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Abstract
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Despite the fact that surgery is commonly used to treat glenohumeral instability, there is no evidence that such treatment effectively \

corrects glenohumeral translation. The purpose of this prospective clinical study was to analyze the effect of surgical stabilization on

glenohumeral translation.

Glenohumeral translation was assessed in 11 patients preoperatively and 1 year postoperatively following surgical stabilization for
anterior shoulder instability. Translation was measured using optical motion capture and computed tomography.

Preoperatively, anterior translation of the affected shoulder was bigger in comparison to the normal contralateral side. Differences
were significant for flexion and abduction movements (P < 0.001). Postoperatively, no patients demonstrated apprehension and all
functional scores were improved. Despite absence of apprehension, postoperative anterior translation for the surgically stabilized
shoulders was not significantly different from the preoperative values.

While surgical treatment for anterior instability limits the chance of dislocation, it does not seem to restore glenohumeral translation
during functional range of motion. Such persistent microinstability may explain residual pain, apprehension, inability to return to
activity and even emergence of dislocation arthropathy that is seen in some patients. Further research is necessary to better
understand the causes, effects, and treatment of residual microinstability following surgical stabilization of the shoulder.

Abbreviations: 3D = three-dimensional, CT = computed tomography, ROM = range of motion, SSV = subjective shoulder value,

VAS = visual analog scale.
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1. Introduction

Glenohumeral dislocation affects 1.7% of the general popula-
tion, making instability of the shoulder the most frequent of all
joint instabilities.'!! While surgical stabilization can dramatically
reduce the risk of recurrent dislocation, many patients can remain
symptomatic. Shoulder apprehension is defined as a fear of
dislocation and/or resistance in patients with a history of anterior
glenohumeral instability. After an open or arthroscopic stabili-
zation, 3% to 51% of the patients will keep apprehension or will
avoid shoulder movement because of fear of dislocation.!*?! Such
symptoms can lead to decreased activity, prolonged absence from
work and sports, and a general decrease in quality of life.[**!

Currently, the source of persistent postoperative apprehension
has not been well studied. Theoretically, such apprehension after
glenohumeral stabilization could be related to central nervous
system sequelae secondary to a traumatic dislocation event,'®”!
peripheral neurological lesion consecutively to dislocation
affecting proprioception,®! or actual mechanical instability of
the glenohumeral joint (Fig. 1).1*'%! Optical motion capture is a
noninvasive technology that offers ability to measure glenohum-
eral translation!"!! and may help differentiate supratentorial
apprehension from true mechanical instability.

The purpose of this study was to evaluate glenohumeral
translation in patients suffering from anterior instability
and analyze the effect of glenohumeral stabilization on this
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Figure 1. Apprehension could be related to (A) central nervous system sequelae, (B) peripheral neurological, muscular or capsular/ligamentous lesions

consecutively to dislocation, or (C) mechanical instability as micromovements.

translation. The hypothesis was that surgical stabilization only
partially corrects glenohumeral translation in unstable shoulders.

2. Methods

2.1. Patient selection

This was a prospective evaluation of a consecutive series of
patients who underwent surgical stabilization for glenohumeral
instability. Institutional review board approval was obtained
before study beginning (AMG 12-18), and the subjects signed a
written informed consent form before participation. All patients
were evaluated by the primary author (AL). Inclusion criteria
were a primary surgery, traumatic anterior glenohumeral
instability, and age between 15 and 65 years. We excluded
patients with incomplete documentation, follow-up of less than
12 months, history of bilateral instability, previous shoulder
surgery, contraindication for computed tomography (CT),
nontraumatic onset, and hyperlaxity. The latter was defined as
more than 85° of external rotation with the elbow at the side."*!

2.2. Operative technique

All operations were performed in a semibeach chair position under
general anesthesia with a single-shot interscalene block or
continuous catheter. Glenohumeral stabilization was performed
with either an open or arthroscopic technique. Open Latarjet was
performed as classically described with a subscapularis split and
triple locking mechanism approach.!'* The graft was intraarticu-
lar in every case, the capsule was systematically reattached to
glenoid according to Favard modification,*! and a capsular shift
was added. Arthroscopic Latarjet was carried out according to a
modified Lafosse technique.l'*! In the latter treatment option, no
reattachment of the capsule was performed. In both arthroscopic
and open techniques, the patients were postoperatively protected
with a sling for 10 days and were able to immediately start full
active range of motion (ROM). Return to low-risk sports was
allowed at 6 weeks, and high-risk (throwing and collision) sports at
3 months. The arthroscopic Bankart repair consisted of a
mobilization of the anteroinferior capsule and the labrum with
an arthroscopic elevator. The glenoid rim and neck were then
prepared with a mechanical shaver device. Two double-loaded
anchors were inserted at the 5- and 3-o’clock positions, and sutures
were shuttled across the inferior glenohumeral ligament and

labrum, starting at the inferior position and progressing in a
superior direction. Postoperatively, the arm was protected ina sling
for 4 weeks. Return to low-risk sports was allowed at 10 weeks,
and high-risk (throwing and collision) sports at 4.5 months.

2.3. Study outcomes

The main outcomes of interest were pre- and postoperative
ipsilateral glenohumeral translation, as well as contralateral
glenohumeral translation. Furthermore, the prevalence of
postoperative apprehension, recurrent dislocation or subluxa-
tion, and ROM in the normal and the unstable shoulder were
evaluated in relation to the main outcomes of interest. The
following baseline characteristics were assessed: age, gender,
shoulder side, and limb dominance.

2.4. Clinical evaluation

Two orthopedic surgeons independent to the operating surgeon
performed all physical examinations. Clinical examination
included assessment of rotator cuff strength, shoulder ROM,
and anterior apprehension (graded as positive or negative).
Walch-Duplay!®! and Rowe scores,'®!”! the subjective shoulder
value (SSV, a single-question test where the patient is asked to
rate his overall shoulder function as a percentage of normal
shoulder),!'®! and a visual analog scale (VAS) pain score graded
from 0 point (no pain) to 10 points (maximal pain)*’! were
recorded.

2.5. Radiographic evaluation

All volunteers underwent a preoperative CT of bilateral shoulders
and arms. The CT examinations were conducted with a LightSpeed
VCT 64 rows system (General Electric Healthcare, Milwaukee,
WI). Images were acquired at 0.63 mm slice thickness. Based on the
CT images, patient-specific three-dimensional (3D) models of the
shoulder bones (humerus, scapula, clavicle, and sternum) were
reconstructed for each patient using Mimics software (Materialize
NV, Leuven, Belgium).

2.6. Motion capture

All patients participated in motion capture sessions preopera-
tively and 1 year postoperatively. Kinematic data were recorded
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Figure 2. Examples of computed postures on a right shoulder showing the markers setup (small colored spheres) and a virtual skeleton used to better visualize the
motion as a whole: (A) maximum flexion, (B) maximum abduction in the scapular plane, (C) maximum external rotation with eloow at side, (D), (E), and (F) show a

zoom in the shoulder for each posture (A), (B), and (C), respectively.

using a Vicon MX T-Series motion capture system (Vicon,
Oxford Metrics, UK) consisting of 24 T40S cameras sampling at
120 Hz. The patients were equipped with a previously described
shoulder markers protocol,'™ which included 69 spherical
retroreflective markers. The setup included 4 markers (J 14 mm)
on the thorax (sternal notch, xyphoid process, C7 and T8
vertebra), 4 markers (& 6.5 mm) on the clavicle, 4 markers (J 14
mm) on the upper arm—2 placed on the lateral and medial
epicondyles and 2 as far as possible from the deltoid—and 57
markers on the scapula (1x & 14 mm on the acromion and a 7 x
8 grid of @ 6.5 mm). Finally, additional markers were distributed
over the body (nondominant arm and legs) to provide a global
visualization of motion.

During each session the patients were asked to perform the
following motor tasks (3 trials each): internal-external rotation
with 90° abduction and the elbow flexed 90°, internal-external
rotation with the arm at the side, forward flexion of the arm from
neutral to maximum flexion, and empty-can abduction from
neutral to maximum abduction in the scapular plane. Both
shoulders (normal and unstable) were measured during the first
session, whereas only the surgically stabilized shoulder was
assessed postoperatively. The same investigators (CC, SC)
attached all markers and performed all measurements.

2.7. Kinematic analysis

Shoulder kinematics was computed from the recorded markers’
trajectories using a validated biomechanical model which
accounted for skin motion artifact.!'*°! The model was based
on a patient-specific kinematic chain using the shoulder 3D
models reconstructed from the CT data and a global optimization

algorithm with loose constraints on joint translations (accuracy:
translational error < 3 mm, rotational error < 4°). Figure 2 shows
examples of computed postures.

Maximal glenohumeral ROM was quantified for flexion,
abduction, internal and external rotation, and expressed in
clinical terms.?!! This was achieved by calculating the relative
orientation between 2 local coordinate systems, 1 for the scapula
and 1 for the humerus, based on the definitions suggested by the
International Society of Biomechanics.[??! The local systems were
created using anatomical landmarks identified on the patient’s
bony 3D models. The glenohumeral joint center was calculated
based on a sphere fitting method.*3! To facilitate clinical
comprehension and comparison, motion of the humerus with
respect to the thorax was also calculated. This was obtained with
the same method by using thorax and humerus coordinate
systems.

Glenohumeral translation, defined as anterior—posterior and
superior—inferior motion of the humeral head center relative to
the glenoid coordinate system,'**! was assessed at maximal ROM
during all tested movements. The coordinate system was
determined by an anterior—posterior x-axis and a superior—-
inferior y-axis with an origin placed at the intersection of the
anteroposterior and superoinferior aspects of the glenoid rim
(Fig. 3A). Subluxation was defined as the ratio between the
translation of the humeral head center and the radius of width
(anteroposterior subluxation) or height (superoinferior subluxa-
tion) of the glenoid surface (Fig. 3B). Instability was defined as
subluxation bigger than 50%.%"!

Glenohumeral ROM, humeral motion relative to the thorax,
glenohumeral translation, and subluxation were computed for all
patients and selected for statistical analysis.
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Humeral head

Ratio : TR = 40%

Figure 3. (A) Definition of the glenoid coordinate system used in this study. (B) Schematic representation of glenohumeral subluxation (C=center of the humeral
head, R =radius of the width or height of the glenoid surface, T =translation of the humeral head center). Left: the ratio is 40%, there is no instability. Right: the ratio is
>50%, instability is noted. Image reproduced from Lédermann et al®*! with permission.

2.8. Statistical analysis

Statistical analysis was performed using software package R,
v3.1.2 Portable (Free Software Foundation, Inc., Vienna,
Austria). Descriptive statistics was presented in terms of mean
and standard deviation (SD). Shapiro-Wilk test was used to
screen the outcomes for normal distribution. Paired samples ¢
tests were applied to check for significant differences of the
kinematic data between the normal and unstable shoulders, as
well as between the pre- and postoperative pain scores. Level of
significance was set at P <0.05.

3. Results

Between October 2014 and January 2015, 29 patients were
admitted in our clinic with shoulder instability. Seventeen
patients met the inclusion study criteria (Fig. 4). Five patients
declined to participate and 1 postponed the surgical procedure.
Therefore, 11 patients were included in the study (10 males and 1
female) with a mean age of 26.6 years (range, 17-44 years). Ten
patients had right-sided glenohumeral instability and 1 patient
was with left-sided glenohumeral instability. The dominant side
was involved in 8 cases. Four patients were involved in
competitive sports and 7 participated only in recreational
activities. Preoperatively, the patients experienced a mean of
6.0+5.7 (mean+SD) dislocations. An open Latarjet technique

Potentially eligible participants

n=29

-

Excluded
Conservative treatment n=12
Declined to participate n=5
Delayed surgical procedure n=1

L 4

8

Eligible participants

n=11

J
Figure 4. STARD flow diagram.

was used to stabilize the shoulder in 9 cases, an arthroscopic
Latarjet was used in 1 case, and an arthroscopic Bankart repair
was performed in 1 case. Mean follow-up was 13 months (range,
12-14 months).

3.1. Functional outcome

No patients had recurrent dislocation during the study period or
had a positive apprehension sign on the final follow-up.
Compared to the preoperative values, the postoperative VAS
pain score improved from 2.5+2.1 to 0.1+£0.3 (P=0.002), the
SSV score from 50.5+25.1 to 96.3+5.0 (P<0.001), and the
Rowe score from 30.5+14.9 to 99.5+1.5 (P<0.001). Pre- and
postoperative ROM are detailed in Table 1. In general,
preoperative ROM of the normal shoulder was greater than
the unstable shoulder. Postoperative ROM of the surgically
treated shoulders was less than the normal shoulder. This was
significant for flexion, abduction, and external rotation with the
arm at the side. Postoperative ROM was not statistically different
from the preoperative ROM, except for the humerus motion
relative to the thorax during flexion (P=0.009) and internal
rotation of the arm with 90° abduction and the elbow flexed 90°
(P=0.004).

3.2. Glenohumeral translation

For all movements, the humeral head position of the normal and
unstable pre- and postoperative shoulders was always anteriorly
translated with respect to the glenoid center (Table 2).
Preoperative anterior translation was higher in the unstable
shoulders compared to the normal shoulders. Differences were
significant for flexion and abduction movements (P <0.001 for
both). Anterior translation was highest during internal-external
rotation, with subluxation greater than 50% on average in both
pre- and postoperative ipsilateral side. Postoperatively, anterior
translation for the stabilized shoulders was not significantly
reduced compared to preoperative values.

With regard to superoinferior translation, humeral head
position of the normal and unstable pre- and postoperative
shoulders was nearly always inferiorly translated with respect to
the glenoid center. The one exception was during internal—-
external rotation of the arm with 90° abduction and the elbow
flexed 90°, where the humeral heads of the normal and unstable
postoperative shoulders were on average slightly superiorly
translated. Globally, superoinferior translations remained low
with a subluxation variation of +20%. There were no significant
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Shoulder range of motion (degree) for the normal and unstable pre- and postoperative shoulders during the 4 recorded movements (n=33;

11 subjects, 3 trials) .

Humerus motion relative to the thorax

Glenohumeral motion

Unstable Unstable Unstable Unstable
Motion Normal preoperative postoperative Normal preoperative postoperative
Flexion 161.1+8.6 156.6+5.8 152.3+8.1%5 118.2+11.0 104.4+11.27 102.8+10.0
Abduction in scapular plane 151.4+16.7 145.8+18.9 150.8+20.0 109.2+13.9 95.5+15.17 99.0+17.5%
Internal rotation (IR), elbow at side 56.8+19.8 60.8+15.9 58.4+16.8 38.9+21.7 32.9+14.97 30.6+14.3
External rotation (ER), elbow at side 26.4+15.2 235+17.0 15.6+8.7% 35.8+17.9 30.9+185 30.3+£5.7
Internal rotation (IR), 90° abduction, 55.7+14.5 45.3+16.4" 55.0+11.7° 32.7+16.2 26.6+14.5 26.8+13.1

elbow flexed 90°

External rotation (ER), 90° abduction, 521+16.4 48.2+16.4 42.1+9.4 53.5+14.0 48.0+17.7 45.7+8.8

elbow flexed 90°

“Mean +SD.

" Significant difference between normal and unstable preoperative shoulders data (paired, 1-tailed, ¢ test, P< 0.05).
?Sigmficant difference between normal and unstable postoperative shoulders data (paired, 1-tailed, ¢ test, P<0.05).
% Significant difference between unstable pre- and postoperative shoulders data (paired, 2-tailed ¢ test, P< 0.05).

differences between normal and unstable pre- and postoperative
shoulders in this respect.

4. Discussion

Understanding the factors associated with postoperative stability
and apprehension is important for optimizing treatment. The
results of this study indicate that surgical stabilization of the
shoulder lowers the risk of postoperative dislocation but leaves
microinstability, confirming our hypothesis.

Preoperative ROM of the normal shoulder was higher than the
unstable shoulder, probably due to pain or apprehension while
executing movements. Postoperatively, motion capture analysis
revealed slight mobility restriction in elevation and internal
rotation with 90° abduction that could be the result of persistent
either apprehension or stiffness after stabilization.

The concept of subtle preoperative glenohumeral translation
has already been introduced by Patte et al® in 1980. They
defined an unstable painful shoulder as anteroinferior instability
of the shoulder without any apparent history of dislocation or
subluxation. The present study revealed that subtle glenohumeral
translation exists postoperatively as well (in flexion [37%],
abduction [40%], and external rotation with elbow at the side
[58%]) even in asymptomatic patients. Such residual instability

may be one explanation for residual pain, apprehension, and
inability to return to sport activities following surgical stabiliza-
tion. 1326

Another cause of persistent apprehension after shoulder
stabilization could be central nervous system inhibition or
sequelae. Previous studies have demonstrated that shoulder
instability induces specific brain reorganization in functional
connectivity, particularly in the primary sensorimotor cortex,
dorsolateral prefrontal cortex and dorsomedial and the
insula.[®”! These areas are particularly involved in complex
emotional and cognitive functions including salience and
anxiety,*”! as well as motor resistance, and these perturbations
may persist after surgery. Finally, previous research also
correlated proprioceptive dysfunction to dislocation.'®! During
a traumatic dislocation, disruption of the shoulder capsuloliga-
mentous complex and peripheral nerve injury can induce a
decrease in kinesthetic information conveyed through proprio-
ception, the latter playing a significant role in stabilization of a
normal healthy shoulder and after any shoulder injury by helping
to control muscular action.*®!

Given that our surgical stabilizations did not correct micro-
movements, other factors must be responsible for preventing
postoperative dislocation. Depending on the technique, augmen-
tation of the anteroposterior diameter of the glenoid with bone

Anteroposterior translation (mm) and percentage of subluxation for the normal and unstable pre- and postoperative shoulders during the 4

recorded movements (n=33; 1 subjects, 3 trials).

Anteroposterior translation and subluxation”

Normal Unstable preoperative Unstable postoperative
Motion Translation Subluxation Translation Subluxation Translation Subluxation
Flexion 11x21 9% +17% 51+2.0" 42% +16%" 46+28 37%+23%
Abduction in scapular plane 2.0+3.0 15% +23% 6.0+1.9° 49% +15%" 49+40 40% +33%
Internal rotation (IR), elbow at side 6.2+2.4 48% +19% 7.3+24 60% +21% 7.1+23" 58% + 20%*
External rotation (ER), elbow at side 6.4+2.0 49% +15% 71+23 58% +19%" 7.0x2.7 57% +23%
Internal rotation (IR), 90° abduction, 8.7+3.2 67% +26% 9.0+25 74% +22% 9.0+2.0 74% +18%
elbow flexed 90°
External rotation (ER), 90° abduction, 76+1.9 58% +17% 79+21 64% +18% 74+26 62% +23%

elbow flexed 90°

) Mean +SD. A positive value means that the translation or subluxation is anterior, otherwise it is posterior.
" Significant difference between normal and unstable preoperative shoulders data (paired, 1-tailed, ¢ test, P< 0.05).
* Significant difference between unstable pre- and postoperative shoulders data (paired, 2-tailed, ¢ test, P< 0.05).
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graft, the sling effect obtained by the conjoined tendon, the
capsulorraphy, the repaired labrum, or remplissage could play
this role.'* Interestingly, less invasive approaches have not
improved results regarding stability compared to open ones;
higher recurrence has been noted after arthroscopic Latarjet!'!
or Bankart®” procedure. Although the latter factor can be
related to technical problems linked to the development of these
new procedures, the bulk effect conferred by anterior scar tissue
formation, already sought or reported since the beginning of
shoulder stabilization,"*”! may also play a preponderant role. In
other words, newer and mini-invasive techniques lead to less scar
formation that allows more postoperative mobility but may also
reduce stability proportionally.[*”!

Finally, persistent abnormal motion between the glenoid and
the humeral head as noted in the present study might be related to
dislocation arthropathy which is observed with a prevalence of
36%.3) Hovelius and Saeboel®" demonstrated that development
of arthritis was related to the instability phenomenon itself rather
than to surgery (when properly performed). Repeated micro-
instability of the humeral head could lead to cartilage damage
over time as the humeral head repeatedly slides against the
glenoid. Conversely, some authors observed that hyperlaxity,
and consequently augmented glenohumeral translation, may
decrease postoperative contact pressure of the humeral head on the
glenoid and thus prevent development of secondary arthritis.”’

Heading toward a better understanding of the origin of
instability and subsequent apprehension, postoperative manage-
ment may in turn also be improved, notably in the challenging
case of patients with persistent apprehension despite a clinically
stable shoulder. Knowing that shoulder stabilization prevents
further dislocation but does not preclude residual micromotion
from occurring may avoid unnecessary physiotherapy sessions or
even reoperations. Furthermore, this perspective offers a new
angle/point of view of/for therapeutic approach that differs from
conventional manual rehabilitation methods centered on a
supposed stable shoulder. The results of this study suggest that,
if persistent subtle shoulder instability is suspected, patients
might actually benefit from a multidisciplinary approach
including a “re-afferentation” of their shoulder based on a
neuromuscular and proprioceptive work, a cognitive behavioral
approach to decondition this pathological residual apprehension
by making them realize residual micromotion does not
necessarily lead to recurrent instability, coupled with rotator
cuff reinforcement to avoid further dysfunction due to muscle
fatigue, notably anterosuperior migration of the humeral head
and consequent impingement. 3%/

Cognitive behavioral therapy with gradual exposition has
already demonstrated successful results in the treatment of
kinesiophobia,®**=*%! a condition based on a reinjury fear-
avoidance model initially described in low-back pain,®®! further
popularized in sports medicine®”! and various upper limb
conditions.*®!  Neurofeedback may be another applicable
treatment modality where the patient directly visualizes his
abnormal response to a negative stimulus on functional MRI or
electroencephalogram, and can thereby actively correct it.**!

4.1. Strengths and limitations

This prospective study was the first to precisely analyze pre- and
postoperative micromotion in the setting of glenohumeral
instability. The findings are relevant and may change the current
pre-, intra-, and postoperative approach to unstable shoulders.
Several surgical options were used, representing the panoply of

Medicine

currently available treatment options. The number of patients,
due to the complexity of analysis, was adequate compared to
previous shoulder instability studies.***%*! Moreover, patient
selection was strict with exclusion of all conditions (hyperlaxity,
nontraumatic onset, etc) that might affect the results.

However, they were several limitations that warrant discus-
sion. First, the accuracy of the kinematics computation from
motion capture data. Glenohumeral orientation and translation
errors were respectively within 4o and 3 mm for each anatomical
plane, which is acceptable for clinical use in the study of shoulder
pathology. Although the translation error could be of significant
importance for our model, we previously demonstrated that the
computed translation patterns and amplitudes were in good
agreement with published data.'"2%2* For comparison, Kar-
duna et al'*¥ reported orientation errors of 100 for a scapula
tracker and 11.40 for an acromial method against bone pins.
Although glenohumeral translation quantification has been
studied for more than 2 decades,*¥! we found no other study
able to report translation values at the glenohumeral joint using
an external measurement system, such as motion capture.
Second, the limited number of patients did not allow for
comparison between the different surgical techniques. Neverthe-
less, the results representing the activity of a shoulder surgeon
showed that all translations followed similar patterns.

5. Conclusion

While surgical treatment for anterior instability limits the chance
of dislocation, it does not seem to restore glenohumeral
translation during functional ROM. Such persistent micro-
instability may explain residual pain, apprehension, inability to
return to activity and even emergence of dislocation arthropathy
that is seen in some patients. Further research is necessary to
better understand the causes, effects, and treatment of residual
microinstability following surgical stabilization of the shoulder.
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