IGHL-AB); (8) posterior-bundle IGHL (IGHL-PB); (9)
IGHL. The results obtained were analyzed using the SPSS10.0 statistical software. Results: Favorable posterior
stability of the complete bone-ligament-bone model was observed, with an average displacement of 11.32+3.89
mm. The displacement of SGHL and SGHL + MGHL groups was not significantly increased compared with that in the
complete group (P>0.05). After cutting of SGHL + MGHL + IGHL, the posterior displacement of all angles increased
(P<0.05), resulting in PSI that was manifested in dislocation or subluxation. There was no obvious increase in pos-
terior displacement after cutting the IGHL-AB (P>0.05). Significantly increased posterior displacement was observed
at 45° abduction after cutting the IGHL-PB compared with the complete group, but not at the 90° abduction. The
posterior displacement increased obviously at both 45° and 90° abduction when the IGHL was completely cut off
(P<0.05). Conclusions: Repairing the IGHL plays a certain role in rebuilding the posterior stability of the shoulder
joint. Detecting the function of the IGHL in the abduction and external rotation positions of the shoulder joint has
certain significance for diagnosing PSI.

Keywords: Glenohumeral ligament (GHL), superior glenohumeral ligament (SGHL), middle glenohumeral liga-
ment (MGHL), inferior glenohumeral ligament (IGHL), anterior-bundle inferior glenohumeral ligament (IGHL-AB),
posterior-bundle inferior glenohumeral ligament (IGHL-PB), load-displacement curve, glenohumeral joint, posterior
shoulder instability (PSI)

Introduction tion. Correspondingly, the humeral head is

prone to dislocation or subluxation from the gle-

The shoulder joint, or the glenohumeral joint, is
the most flexible ball-and-socket joint of the
whole body, with its joint surface covering only
1/3-1/4 of the humeral head and loose joint
capsule and strong muscle groups surrounding
it, all of which make the shoulder joint move in
a large range that allow for movements such as
flexion, extension, retraction, protraction, inter-
nal rotation, external rotation, and circumduc-

noid cavity, known as shoulder instability. The
humeral head can be dislocated in all direc-
tions, with anterior and inferior dislocations
more commonly seen and a relatively low inci-
dence of posterior dislocations, accounting for
only 4% of acute shoulder dislocations. Cooper
first described posterior shoulder instability
(PSI) as early as in 1839, and Malgaigne first
reported it in bulk in 1855.
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To accommodate the characteristics of shoul-
der motion, a number of mechanisms have
played a role in constraining the posterior dis-
placement of the humeral head. Generally
speaking, the stable structures of the shoulder
joint can be classified into two types: static and
dynamic stability structures. The former mainly
refers to the morphology of the joint capsule,
ligaments, intra-articular negative pressure
and glenoid cavity, while the latter refers to the
muscles and tendons, especially the four mus-
cles that make up the rotator cuff. Existing
research shows that in the normal range of
motion, the dynamic structure plays the main
stabilizing role, while the static structure only
plays a role in the limit position. Shoulder joint
movement is the result of multiple mecha-
nisms. The humeral head is prone to posterior
instability and even dislocation and subluxa-
tion when the statically stable structure is dis-
eased or defective. Therefore, it is of great sig-
nificance to study the static stability structure
of the shoulder joint for clinical diagnosis and
treatment of patients with shoulder joint-asso-
ciated diseases.

According to shoulder anatomy, the ligaments
around the shoulder joint mainly consist of the
glenohumeral ligament (GHL), coracohumeral
ligament (CHL) and coracoacromial ligament
(CAL). Of them, the CHL is the thickened part of
the shoulder capsule. The GHL, which arises
from the lower anterior part of the anatomical
neck of the humerus and ends up inward at the
supraglenoid tuberosity and glenoid lip of the
glenoid, can be further divided into superior
(SGHL), middle (MGHL) and inferior glenohu-
meral ligament (IGHL). The SGHL is thin and
parallel to the long head tendon of the biceps
brachii, with the upper part attached to the
superior glenoid and the root of the coracoid
process. The MGHL originates from the glenoid
lip and scapular neck and is attached to the
tubercle, with great variation. While the IGHL is
triangular with its tip attached to the glenoid
lip and its base mixed with the joint capsule
between the subscapularis muscle and triceps
brachii muscle, thickening the lower part of the
shoulder joint capsule. Histological examina-
tions reveal that the IGHL can be further classi-
fied as anterior-bundle IGHL (IGHL-AB), posteri-
or-bundle IGHL (IGHL-PB), and Axillary Pouch.
The IGHL is attached to the glenoid lip, with the
IGHL-AB located in the direction of 2-4 o’clock,
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IGHL-PB in the direction of 7-9 o’clock, and the
Axillary Pouch in between [1]. Shoulder joint
stability owes to the result of multiple factors
and mechanisms. There are complex interac-
tions between dynamic and static stability
structures, with the tension of the static stabil-
ity structure varying from position to position.
How to accurately determine the effect of a
single factor without the interference from
other factors is a difficulty in shoulder biome-
chanics research. However, PSl is a rare condi-
tion, with no research reporting the biomechan-
ics of posterior instability in China. Accordingly,
this study investigated the static effect of GHL
on maintaining posterior shoulder stability by
selective ligament cutting, so as to provide the-
oretical basis for clinical diagnosis and treat-
ment of PSI.

Materials and methods
Specimen preparation

In this retrospective study, fresh upper extrem-
ity specimens were collected from 15 adult
male corpses (age: 20-40 years, mean age: 28
years) with no shoulder injury or medical histo-
ry, and no bone and soft tissue diseases as
confirmed by X-ray examinations. Specimens
were stored in the refrigerator at -20°C and
removed 24 h before the formal experiment.
We cut approximately 1/3 of the upper arm
humerus with a bone saw, dissected the shoul-
der joint, and removed the muscles around the
shoulder joint, including the superficial triceps
brachii, deltoid, pectoralis major, pectoralis
minor, platysma and biceps brachii (the long
tendon of biceps to join the joint capsule was
retained), the deep subscapularis, teres minor,
supraspinatus and infraspinatus (retaining the
four tendons that feed into the joint capsule),
so as to establish a bone-ligament-bone model
(Figure 1A and 1B). This study was approved by
the Ethics Committee of West China Hospital,
Sichuan University.

Immediately after dissection, all specimens
were refrigerated in a freezer at about 2°C. A
rubber strip and a 2-kg weight (Figure 1C) were
used to apply about 22N pressure to the center
of the humeral head to the glenoid cavity, a
pressure that has been shown to allow mild dis-
placement of the humeral head without dislo-
cation under a certain load [2].
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Figure 1. Research models and equipment. A: Posterior view of the bone-
ligament-bone model. B: Anterior view of the bone-ligament-bone model. C:
A 2.24-kg weight maintains a center load of 22N on the humerus head. D:
INSTRON8874 Biomechanical Testing System.

Fixation of specimens

Four screws were used to approximately fix the
scapula horizontally on a homemade scaffold,
ensuring that the distal humerus was movable.
The humerus was fixed to the scaffold by
screws with a protractor when the humerus
was 0°, 45°, and 90° from the horizontal line. A
single screw was then fixed 3 cm under the
greater tuberosity of the humerus and a 2.24
kg traction weight was connected with a thick
wire to maintain the central load of 22N for the
whole device.

Measuring tool

A hydraulic servo-material mechanics testing
machine (INSTRON8874 Biomechanical Test-
ing System) (Figure 1D) was used to carry out
uniaxial tensile, compression and rotation
tests; it can slowly increase the load to an ideal
value within a set period of time while measur-
ing the displacement caused by the load and
drawing the load-displacement curve to evalu-
ate the tensile resistance of the test object.
The uniaxial compression test was carried out
with a loading speed of 10.0 mm/min at normal
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temperature and pressure. A
10KN sensor was used, and
the loading was stopped when
the load reached 50N, an
ideal load for the pretest and
similar tests to allow mild dis-
placement of the humeral
head without subluxation or
dislocation [3].

Test methods and outcome
measures

1) The 15 specimens were
randomized to 5 groups with
3 specimens in each group
(Supplementary Table 1).

2) The shoulder with an
abduction of 0°, 45° and 90°
was measured for each
specimen.

3) Each position was pressed
from front to back with
INSTRON8874. To ensure re-
producibility and to eliminate
other influencing factors, ea-
ch force point was located at the same position
of the humeral head. The lateral displacement
of the humeral head was recorded, and a load-
displacement curve was plotted.

4) A ligament was cut off. In case of an anatomi-
cal gap or the absence of ligaments at this site,
the corresponding joint capsule documented in
the literature was cut off [1]. Then Step 3 was
repeated.

5) Step 3 was repeated after sequentially excis-
ing the next ligament.

Statistical methods

Step 1 of all specimens was unified into one
group, and the other steps were grouped inde-
pendently, with 9 groups of data in total.
First, the SPSS10.0 statistical software was
used to analyze the test data. Analysis of
variance (ANOVA) was applied for the compari-
son between groups among three abdu-
cent angles, followed by the LSD method to
perform pairwise comparisons if statistical sig-
nificance (P<0.05) was present in the former
test.
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Table 1. Between- and within-group ANOVA for the abducent angle at 0°, 45° and 90°

Sum of Squares df Mean Square F Sig.

Between Groups 0° 31.495 8 3.937 0.326 0.950

45° 457.622 8 57.203 3.915 0.003

90° 453.621 8 56.703 2.454 0.036
Within Groups 0° 362.818 30 12.094

45° 438.315 30 14.610

90° 693.183 30 23.106 693.183 30
Total 0° 394.313 38

45° 895.937 38

90° 1146.804 38

Table 2. Original test results of group 1 specimens (unit: mm)

Abducent angle Specimen 1 Specimen 2 Specimen 3
Complete 0° 13.15 13.15 10.80
45° 11.32 11.32 9.16
90° 9.82 9.49 6.99
After cutting off SGHL 0° 17.64 13.32 12.48
45° 12.32 12.65 14.65
90° 8.49 8.82 9.32
After cutting off SGHL + MGHL 0° 13.15 13.49 10.32
45° 12.82 13.15 10.66
90° 10.32 10.15 8.65
After cutting off SGHL + MGHL + IGHL 0° 14.15 12.15 12.32
45° 11.15 7.81 10.16
90° 19.64 17.81 22.64

SGHL: Superior Glenohumeral Ligament, MGHL: Middle Glenohumeral Ligament, IGHL: Inferior Glenohumeral Ligament.

Results

Comparison between- and within-groups by
ANOVA

The outcome of ANOVA between and within
groups for the three abducent angles (0°, 45°
and 90°) is as follows.

The P value of ANOVA between groups was
greater than 0.05 for 0° abduction (Table 1),
indicating no significant difference between
the procedures at 0° abduction, which may be
due to the fact that all parts of the GHL were in
a relaxed state at 0° abduction with no poste-
rior stabilizing effect. The P values of the other
two angles were both less than 0.05 (Table 1),
suggesting the presence of significant differ-
ences between the groups. Therefore, within-
group ANOVA (LCD method) was performed
only on 45° and 90° groups.

1956

Group 1 specimens

Step 1: The complete bone-ligament-bone
model had good posterior stability, with no
posterior dislocation or subluxation under the
afterload of 50N. The average displacements
at 45° and 90° were 10.99+3.26 mm and
10.01+£4.76 mm, respectively, with a mean of
11.32+3.89 mm (Tables 2 and 3).

Significant tension of the inferior articular cap-
sule was observed at 45°-90° of shoulder
abduction (Figure 2A).

Step 2: SGHL was cut off in front of the biceps
tendon of the three specimens (Figure 2B).
After loading, the average displacements at
45° and 90° abductions were 13.21+1.26
mm and 8.86+0.41 mm, respectively, with a
mean of 12.18+2.97 mm (Table 3). Compared
with the complete group, the P values of 45°
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Table 3. Test results of group 1 specimens after sorting (unit: mm)

Neutral abduction of shoulder joint (NR*)

45° 90° Mean

1. Complete 12.98+3.05 10.99+3.26 10.01+4.76  11.32+3.89
2. After cutting off SGHL 14.48+2.77 13.21+1.26 8.8610.41 12.18+2.97
3. After cutting off SGHL + SGHL 12.32+1.74 12.21+1.35 9.71+0.92 11.41+1.75
4. After cutting off SGHL + MGHL + IGHL 12.87+1.11 9.71+1.72 20.03+2.44  14.20+4.84

*: NR, neutral rotation.

Figure 2. Stability test on group 1 specimens. A: P-direction stability test for
the complete shoulder joint. B: A-direction stability test for SGHL damage
at 0° abduction. C: A-direction stability test for SGHL + MGHL damage at
90° abduction. D: Posterior bundle of the inferior glenohumeral ligament.
E: P-direction dislocation after GHL was completely severed. SGHL: Superior
Glenohumeral Ligament.

and 90° displacement groups were 0.367 and
0.712, respectively (Tables 4 and 5), both of
which were greater than 0.05 without statisti-
cal significance, indicating that SGHL had little
relationship with posterior stability in the above
positions.

Step 3: The MGHL was cut off at the 1-3 o’clock
position above the glenoid lip, with the IGHL
retained (Figure 2C). After loading the load
backward, the average displacements at 45°
and 90° abductions were 12.21+1.35 mm and
9.71+£0.92 mm, respectively, with a mean of
11.41+£1.75 mm (Table 3), which differed insig-
nificantly compared with the complete group
(Tables 4 and 5). It shows that the combined
action of SGHL and MGHL does not contribute
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much to posterior stability in
the above positions.

Step 4: Similarly, the three
parts of the IGHL, i.e., IGHL-
AB, IGHL-PB, and Axillary
Pouch, were continued to be
removed from the first group
of specimens, leaving only
the posterior part of the joint
capsule. In this experiment, it
was found in anatomy that
the posterior capsule wall
was thickened in the direction
of 7-9 o'clock of the glenoid
cavity, with its elasticity and
texture obviously different fr-
om those of the surrounding
capsule tissue (Figure 2D).

After the resection of all three
parts of the GHL, it was found
that the posterior stability
was extremely poor, with sub-
luxation found in specimen
3 (Figure 2E); the displace-
ments at 45° and 90° ab-
duction were 9.71+£1.72 mm
and 20.03+2.44 mm, respec-
tively (mean: 14.20+4.84 mm), with the pres-
ence of a significant difference at 90° abduc-
tion (P = 0.003, Table 5). In addition, it was
observed that the IGHL-PB was significantly
strained at 90° abduction, indicating that the
IGHL-PB played an important role in posterior
stability at 45°-90° abduction.

Group 2 specimens
Step 1: Same results as group 1 were obtained.

Step 2: In the second group of specimens,
MGHL was cut off at the position of 1-3 o’clock
above the anterior glenoid lip (Supplementary
Figure 1). The average displacements at
45° and 90° abductions were measured as
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Table 4. Pairwise comparison (LSD method)
results after variance analysis among 9 test
groups at the 45° abduction angle

Mean Difference

g g () Std. Error  Sig.
1.00 2.00 -2.2120 2.41748 0.367
3.00 -1.2153 2.41748 0.619
4.00 1.2880 2.41748 0.598
5.00 -.5987 2.41748 0.806
6.00 -1.7687 2.41748 0.470
7.00 2.4547 241748 0.318
8.00  -12.3120 (*) 2.41748 0.000
9.00 -2.0087 2.41748 0.413
2.00 3.00 9967 3.12095 0.752
4.00 3.5000 3.12095 0.271
5.00 1.6133 3.12095 0.609
6.00 4433 3.12095 0.888
7.00 4.6667 3.12095 0.145
8.00  -10.1000 (*) 3.12095 0.003
9.00 .2033 3.12095 0.948
3.00 4.00 2.5033 3.12095 0.429
5.00 .6167 3.12095 0.845
6.00 -.5533 3.12095 0.860
7.00 3.6700 3.12095 0.249
8.00 -11.0967 (*) 3.12095 0.001
9.00 - 7933 3.12095 0.801
4.00 5.00 -1.8867 3.12095 0.550
6.00 -3.0567 3.12095 0.335
7.00 1.1667 3.12095 0.711
8.00  -13.6000 (*) 3.12095 0.000
9.00 -3.2967 3.12095 0.299
5.00 6.00 -1.1700 3.12095 0.710
7.00 3.0533 3.12095 0.336
8.00  -11.7133(*) 3.12095 0.001
9.00 -1.4100 3.12095 0.655
6.00 7.00 4.2233 3.12095 0.186
8.00 -10.5433 (*) 3.12095 0.002
9.00 -.2400 3.12095 0.939
7.00 800 -14.7667 (*) 3.12095 0.000
9.00 -4.4633 3.12095 0.163

8.00 9.00 10.3033 (*) 3.12095 0.002
*The mean difference is significant at the 0.05 level.

11.59+3.09 mm and 7.16+0.92 mm, respec-
tively, with a mean of 10.76+£3.69 mm (Supp-
lementary Tables 2 and 3), which was not sta-
tistically different from that of the complete
group (Tables 4 and 5) (P>0.05), indicating that
MGHL in the above positions has little relation-
ship with posterior stability.
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Table 5. Pairwise comparison (LSD method)
results after variance analysis among 9 test
groups at the 90° abduction angle

Mean Difference

hHheg g () Std. Error  Sig.
1.00 2.00 1.1313 3.04014 0.712
3.00 .3013 3.04014 0.922
4.00 -10.0220(*) 3.04014 0.003
5.00 2.8480 3.04014 0.356
6.00 -6.6453 (*) 3.04014 0.037
7.00 2.0280 3.04014 0.510
8.00 -1.4220 3.04014 0.643
9.00 -2.6453 3.04014 0.391
2.00 3.00 -.8300 3.92480 0.834
400  -11.1533(*) 3.92480 0.008
5.00 1.7167 3.92480 0.665
6.00 -1.7767 3.92480 0.057
7.00 .8967 3.92480 0.821
8.00 -2.5533 3.92480 0.520
9.00 -3.7767 3.92480 0.344
3.00 4.00 -10.3233(*) 3.92480 0.013
5.00 2.5467 3.92480 0.521
6.00 -6.9467 3.92480 0.087
7.00 1.7267 3.92480 0.663
8.00 -1.7233 3.92480 0.664
9.00 -2.9467 3.92480 0.459
4.00 5.00 12.8700 (*) 3.92480 0.003
6.00 3.3767 3.92480 0.396

7.00 12.0500 (*)  3.92480 0.005
8.00 8.6000 (*) 3.92480 0.036

9.00 7.3767 3.92480 0.070
5.00 6.00 -9.4933 (*) 3.92480 0.022
7.00 -.8200 3.92480 0.836
8.00 -4.2700 3.92480 0.285
9.00 -5.4933 3.92480 0.172
6.00 7.00 8.6733 (*) 3.92480 0.035
8.00 5.2233 3.92480 0.193
9.00 4.0000 3.92480 0.316
7.00 8.00 -3.4500 3.92480 0.386
9.00 -4.6733 3.92480 0.243
8.00 9.00 -1.2233 3.92480 0.757

*The mean difference is significant at the 0.05 level.

Step 3: Similarly, the IGHL was cut off com-
pletely in the second group of specimens
(Supplementary Figure 2). After loading, the
posterior shoulder stability decreased signifi-
cantly, and subluxation and dislocation gradu-
ally appeared when the abduction was greater
than 45°. The shoulder posterior displace-
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ments at 45° and 90° abductions were
12.76+5.27 mm and 16.65+10.38 mm, res-
pectively (mean: 13.84+6.89 mm); the dis-
placement was not significantly different from
that of the complete group at 45° (P>0.05),
but a significant difference was present at 90°
abduction compared with the complete group
(P<0.05) and at 90° compared with the previ-
ous step (Tables 4 and 5), indicating that IGHL
also has a posterior stabilizing effect at 90°.
The above results indicate that IGHL plays an
important role in stabilizing the posterior shoul-
der joint when the abduction is 45°-90°.

Group 3 specimens (simple cutting-off of the
IGHL-AB)

Step 1: Same results as group 1 were obtained.

Step 2: In the third group of large specimens,
only IGHL-AB was cut off (Supplementary Fi-
gure 3); the average displacements at 45° and
90° abductions after loading were 8.54+0.86
mm and 7.98+0.74 mm, respectively, with
a mean of 10.74+5.17 mm (Supplementary
Tables 4 and 5), showing no evident differenc-
es compared with the complete group at both
45° and 90° (P>0.05). It confirms that the
IGHL-AB has no posterior stabilizing effect in
the above positions.

Group 4 specimens (simple cutting-off of the
IGHL-AB)

The abduction displacements at 0°, 45°
and 90° abductions were 12.81+2.52 mm,
23.30+£6.92 mm, and 11.43+5.29 mm, res-
pectively (mean: 15.85+7.23 mm) (Supple-
mentary Tables 6 and 7), when only the IGHL-
PB was cut off (Supplementary Figure 4).
Compared with the complete group, the differ-
ence was significant at 45° abduction (P<
0.05, Table 4) but non-significant at 90° ab-
duction (P>0.05, Table 5). It is suggested that
the IGHL-PB plays an important role in posterior
stability at 45° abduction, but it has no marked
effect on posterior stability at 90° abduction,
which is different from the expected results.

Group 5 specimens (simple cutting-off of the
IGHL)

Step 1: Same results as group 1 were obtained.

Step 2: For this group of specimens, the aver-
age 45° and 90° abduction displacements
after cutting-off all the 3 parts of the
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IGHL (IGHL-AB, IGHL-PB, and Axillary Pouch)
and loading (Supplementary Figure 5) were
13.00+7.21 mm and 12.65+5.74 mm, respec-
tively (mean: 12.91+4.66 mm, Supplementary
Tables 8 and 9), which has no statistical dif-
ference compared with the complete group
(Tables 4 and 5). However, it is significantly dif-
ferent from the average value of the complete
displacement of the three specimens in this
group, which may be due to individual differ-
ences and anatomical variation. The above
data partially indicate that the IGHL-PB has a
stabilizing effect on the posterior shoulder joint
when the shoulder abduction is greater than
45°,

Horizontal comparison

The horizontal comparison of all groups show-
ed that at 45° abduction, the posterior dis-
placement of the IGHL-PB group was the larg-
est, reaching 23.30£6.92 mm (Figure 3A and
3B); while at 90° abduction, the SGHL + MGHL
+ IGHL group had the largest posterior dis-
placement, reaching 20.03+2.44 mm (Figure
3C), followed by MGHL + IGHL group (16.65+
10.38 mm). The displacement after the cutting
off of the IGHL-PB was the largest in all groups
(Figure 3D and 3E), which also indicates the
important role of the LGHL-PB in posterior
shoulder stability.

Discussion

Biomechanical research on shoulder joint sta-
bility

Selective cutting is an important method to
study static structures. The principle of this
method is to selectively cut off a certain struc-
ture, impose a certain load to the humeral head
in a fixed direction before and after cutting
off, and measure the displacement of the
humeral head caused by the load, so as to
judge whether the structure has the function of
limiting the humeral head displacement [4]. By
removing the muscles and tendons around the
joint capsule, eliminating other confounding
factors, and selecting suitable test instruments
and fixation methods, the stress of shoulder
joint in extreme position can be truly simulated.
The purpose of this method is to determine the
stabilizing effect of a single static structure
without interference of other factors, and to
explain the clinical mechanism of multidirec-
tional shoulder instability. Our experimental
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results show that this method is effective in
evaluating the stabilization effect of a static
structure on shoulder joint when other interfer-
ing factors are excluded as much as possible.
Compared with the previous research methods
of measuring structural damage after violent
impact, this test can more intuitively simulate
the clinical situation of shoulder instability,
which is an effective static biomechanical
research method.

Role of SGHL in posterior shoulder stability

The SGHL is the most common of the three
GHLs, originating from the anterior upper por-

1960

T
9.00

m0°
m45°
m9(°

20.00

15.00

10.00

Mean Means of translation (mm)

T T T T
4.00 500 6.00 7.00

45° abduction horizontal

T
3.00 9.00

16.00
~ 15.00
£
E
= 14.00
=3
g
=
£ 13.00
s
&
s
S 12.00
£
«
<
= 11.00-

10.00-

Complete  SGHL  sGmi,  SCHL MGHL MGHL IGHL+AB IGHL+PB IGHL
+MGHL +MGHL +IGHL
+IGHL
Comprehensive horizontal comparison of all angles

Figure 3. Abduction horizontal comparison re-
sults. A: 0° abduction horizontal comparison
results. B: 45° abduction horizontal comparison
results. C: 90° abduction horizontal comparison
results. D: Comprehensive horizontal compari-
son of all angles. E: Comprehensive horizontal
comparison of all angles.

tion of the glenoid lip, which is oriented oblique-
ly downward and parallel to the long head ten-
don of the biceps brachii. Depalma [4] found
that the starting points of SGHL in 73 of the 96
specimens were initially attached to the MGHL,
biceps tendon and glenoid lip, while 20 were
attached to the biceps tendon and glenoid lip,
2 to the MGHL, IGHL and glenoid lip, and 2 were
missing. Most of the stops are located in the
small tubercle that is closely related to the CHL;
this ligament runs from the outside to the inside
of the joint, like the femoral head ligament,
resulting in the fact that the ligament is not vis-
ible in the joint capsule.

Am J Transl Res 2023;15(3):1953-1963



Effect of glenohumeral ligaments on posterior shoulder stabilization

This research showed that the SGHL had no
obvious effect on the posterior stability at all
abduction angles in the rotationally neutral
position, nor was there any obvious tension
of the SGHL during the experiment. However,
since INSTRON8874 can only provide two-
dimensional plane load instead of multi-dimen-
sional shoulder joint movement positions, it
remains to be defined whether the SGHL has
a posterior stabilizing effect in other positions.
In experiments similar to ours, O’'Connell [5]
measured the A-direction pressure, strain and
stress of the GHL and CHL in a three-angle,
external rotation position using the TTC Instron
Universal three-dimensional testing device, an
instrument that can provide a fixed torque to
the humeral head. It is concluded that SGHL
and MGHL provide the maximum anterior sup-
port at 0° abduction. Warner et al. [6] also vali-
dated that the SGHL was the most important
factor to maintain the stability of the lower
shoulder joint at 0° abduction, whilst the ten-
sion of this ligament can be observed. The
superior articular capsule ligament and the
CHL play a major role in maintaining posterior
stability during shoulder adduction, whereas if
the SGHL is absent or dysplastic, the CHL tak-
es over. Bowen et al. [7] suggested that when
the upper limb was in the anteflexion position,
the upper joint capsule and rotator cuff were
responsible for PSI.

Role of MGHL in PSI

The MGHL starts from the glenoid lip and scap-
ular neck, runs below the SGHL, and attaches
to the tubercle, with a close relationship with
the subscapular tendon and the position,
attachment point, width and thickness varying
the most among the three parts of the GHL.
Depalma [4] reported that among the 96 cases,
the MGHL was obviously present in 68 cases,
not obviously present in 16 cases, and absent
in 12 cases. Snyder et al. [8] reported a ham-
mock-like MGHL that was attached to the
biceps tendon instead of the anterior and supe-
rior glenoid lip.

This trial showed that simple damage to the
MGHL did not cause a significant increase in
the posterior displacement of the humeral
head at all shoulder abduction angles, suggest-
ing that the MGHL cannot stabilize the posteri-
or part in a rotationally neutral position.
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The MGHL has been suggested to be most
important for the anterior stability of the shoul-
der joint, because it is located in the lower
anterior part of the joint capsule with many vari-
ations. When thickened, it becomes the most
important stabilizing structure to compensate
for the partial functions of the SGHL and
IGHL. Turkel et al. [9] believed that the MGHL
and the IGHL-AB were the main stabilizing
structures in front of the shoulder joint when
the abduction was less than 45 degrees.
Ovesen et al. [10] demonstrated that the
MGHL played an anterior stabilizing role when
the shoulder abduction was 70°-90°. As
described above, O’Connell et al. [5] argued
that 0O° abduction contributed to the important
role of the MGHL. Ovesen et al. [10] also
believed that when shoulder abduction was
0°-40°, the anterior rotator cuff and the ante-
rior joint capsule (part of the MGHL) also con-
tribute to the posterior instability, suggesting
that the joint capsule as a whole and its parts
could compensate for each other’s stability.

Role of IGHL in posterior shoulder stability

Recent studies have shown that the IGHL,
which runs from the glenoid and glenoid lip to
the anatomical neck of the humerus, is not a
complete structure but a complex. O’brien et al.
[1] divided the IGHL into three parts: IGHL-BD,
IGHL-PB, and Axillary Pouch in the middle. The
three parts were composed of painless fiber
bundles as observed by histology and anatomic
microscopy. The attachment point of the IGHL
in the humeral neck varies widely. Part of the
semicircular collar of the IGHL is attached
below the attachment point of the humeral
joint capsule (slightly below the surgical neck
of the humerus), and the other part is attached
in a “V” shape, with the Axillary Pouch at the
apex of the V. Internal or external rotation is
easily observed during shoulder abduction.
The attachment points of the IGHL on the gle-
noid lip are located at 2-4 o’clock in the an-
terior part and 7-9 o'clock in the posterior part,
with the Axillary Pouch, a hammock-like struc-
ture, lying between them. In this study, signifi-
cant thickening at 6-8 o’clock-direction was
also observed in the posterior part of the shoul-
der capsule, which increased with the abduc-
tion tension of the shoulder joint. However, it
was absent in 3 (20%) of the 15 specimens. For
specimens without significant anatomical vari-
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ation, the lower third of the posterior articular
capsule was cut off. McGlynn et al. [11] found
that glenoid labrum tear without IGHL injury
would not cause anterior dislocation, but sim-
ple inferior ligament tear can.

This study showed that the IGHL was in a
relaxed state at O° abduction, with the tension
increased as the abduction increased. At 90°
abduction, the anterior, posterior bundle and
Axillary Pouch of the IGHL were obviously
stretched and tense. After selective cutting of
the IGHL-PB, the posterior displacement was
obviously increased, even with the appearan-
ce of posterior subluxations and dislocations.
This suggests that the IGHL-PB plays a very
important role that is greater than MGHL in the
posterior stability when the abduction of the
shoulder joint is more than 45°.

Influence of other static structures

In addition to ligaments, other structures also
have static effects. There is a glenoid lip ar-
ound the glenoid to increase the glenoid fossa
depth; the glenoid is slightly backward, and the
line perpendicular to the glenoid fossa is the
glenoid centerline [12, 13], which forms an
angle of 10° with the scapular axis under nor-
mal circumstances. This study also found that
the cutting off of all the GHLs can easily lead to
anterior dislocations, while it had little influ-
ence on posterior dislocations, which may be
related to this angle. In addition, the glenohu-
meral joint is not the only important joint struc-
ture between the scapula and the humerus [14,
15]. The coracoacromial arch, sternoclavicular
joint, acromioclavicular joint, scapular-chest
wall connection, and subacromial mechanism
all have stabilizing effects on shoulder joint. All
of the above factors may influence the test
results to a certain extent.

Moreover, there are some shortcomings in the
study. First of all, the sample size of this study
is small, so more cadaver samples and differ-
ent degrees of central pressure are needed for
further research. In addition, all the included
specimens had no shoulder injuries or medical
history, nor bone and soft tissue diseases con-
firmed by X-rays. While actually, ligament injury
itself will have a certain impact on the stability
of the shoulder joint. Thus, we will include more
specimens with different conditions for com-
parison in subsequent studies.
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Conclusion

In conclusion, the IGHL is the main static struc-
ture that maintains the posterior stability of the
shoulder joint in extreme positions. The SGHL
and MGHL do not limit the posterior displace-
ment of the humeral head in the rotationally
neutral position of the shoulder joint. The IGHL-
PB is the most important static structure in
shoulder rotationally neutral position at 45°-
90° abduction. Clinically, IGHL function exami-
nation can reveal the posterior instability of the
shoulder joint, and reconstruction of IGHL func-
tion is of great significance for the clinical treat-
ment of PSI.
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Supplementary Table 1. Specimen grouping and operation procedures

Groups Specimen No.  Operating procedures
1 1-3 Step 1: complete model loading and after-loading
Step 2: loading and after-loading following cutting off SGHL
Step 3: loading and after-loading following cutting off SGHL + MGHL
Step 4: loading and after-loading following cutting off SGHL + MGHL + IGHL
2 4-6 Step 1: complete model loading and after-loading
Step 2: loading and after-loading following cutting off MGHL
Step 3: loading and after-loading following cutting off MGHL + IGHL
3 7-9 Step 1: complete model loading and after-loading
Step 2: loading and after-loading following cutting off IGHL-AB
4 10-12 Step 1: complete model loading and after-loading
Step 2: loading and after-loading following cutting off IGHL-PB
5 13-15 Step 1: complete model loading and after-loading

Step 2:

loading and after-loading following cutting off IGHL

Supplementary Figure 1. P-direction stability test for MGHL damage at 45° abduction.

Supplementary Table 2. Original test results of group 2 specimens (unit: mm)

Abducent angle Specimen 1 Specimen 2 Specimen 3
Complete 0° 11.64 12.98 13.32
45° 9.65 13.31 8.98
90° 18.64 5.66 5.66
After cutting off MGHL 0° 14.31 12.32 13.99
45° 11.98 14.48 8.32
90° 10.82 6.66 4.00
After cutting off MGHL + IGHL 0° 15.32 15.82 5.17
45° 12.15 18.32 7.82
90° 10.66 28.64 10.66

Supplementary Table 3. Test results of group 2 specimens after sorting (unit: mm)

Neutral abduction of shoulder joint (NR*)

0° 45° 90° Mean

1. Complete
2. After cutting off MGHL

3. After cutting off MGHL + IGHL

12.98+3.05 10.99+3.26 10.01+4.76 11.32+3.89
13.54+1.07 11.59+3.09 7.16+0.92 10.76+3.69
12.10+6.01 12.76+5.27  16.65+10.38 13.84+6.89

*: NR, neutral rotation.

1



Effect of glenohumeral ligaments on posterior shoulder stabilization

Supplementary Figure 2. Joint cutting of MGHL + IGHL.

Supplementary Figure 3. Posterior stability test of simple IGHL-AB injury at 45° abduction.
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Supplementary Table 4. Original test results of group 3 specimens (unit: mm)

Abducent angle Specimen 1 Specimen 2 Specimen 3
Complete 0° 9.48 13.82 14.98
45° 12.82 9.79 10.65
90° 18.64 7.99 7.82
After cutting off IGHL-AB 0° 23.80 12.49 10.82
45° 7.82 9.49 8.31
90° 7.45 7.66 8.83
Supplementary Table 5. Test results of group 3 specimens after sorting (unit: mm)
Neutral abduction of shoulder joint (NR*) 0° 45° 90° Mean
1. Complete 12.98+3.05 10.99+3.26 10.01+4.76 11.32+3.89
2. After cutting off IGHL-AB 15.70+7.06 8.54+0.86 7.98+0.74 10.74+£5.17
*: NR, neutral rotation.
Supplementary Table 6. Original test results of group 4 specimens (unit: mm)
Abducent angle Specimen 1 Specimen 2 Specimen 3
Complete 0° 17.48 16.81 14.98
45° 19.48 10.31 14.15
90° 10.49 18.98 5.49
After cutting off IGHL-PB 0° 15.65 11.98 10.82
45° 25.14 29.13 15.65
90° 15.65 13.15 5.49
Supplementary Table 7. Test results of group 4 specimens after sorting (unit: mm)
Neutral abduction of shoulder joint (NR*) 0° 45° 90° Mean
1. Complete 12.98+3.05 10.99+3.26 10.01+4.76 11.32+3.89
2. After cutting off IGHL-PB 12.81+2.52 23.30+6.92 11.43+£5.29 15.85+7.23

*: NR, neutral rotation.

Supplementary Figure 4. Anterior stability test of simple IGHL-PB injury at 45° abduction.



Effect of glenohumeral ligaments on posterior shoulder stabilization

Supplementary Figure 5. Anterior stability test of IGHL at 90° abduction.

Supplementary Table 8. Original test results of group 5 specimens (unit: mm)

Abducent angle Specimen 1 Specimen 2 Specimen 3

Complete 0° 5.49 15.65 10.98

45° 7.16 11.49 5.33

90° 8.49 7.64 8.32
After cutting off IGHL 0° 9.66 13.32 16.31

45° 5.88 20.31 12.82

90° 6.83 18.31 12.82
Supplementary Table 9. Test results of group 5 specimens after sorting (unit: mm)
Neutral abduction of shoulder joint (NR*) 0° 45° 90° Mean
1. Complete 12.98+3.05 10.99+3.26 10.01+4.76  11.32+3.89
9. After cutting off IGHL 13.09+3.33 13.00+7.21 12.65+5.74  12.91+4.66

*: NR, neutral rotation.



