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ARTICLE INFO Background: We assessed damaged anterior capsulolabral motion during axial shoulder rotation in
patients with anterior shoulder instability.
Methods: Twenty-nine shoulders of 28 patients with anterior shoulder instability who underwent cine-
magnetic resonance imaging during axial rotation of the adducted arm were included. The motion was
captured after an intra-articular injection of saline solution (10-20 mL). During imaging, the shoulder
was rotated passively from maximum internal rotation to maximum external rotation in the first 10 s and
then back to maximum internal rotation in the subsequent 10 s. We assessed the rotational angles of the
damaged labrum during compressing and pulling the humeral head against the glenoid. Evaluation of
the rotational angles was performed on a series of axial images through the humeral head center.
Results: The mean angles that damaged labrum compressed and pulled off against the glenoid were
12.0 + 19.1° and 2.8 + 21.2°, respectively. Additionally, seven of the 29 shoulders showed that the
damaged labrum compressed on the glenoid rim before the rotational angle exceeded 0° during external
rotation. In 13 shoulders, the damaged labrum could remain repositioned on the glenoid rim over the
neutral position during internal rotation. In two shoulders, the damaged labrum was not compressed
against the glenoid at the maximum external rotation. The injected saline moved from the posterior to
the anterior side of the glenohumeral joint during internal rotation in each shoulder.
Conclusion: The damaged labrum could be positioned on the glenoid when the arm was in a traditional
internal immobilization.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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The range of motion of the shoulder joint is the largest in the
human body, making it the most commonly dislocated joint. In
addition, a traumatic shoulder dislocation is notorious for its high
recurrence rate after initial dislocation, particularly among younger
patients.”?%?> The recurrence rate after first-time dislocation
ranges between 20% and 90% and tends to increase with a younger
age of occurrence at the time of initial dislocation.>’-10:20:22.27

The main cause of recurrent shoulder dislocation is incomplete
healing of the antero-inferior capsulolabral structure after
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detachment from the glenoid rim.">?>?® Moreover, the external
rotational position of the glenohumeral joint can be used to
compress the damaged anterior capsulolabrum to the glenoid
rim.'4?® Therefore, external rotational immobilization after initial
shoulder dislocation is considered to facilitate healing and decrease
the recurrence rate.'” However, randomized control studies that
compared the recurrence rate after immobilization in external and
internal rotation have reported controversial results.”>!” Thus, the
recommended immobilization position after the initial shoulder
dislocation remains unclear.

Dynamic assessment of the damaged anterior capsulolabrum
during axial rotation of the shoulder could illuminate this contro-
versial problem underlying the proper immobilization position that
would facilitate reduction in the damaged labrum after shoulder
dislocation. Some previous studies have assessed the damaged
labrum position at different rotational positions.'*?° To the best of
our knowledge, there has been no report on the assessment of the
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dynamic motion of the damaged labrum during rotational motion.
For visualizing the dynamic rotational motion of the shoulder,
analysis of the axial rotation of the shoulder using dynamic
assessment by magnetic resonance imaging (cine-magnetic reso-
nance imaging [MRI]) has been reported.'® Cine-MRI allows for
dynamic evaluation of patients and has been used in various fields,
such as the dynamic evaluation of cardiac function."* Cine-MRI
sequences can capture one to two images per second. Hence, it
can clearly visualize the actual glenohumeral rotation.'™'® In addi-
tion, it has been reported that cine-MRI could be able to obtain
movements of the capsulolabrum during rotation with vivid clarity
in 10 examined shoulders.'®

This study aimed to assess the damaged anterior capsulolabral
motion during glenohumeral rotation in patients with anterior
shoulder instability. We hypothesized that some cases could be
successfully reduced by immobilization in an internal rotational
position, as the external rotational position could be used to
compress the damaged labrum on the glenoid. We also suggest that
the findings of this study would lead to recommendations for
optimal immobilization positions after dislocation reduction by
evaluating each patient using cine-MRI.

Materials and methods
Participants

All procedures performed in this study were in accordance with
the ethical standards of our Institutional Research Committee as
well as the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. After approval by the institutional
review board was granted, written informed consent was obtained
from all participants. To confirm whether cine-MRI could assess the
dynamics of the damaged labrum, this study included patients with
anterior shoulder instability or following primary shoulder dislo-
cation and who were pain-free in passive rotational motion be-
tween January 2012 and March 2015. Although cine-MRI was
performed at two facilities, all patients were evaluated by a single
orthopedic surgeon.

MRI acquisition

Imaging was performed with a 1.5 T MRI system using a four-
channel shoulder array coil (Signa; GE Medical Systems, Milwaukee,
WI, USA) or a 1.5 T system with one of the manufacturer’s shoulder
coils (shoulder 16, Magnetom Aera; Siemens Healthcare, Malvern, PA,
USA). Cine-MRI of the shoulder was performed using either of the two
following models. The first was two-dimensional fast imaging
employing steady-state acquisition techniques (GE Medical Systems)
(imaging parameters: the repetition time/the echo time = 4.6/2.1 ms;
flip angle, 20°; bandwidth, +62.5 kHz; matrix, 256 x 224; number of
excitations, 1.0; field of view, 28 x 28 cm; section thickness, 6.0 mm).
The second used true fast imaging with steady state precession
(Siemens Healthcare) (imaging parameters: the repetition time/the
echo time = 4.91/2.46 ms; flip angle, 20°; bandwidth, 349 Hz/pixel;
matrix, 256 x 256; number of excitations, 1.0; field of view, 28 x 28
cm; section thickness, 6.0 mm). Sequential images were recorded at a
rate of one image/s during the activity. Image acquisition was per-
formed on axial slices that included the center of the humeral head,
which was determined using a best-fit circle for the humeral head on a
scout oblique coronal image.'® The MRI model used for imaging was
determined by the facility the patient visited.

The motion was captured after an intra-articular injection of 10-
20 mL of saline solution. A soft plate cushion was placed under the
arm to maintain the long axis parallel to the trunk. The acquisition
began with the arm fully rotated internally (with the dorsum of the
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hand on the greater trochanter). To perform passive rotation, an
orthopedic surgeon grasped the participant’s wrist and rotated the
participant’s arm so that the shoulder was rotated to the maximum
external rotation for over 10 s and then reversed to the maximum
internal rotation for the subsequent 10 s. We recorded the motion
of at least two glenoid levels for each participant. The images are
shown in Figure 1.

MRI evaluations

The maximum internal and external rotational angles of the
glenohumeral joint were measured as previously described.'® We
also measured two additional rotational angles of the gleno-
humeral joint. The first was the angle at which the damaged labrum
compressed against the glenoid rim during external rotation. The
second was the angle at which the damaged labrum was pulled off
from the glenoid rim during internal rotation (Video). Whether the
damaged labrum was compressed or pulled off was defined ac-
cording to a previous report.'* The rotational angle was defined as
the angle formed by the axes of the glenoid and humeral head, as
previously reported (Fig. 2).° The glenoid axis was defined as the
line perpendicular to the glenoid fossa at its midpoint. The humeral
head axis was defined as the line connecting the midpoint of the
articular surface of the humeral head and the center of the best-fit
circle applied to the humeral head. When the two axes were par-
allel, the joint was considered in a neutral position. In addition, we
have evaluated the extent of the damaged labrum using the clas-
sification by Habermeyer et al.?

Statistical analysis

Data are presented as mean + standard deviations (SDs). The
internal rotational angle is presented as a negative value.

Interclass correlation coefficients (ICC) were calculated to assess
the inter- and intraexaminer reliability of the angle measurements.
For inter-examiner reliability, two shoulder surgeons with 5 and 10
years of experience in shoulder research independently measured
all shoulders, and the ICC (2,1) was determined. For intra-examiner
reliability, the surgeon with 10 years of experience measured all
shoulders twice at a 1-week interval, and ICC (1,1) was determined.
All examiners were blinded to the personal and clinical information
of the patients. All statistical analyses were performed using the
JMP Pro software, version 14.1 (SAS Institute Inc., Cary, NC). Sta-
tistical significance was set at a 5% level.

Results
Participants’ demographics

Twenty-nine consecutive shoulders of 28 patients with anterior
shoulder instability or following primary shoulder dislocation (19
men and nine women) were included. Each patient had experi-
enced the most recent dislocation more than 6 weeks previously.
The mean age at the time of assessment was 28 + 11 years (range:
16-70 years). The age at the time of primary shoulder dislocation
was 23 + 13 years (range: 10-70 years). The mean time of study
after their most recent shoulder dislocation or subluxation was
8.3 + 1.8 weeks (range: 6-15.6 weeks). The mean Rowe score for
these patients at the time of assessment was 54.7 points (range: 25-
90 points). Table [ presents patient demographic data by sex. Four
of the 29 patients did not undergo surgery. One patient underwent
surgery at a different hospital. Thus, 24 cases underwent arthro-
scopic Bankart repair at our hospital. According to the classification
reported by Habermeyer et al, five, 14, four, and one shoulders were
stage 1, stage 2, stage 3, and stage 4, respectively.
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Figure 1 Dynamic assessment of the damaged labrum during axial rotation of the glenohumeral joint using cine-MRI. Images (a and h) Maximum internal rotation; from images
(a-d), images during passive external rotation; from images (e-h), images during passive internal rotation; white arrow, damaged labrum compresses on the glenoid; black arrow,
damaged labrum pulls off from the glenoid; white triangles, joint fluid with saline. MRI, magnetic resonance imaging.

Figure 2 The rotational angle of cine-MRI. The glenoid axis (dotted line) is defined as the line perpendicular to the surface of the glenoid fossa at its midpoint (a). The humeral head
axis (white line) is defined as the line connecting the midpoint of the articular surface (red x) to the Center of the humeral head (white dot), which is the Center of the best-fit circle
(white circle) applied to the humeral head (b). The articular surface is identified using the articular cartilage (bold white line). The rotational angle is defined as the angle between

the axes of the glenoid and humeral head (c). MRI, magnetic resonance imaging.

Reliability of the methodology

Inter- and intraexaminer reliability indicated excellent agree-
ment (ICC [2,1] = 0.99; 95% confidence interval [CI], 0.95-0.99;
standard error of mean = 1.13; minimal detectable changegs = 3.14;
ICC [1,1] = 0.98; 95% CI, 0.97—0.99; standard error of mean = 1.99;
minimal detectable changegs = 7.78).

Dynamic analysis of the damaged labrum

The mean internal and external rotational angles
were —48.9 + 8.9° and 38.9 + 17.4°, respectively. The damaged
labrum compressed at maximum external rotation in all shoulders
except for two. The mean angle at which the damaged labrum
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compressed during external rotation was 12.0 + 19.1° (range, —34°
to 39°) and displacement during internal rotation was 2.8 + 21.2°
(range, —54° to 39°) (Table I and Fig. 3).

In 13 shoulders, the damaged labrum could remain repositioned
on the glenoid rim over the neutral position during internal rota-
tion. However, the damaged labrum pulled off from the glenoid rim
during internal rotation (Fig. 1 and Video). In 19 of 29 shoulders, the
compressed and damaged labrum during internal rotation remains
on the glenoid rim without detaching to the same angle that
compressed (Fig. 3). In two of the 29 shoulders, the damaged
labrum did not compress on the glenoid at maximum external
rotation (Fig. 4 and Video). In seven shoulders, the damaged labrum
compressed on the glenoid rim before the rotational angle excee-
ded 0° during external rotation (Fig. 5).
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Table I
Patient demographic data.

Female (n = 9) Male (n = 19)

Age (y) 31 (range, 16-70) 27 (range, 16-47)
Side Right, 5; Left, 4 Right, 9; Left, 11
Primary dislocation age (y) 24 (range, 13-70) 22 (range, 10-47)
* (weeks) 8.0 (range, 6.0-10.4) 8.5 (range, 6.0-15.6)
Clinical score
Rowe score (points) 51.1 + 15.8 56.3 + 19.8
ROM determined by cine-MRI
External rotation (°) 44.6 + 24.7° 36.2 + 13.2°
Internal rotation (°) —53.7 +5.8° —46.5 + 9.3°

Angles at which the damaged labrum coaptated or departed from the glenoid
rim
Compressed angle (°)
Displacement angle (°)

-29+17.7°
—6.1 £ 23.6°

15.1 + 18.2°
3.8 +18.9°

F, female; M, male; MRI, magnetic resonance imaging; ROM, range of motion.
“The mean time of study after their most recent shoulder dislocation or
subluxation.

In all examined shoulders, the injected saline pooled on the
anterior side in the internal rotation position. The saline moved to
the posterior side during external rotation and back to the anterior
side during internal rotation (Figs. 2, 4, and 5; Video).

Discussion

In this study, all shoulders, except for two, were compressed on
the glenoid rim at maximum external rotation. The mean coor-
dinated and departure angles were 12.0 °and 2.8°, respectively. In
addition, seven of the 29 shoulders compressed on the glenoid
rim without external rotation. These findings suggest that tradi-
tional internal rotational immobilization could prevent the
recurrence of shoulder dislocation after primary shoulder
dislocation.

After an initial dislocation, over 90% of shoulders show
detachment of the inferior glenohumeral ligament labral complex
from the glenoid.’®?° Therefore, incomplete healing of detached
inferior glenohumeral ligament labral complex is thought to be the
main cause of recurrent shoulder dislocation.®?*?® However,
consistent redislocation has not been shown in 52%-80% of patients
after initial dislocation.”?* In this study, the 13 damaged labrums
could remain repositioned on the glenoid rim in the neutral posi-
tion during internal rotation. The anteversion of the glenoid axis
related to the coronal plane can be large in a slouched position.'
Immobilization in the internal position with a slouched position
nearly placed the glenohumeral joint in a neutral position. There-
fore, these findings imply that the damaged labrum compressed on
the glenoid rim during manual repositioning of the dislocated
shoulder and remained on the glenoid rim even during immobili-
zation in internal rotation.

Immobilization in external rotation aims to compress the
damaged labrum to the glenoid rim to heal the injured area.'*'*
Our findings support the evidence indicating that immobilization
with shoulder external rotation could compress the damaged
labrum during external rotation, which is consistent with a previ-
ous report.'*?% However, in all cases, even when compressed in the
external rotation position, the damaged labrum pulled off when
internally rotated. Therefore, the compliance rate of patients is an
important factor for the clinical application of immobilization,
regardless of rotation.">!”

In this study, we found that the injected saline moved from the
posterior to the anterior side of the glenohumeral joint during the
internal rotation of every shoulder. In previous studies, MRI of the
shoulder captured during internal rotation also showed saline
pooled in the anterior side of the glenohumeral joint, similar to
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our results.'*?® The dynamics of joint fluid can be explained by the
capsular effect. The joint fluid remains 3-7 weeks after shoulder
dislocation.®>! The pooled joint fluid on the anterior side pushes
away the damaged labrum and is thought to disturb the healing of
the Bankart lesion.>® However, hematoma after injury acts as a
scaffold for the inflammatory and mesenchymal cells. Thus, it
creates a suitable environment for healing, which enables the cells
to migrate, attach, proliferate, and perform their pathophysio-
logical function.'” In addition, a hematoma includes growth fac-
tors that help the damaged tissue heal.’’?® Traditional
immobilization in internal rotation after primary dislocation
prevents recurrent shoulder dislocation in more than 45% of pa-
tients aged <40 years.>’ Moreover, more than 15% of recurrent
shoulder dislocations became stable over time. >° Therefore, we
thought that the position of joint fluid may also explain the
spontaneous healing by immobilization in internal rotation after
an initial dislocation.

Limitations

This study has several limitations. First, the major limitation of
this study was the small number of patients. Owing to the eval-
uation of unknown Kkinetics, standard deviations could not be
established for this study. Therefore, the sample size was not
calculated. Second, the shoulders examined in this study included
those after the initial dislocation and those with recurrent dislo-
cation. In addition, the lack of consensus on the modalities of
orthopedic treatment after the first dislocation in each patient in
our study. Therefore, both angles of compression and departure
from the glenoid rim may not be accurate angles after initial
shoulder dislocation. However, the lesions that cause initial and
recurrent dislocations are morphologically the same.® The fact
that 43% of initial dislocations never recur and 14.4% of recurrent
dislocations stabilize spontaneously® implies that these two en-
tities may be not only morphologically similar but also biologi-
cally similar. Therefore, we suggest that combining the two types
of shoulder might not have affected the results of this study.
However, we hypothesized that the acute phase may rather be a
more conducive condition for greater dynamics and being more
easily compressed. Thus, as the next step, we need to conduct
further study within 1 week after the first dislocation. Third, as
this is a pilot study, we did not apply conservative treatment in the
immobilized position based on cine-MRI results. Therefore, there
is a need for further evaluation to confirm the healing rate after
conservative treatment in the immobilized position based on
cine-MRI results.

Conclusion

Immobilization of the arm in external rotation can enhance
compression of the damaged labrum on the glenoid rim better than
immobilization in internal rotation. However, once the shoulder
rotated internally during external immobilization, the effect of
compression on the glenoid rim decreased. In approximately 25% of
the shoulders, the damaged labrum could remain on the glenoid
rim in the internal rotational position. In addition, the gleno-
humeral joint fluid pooled on the anterior side in the internal
rotational position. These findings suggest that in some cases,
healing of the damaged labrum after an initial shoulder dislocation
could be facilitated using a traditionals internal immobilization.
Moreover, the position of the joint fluid may also suggest that he-
matoma in the glenohumeral joint after shoulder dislocation sup-
port healing of the damaged labrum.
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Figure 3 Internal/external rotational angle and compressed/ pulled-off angle. This graph shows the internal/external rotational angle and compressed/ pulled-off angle of every
patient. White circle, the angle that the damaged labrum compresses on the glenoid during external rotation; Orange bar, the term for the compressed labrum is on the glenoid

during internal rotation; Yellow cross, the angle that the damaged labrum pulls off from the glenoid during internal rotation.

Figure 4 The case in which the damaged labrum does not compress at the external rotation. Images (a-d), images during passive external rotation; images (e-h), images during
passive internal rotation; white arrow, the damaged labrum does not compress on the glenoid at maximum external rotation.
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Figure 5 The case in which the damaged labrum compresses before the rotational angle exceeded 0° during external rotation. Images (a-d), images during passive external rotation;
images (e-h), images during passive internal rotation; white arrow, damaged labrum compresses on the glenoid before the rotational angle exceeds 0° during external rotation;
black arrow, damaged labrum pulls off from the glenoid rim; dotted line, glenoid axis; white line, humeral head axis.
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