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Abstract

Introduction The number of patients above 40 years suffering an anterior shoulder dislocation for the first time has recently
increased. This study investigated the role of glenoid version, inclination and rotator interval dimension in patients older
than 40 years with an anterior shoulder dislocation. We hypothesize that the rotator interval plays a more important role than
the osseus alignment in older patients.

Materials and methods Patients aged older than 40 years with a traumatic shoulder dislocation were compared with patients
who had undergone magnetic resonance imaging (MRI) for a different reason. The MRIs of 61 dislocation group patients
were compared with MRIs of 73 comparison group patients. Two shoulder surgeons measured glenoid version, inclination,
height and width, rotator interval (RI) height, base (width) and area. The study and comparison group consisted of 61 patients
with a mean age of 59 +9 years and 73 patients with a mean age of 57 + 12, respectively.

Results The mean glenoid version of the dislocation group was —4.9° +4.4° (retroversion) and mean inclination was 9.8° + 8°
(reclination). Mean rotator interval base, height and the rotator interval area was 46 + 6 mm, 14 +5 mm and 33 + 14 mm2,
respectively. The comparison group had a mean glenoid version of —5.4° +5.4° and a mean inclination of 10.8° +6.2°. The
rotator interval base was 41 +6 mm, the height was 16 +4 mm and the area was 34 + 11 mm?. The between-group differences
were statistically significant for rotator interval height and base (p <0.0001). A significant difference was revealed for the
height-width ratio of the glenoid (»p =0.0001).

Conclusions In patients older than 40 years who have suffered anterior shoulder dislocation, the shape of the glenoid rather
than its spatial position is of significance. A wide and high rotator interval promotes anterior shoulder dislocation in these
patients.
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Introduction

The shoulder joint is the most frequent joint to dislocate
with a incidence rate of about 23 in 100,000 person-years in
industrial countries [18, 30]. Anterior shoulder dislocation is
a common reason for patients to seek help in an emergency
department. The patients are mostly young, active individu-
als with a peak around the age of 25 years. However, patients
above 40 years have recently caught up [10]. Current stud-
ies showed a rising number of dislocation events in older
patients [7, 20, 25]. Although demographic change has been
progressing, there has been no study so far examining the
shoulder morphology in magnetic resonance imaging (MRI)
scans of patients above 40 years who suffered a traumatic
anterior shoulder dislocation.

There have been several publications dealing with risk
factors of younger individuals or athletes who suffered from
a traumatic anterior shoulder dislocation, describing the cap-
suloligamentous structures and dynamic muscle equilibrium
[2, 3, 15,21, 24]. However, only few have taken a closer look
to the osseus anatomy of the glenoid and its angulation [9,
14, 21]. It was shown that a high and slim glenoid, a negative
inclination and a lesser retroversion of the glenoid increase
the likeliness of an anterior shoulder dislocation in younger
patients [9]. The degenerative depletion of the rotator cuff
[27] in older people and the role of the rotator interval con-
cerning a dislocation event are not fully understood.

The purpose of this study was to measure the glenoid
version, inclination, coracohumeral distance, rotator interval
and glenoid surface of patients above 40 years of age who
suffered a traumatic anterior shoulder dislocation. Compar-
ing these patients with the same age group without a history
of shoulder dislocation, we hypothesized that a high and thin
glenoid, more anterior version and increased inferior inclina-
tion contribute to a higher risk of shoulder joint dislocation
in older patients.

Materials and methods

This study was designed as a retrospective comparative
study.

Patient population

Our retrospective case—control study included patients who
underwent MRI imaging at our radiology department after
suffering a traumatic shoulder dislocation for the first time
at the age of 40 years or older between 2009 and 2017. One
hundred and fourteen MRIs were performed for patients
older than 40 years who were treated with a traumatic

@ Springer

anterior shoulder dislocation at our trauma center. Fifty-
three patients were excluded due to evidence of injuries as
stated below or insufficient MRI quality compromising our
measurements. Subsequently, the dislocation group con-
sisted of 61 patients (25 female, 36 male) with a mean age
of 59 +9 years and a median age of 57 years.

The MRI was performed in an outpatient setting. The
inclusion criteria were: anterior shoulder dislocation treated
at our emergency room, a history of trauma such as fall or
low energy bicycle trauma, a documented dislocation by the
referring medical practitioner or with a dislocation docu-
mented on an available radiograph, an MRI conducted at
our radiology department and an age of 40 years and older
at the time of injury. Patients were excluded if there were
previous fracture dislocations, bony Bankart lesions, high
energy trauma, previous surgery to the glenoid or proximal
humerus and a history of atraumatic and habitual disloca-
tions. The comparison group consisted of 73 patients (33
female, 40 male) with an age of above 40 years. The main
inclusion criteria were the availability of a shoulder MRI
with no prior history of shoulder joint dislocation. The indi-
cations for the MRIs in the comparison group were rotator
cuff tears 28, impingement syndrome 15, calcific tendinitis
4, frozen shoulder 6, biceps tendon injury 3 and unspecific
shoulder pain 17.

Imaging

Unilateral noncontrast MRI scans were obtained 6 +4 days
after the initial trauma using a 3 T system. The scans were
performed according to a pre-established protocol consist-
ing of four sequences (PDw SPIR axial and coronal oblique,
T1w TSE coronal oblique and T2w TSE sagittal oblique)
with a slice thickness of 2.5 mm and a reconstructed voxel
size of X=0.3 mm, Y=0.3 mm, Z=12 mm. The results in
millimeters have been rounded to the first decimal place.
Patient position was supine and the arm held on the side
of the body, forearm in supinated position, and the hand
under the os ilium to keep the humeral position during the
examination. The scans contained oblique coronal, axial and
sagittal planes. The coronal oblique images were acquired in
a plane parallel to the supraspinatus tendon.

Two trauma surgeons specialized in shoulder surgery
reviewed these images separately and independently and
measured the glenoid version, glenoid height, glenoid width,
coracohumeral distance and rotator interval.

Measurement of the glenoid version

Measurement of the glenoid version was conducted as
shown in the study of Hohmann or Tétreault et al. [9, 26].
The axial image directly inferior to the supraspinatus muscle
where the posterior border of the scapular neck was first time



Archives of Orthopaedic and Trauma Surgery (2019) 139:181-187

183

clearly visible was analyzed. A line was drawn along the
axis of the glenoid surface. The scapular axis was defined
as another line joining the posterior glenoid neck and junc-
tion of the scapular body medially. The glenoid version was
defined as the measured angle minus 90. Anteversion was
defined as a positive angle and retroversion as a negative
angle; see Fig. 1.

Measurement of glenoid inclination

To quantify the glenoid inclination or reclination, the
method described by Maurer et al. [19] was used. There-
fore, the deepest point of the supraspinatus fossa in the coro-
nal oblique plain was identified, and the scapular body line
was drawn through this utmost deepest point. Another line,
namely the glenoid fossa line, was defined reaching from
the uppermost to the lowest point of the glenoid. Again, by
subtracting 90 from the angle formed by the scapular body
line and glenoid fossa line, the inclination was calculated. A
positive angle indicated caudal (reclination) and a negative
angle cranial inclination. See Fig. 2.

Rotator interval

The rotator interval was defined by an imaginary triangle
[22, 29]; its base was marked along the superior border
of the subscapularis muscle to the anterior border of the
supraspinatus muscle and consistently ended at the lateral
ridge of the sulcus bicipitalis at the superior margin of the
transverse humeral ligament. Based on the imaginary tri-
angle mentioned above, the width of the rotator interval is
referred to as the “base” in this study. The triangle’s height

Fig.2 The measurement of glenoid inclination (reclination) in coro-
nal MRI slides

reached from the superior edge of the subscapularis ten-
don directly at the lateral base of the coracoid process to
the anterior border of the supraspinatus tendon, where it
intersected a line orthogonally to the superior edge of the
subscapularis tendon at the lateral base of the coracoid. This
triangular space contained the biceps tendon, the superior
glenohumeral ligament, the glenohumeral capsule, and the
coracohumeral ligament.

The measurement of the rotator interval and its area was
performed in the same manner as Kim et al., by compar-
ing MRI with MR arthrography [14]. The height was meas-
ured on the sagittal image, and the rotator interval base was

Fig. 1 The measurement of the glenoid version (retroversion) and the
coracohumeral distance in axial MRI slides

Fig. 3 The measurement of the glenoid width, height and the rotator
interval height in the sagittal plane
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Fig.4 The measurement of the rotator interval base in axial MRI
plane

measured on the axial image as described above; see Figs. 3
and 4. The area was calculated as 0.5 X base X height.

Glenoid measurements

The glenoid height and width were measured using the sag-
ittal plane in which the humeral head disappeared the first
time and the rotator cuff was clearly visible. See Fig. 3. The
glenoid index was calculated by dividing the height by the
width, i.e., height in mm/width in mm = glenoid index.

Statistics

Means and standard deviations were calculated for age,
glenoid version, glenoid inclination, base, height, glenoid
diameter, rotator interval area and rotator interval index.

Independent samples ¢ test and Mann—Whitney tests were
used to compare the results.

As a measure of interrater reliability, intraclass correla-
tion coefficients (ICCs) were calculated by the two observers
for all the measured variables. Based on the 95% confidence
interval of the ICC estimate, values less than 0.5, between
0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90
were indicative for poor, moderate, good, and excellent reli-
ability, respectively [1].

All statistical analyses were performed with SPSS statisti-
cal software version 25.0 (SPSS, Chicago, IL). P values <
0.05 (2-sided) were considered statistically significant.

Results

The mean version in the dislocation group was —4.9° +4.4°
(retroversion) and the mean inclination was 9.8° +8.3° (rec-
lination); see Table 1. The mean rotator interval height, base
and the mean calculated area (rotator interval area) were
14+5 mm, 46 +6 mm and 33 + 11 mm?, respectively. For
the coracohumeral interval, a mean of 12 +4 mm in the dis-
location group was measured. The mean dimensions of the
glenoid height, width and glenoid index were 40 +5 mm,
24+4 mm and 1.65+0.2; see Table 2. The mean version
in this group was —5.4° +5.4° and mean inclination was
10.8°+6.2°; see Table 1. For the rotator interval, the follow-
ing values were measured: 16 +4 mm for height, 41 + 6 mm
for base and 34 + 11 mm? for rotator interval area. The gle-
noid height, width and the glenoid index were 40 +4 mm,
26+3 mm and 1.56 +0.14, respectively. See Table 2.

The between-group differences were statistically signifi-
cant for the rotator interval height (p =0.0001) and the rota-
tor interval base (p <0.0001), but not for the rotator interval
area (p=0.247). A significant difference too was revealed for
the glenoid index between the groups (p =0.0001).

Intraclass correlation coefficient (ICC) analysis gave an
excellent interrater reliability for measurement of glenoid

Table 1 The patient

. . Group Number Age, year Version, ° Inclination, °©
demographics, glenoid
version and inclination of Mean + SD Mean + SD (range) Mean + SD (range)
the dislocation and control . .
group illustrated for both Dislocation group 61 59.07 + 13 —49+44(-57t0 —4.1) 9.8+ 8 (8.3-11.1)
surgeons. The p values Surgeon 1 —-47+43(-3.6t0—-5.8) 10.2 + 8.1 (8-12.2)
for the between-group Surgeon 2 —-5.1+4.6(-4t0-6.3) 9.4+7.8(7.3-11.4)
comparison and the interrater ICC 0.915 0.977
evaluation are depicted as well
(ICC =intraclass correlation p value 0.23 0.3
coefficient) Comparison group 74 5731+ 12 —54+54(-62t0—4)5) 10.8+6 (9.9-11.8)
Surgeon 1 —-54+5.1(-4.1t0—6.6) 10.9 + 6.2 (9.5-12.3)
Surgeon 2 —53+5.6(-6.6t0 —4) 10.6£5.5 (9.3-12)
ICC 0.943 0.97
p value 0.4 0.7 0.2
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Table 2 The rotator interval height, base and area, the coracohumeral distance and the glenoid dimensions of the dislocation and comparison

group are shown as means

Group n  Age,year  Rotator inter- Rotator Rotator Coraco- Glenoid Glenoid Glenoid-index
val height, interval base, interval area, humeral height, mm width, mm
mm mm mm interval, mm
Mean + SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD  Mean + SD
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Dislocation 61 59.07 £13 14+5 46+6 33+14 12+4 40+5 24+4 1.65+0.21
group (13-15) (45-47) (30-35) (11-13) (3941) (24-25) (1.6-1.7)
Surgeon 1 18 +4 457 41+ 12 13+3 405 24 +4 1.67 £0.19
(17-19) (44-47) (37-44) (12-14) (39-41) (23-25) (1.61-1.71)
Surgeon 2 11+3 47+6 24+10 11+£3 41+5 25+4 1.63+2.3
(10-12) (46-49) (21-27) (10-11) (39-42) (24-26) (1.57-1.69)
ICC 0.101 0.786 - 0.607 0.792 0.77 -
Comparison 74 5731+12 16+4 41+6 34+11 13+3 40+4 26+3 1.56+0.14
group 16-17) (40-42) (32-36) (12-13) (3941) (25-26) (1.54-1.58)
Surgeon 1 15+3 406 31+9 12+3 40+5 25+3 1.57+0.14
(15-16) (39-42) (30-33) (11-13) (39-41) (25-26) (1.52-1.61)
Surgeon 2 17+5 42+6 37+13 13+4 40+5 26+3 1.56 +0.13
(16-19) (41-44) (34-40) (12-14) (39-41) (25-27) (1.53-1.59)
ICC 0.478 0.747 - 0.43 0.975 0.984 -
p value 04 0.0001 <0.0001 0.247 0.12 0.3 0.07 0.0001
(means)

The results of each surgeon are shown as means. p values and ICC (intraclass correlation coefficient) are also depicted. The p-values were meas-
ured between the comparison and dislocation group as means of both measured values of Surgeon 1 and 2

SD standard deviation, CI confidence interval

inclination (0.977) and glenoid version (0.915) in the dis-
location group and an excellent ICC for inclination (0.943)
version (0.97), glenoid height (0.975) and glenoid width
(0.984) in the comparison group. For rotator interval height,
the ICC was poor in the dislocation group with 0.101, and in
the comparison group the ICC was 0.478. For the other ICC
values, see Tables 1 and 2.

Discussion

The main finding of this study was the significant difference
in rotator interval height, base and area in patients older
than 40 years of age who suffered from an anterior shoulder
dislocation in comparison to the patients in the comparison
group. The second key aspect was the determination of a
significantly more slender and higher glenoid in the disloca-
tion group, as shown before in younger athletes [21]. To our
knowledge, this is the first study which evaluated the ana-
tomic morphology of the shoulder in case of patients with
traumatic shoulder dislocation and an age above 40 years.
The role of the rotator interval in case of anterior shoulder
instability is still a controversially discussed field in shoulder
surgery. Evaluating its anatomic dimensions and its trau-
matic lesions is best performed in combination with clini-
cal findings, arthroscopy and MRI or MR arthrography [5,

14, 16]. The rotator interval describes the anatomic space
bounded by the coracoid, the subscapularis and supraspina-
tus. It contains the glenohumeral and coracohumeral liga-
ment, the biceps tendon and the anterior joint capsule. In
biomechanical studies, the anatomic structures of the rotator
interval have been researched thoroughly and shown to con-
tribute to the stability of the glenohumeral joint to maintain
negative intra-articular pressure [13] and to decrease inferior
glenohumeral translation [8, 12, 23].

In our cohort, in patients who had an anterior dislocation
event the height, base and consequently the rotator interval
area were significantly larger than in the comparison group.
The fact that this anatomic complex is injured after a dislo-
cation event in 38-49% of patients older than 60 years [25,
28] and our finding of a wider and higher rotator interval in
patients who suffered from a shoulder dislocation underline
the importance of its extension. Biomechanical studies also
show that a dislocation event is more likely if a previous
rotator cuff tear is present, which causes imbalance of mus-
cle tension and consequently anterior instability [6, 11].

Kim et al. [14] reported similar findings of signifi-
cantly different rotator interval dimension in patients who
suffered from chronic anterior instability after recurrent
shoulder dislocations. They reviewed 120 shoulder MR
arthrographies split into two groups, one with shoul-
der instability (n=350) and the other with no instability
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(n="70). Despite the same significant results between the
cohorts, their estimated values were of larger scale. In con-
trast to our study, the patients in their dislocation group
already suffered from a chronic state of anterior shoulder
instability and the mean age was 32 years. The differences
in the absolute values may arise from a varying age dis-
tribution in our population. This might raise the question
whether one event of dislocation in patients older than
40 years already injures the rotator interval to a similar
level like in younger patients with a chronic instability.
It too may indicate that patients with a wider and higher
rotator interval are of higher risk to suffer from a disloca-
tion event in the first place, which at least for the younger
patients was not confirmed regarding the rotator base and
area by Owens et al. [21] in a large cohort of 714 patients.

The role of the bony alignment of the shoulder joint was
investigated by Hohmann et al. [9] for patients younger
than 40 years of age who underwent arthroscopic stabi-
lization after a dislocation event. They performed meas-
urements of the glenoid version and inclination in 258
MRI scans divided into a dislocation group (n=128) and
a comparison group (n=130). It was demonstrated that
patients who had suffered an anterior dislocation event
showed a significantly different glenoid version and incli-
nation. They did not measure the bony dimension of the
glenoid regarding height, width and area. In a biome-
chanical cadaveric study [4], a high glenoid inclination
led to linear instability on specimen with an average age
of 59 +4.3 years, consistent with our population. However,
this biomechanical connection does not seem to be trans-
ferable to everyday clinical practice, as no differences in
inclination emerged from our measurements.

One might argue that patients with a less retroverted and
inferior oriented glenoid went through a dislocation event
earlier in their lives anyway, based on a higher activity level
and the given less stable bony alignment of their shoul-
der joint. In that case, these patients would not have been
included in our study due to the inclusion criteria of first
time dislocation event.

Our data of glenoid dimension and the ratio of height and
width matched former findings in younger patients [17, 21].
While neither height nor width alone but only the ratio—
the glenoid index—was significantly different between the
groups, this was not surprising, as a thin and high glenoid
is susceptible to anterior instability. It was confirmed for
patients older than 40 years for the first time.

A previous study investigating the risk of anterior shoul-
der dislocation in 714 US army members reported a sig-
nificantly higher dislocation risk in people with a larger
coracohumeral interval [21]. In our cohort, we could not
find a statistically significant difference, but a slightly larger
coracohumeral distance which might indicate an association
in people older than 40 years also.
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This study has its limitations. The low number of MRI
scans in the dislocation group may have limited statisti-
cal power for our comparisons between groups. Though
the height of the rotator interval was significantly associ-
ated with shoulder dislocation in our study, the accuracy
of its measurement was poor. This inaccuracy might have
been caused by an advanced degeneration of the shoulder
joint in elderly patients or due to a fresh injury with still
existing joint haematoma; both might have influenced the
measurement.

Furthermore, the comparison group did not represent
a normal “shoulder-healthy” population in the same age
group, but patients with other pathological characteristics
which could potentially introduce bias.

Conclusion

Our study is the first to show that in patients above 40 years
of age who suffered from an anterior shoulder dislocation,
the shape of the glenoid, namely a slim and high glenoid,
is significantly different from a non-dislocation comparison
group. Furthermore, we could show that the version and
reclination or inclination are not significantly different from
the normal population.

The role of the musculo-tendinous and ligamentous
structures called the rotator interval is of higher importance
in patients older than 40 year and should be the subject of
future research.
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