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Background: This study presents the preliminary results of a new arthroscopic technique consisting of the
association of 2 procedures, capsulolabral repair and subscapularis augmentation tenodesis, in the treat-
ment of traumatic anterior shoulder instability with both glenoid bone loss and a Hill-Sachs lesion.
Methods: Eighty-nine patients engaged in sports were enrolled in this retrospective case-series study with
2 to 5 years’ follow-up. All patients underwent a computed tomography scan to assess the percentage of
glenoid bone loss by the Pico method. A prior stabilization procedure had failed in 20 patients, who were
then segregated into a different group. Visual analog scale (VAS), Rowe, and American Shoulder and
Elbow Surgeons (ASES) scores were used to assess the results.

Results: Only 3 of 89 patients had a post-traumatic redislocation. The mean length of follow-up was
31.5 months (range, 25-60 months). The VAS, Rowe, and ASES scores showed significant improvements:
The VAS score decreased from a mean of 3.1 to 0.5 (P =.0157), the Rowe score increased from 58.9 to
94.1 (P =.0215), and the ASES score increased from 68.5 to 95.5 (P =.0197). The mean deficit of external
rotation was 6° with the arm at the side of the trunk, and the mean deficit was 3° with the arm in 90° of
abduction.

Conclusions: The described procedure is a reproducible and effective technique used to restore joint sta-
bility in patients engaged in sports who have incurred anterior recurrent shoulder dislocation associated
with glenoid bone loss (<25%) and a Hill-Sachs lesion.

This study was operational and by no means experimental. Therefore it did
not require strict selection criteria or rigid actions or envisage violations. In
addition, arthroscopic equipment and all devices used for arthroscopic
repair and tendon fixation were already CE marked in Europe for ortho-
pedic surgery for the period of the study. Accordingly, ethical approval was
waived in light of the observational retrospective design. All patients

provided written informed consent for the index procedure, for phone or
direct visit follow-up, and for the use of clinical data.
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Hill-Sachs lesion

Over the past few decades, arthroscopic anterior cap-
sulolabral repair, which is focused on reconstructing labral
and capsular ligamentous structures, has become the most
popular method for the treatment of anterior shoulder
instability, producing results that are nearly equivalent to
open repair.'**!1?*%% T obtain the best results, this pro-
cedure must achieve an accurate reconstruction of the
glenoid labrum with the correct number of anchors and
physiological tension of the inferior glenohumeral liga-
ment.'®** Furthermore, glenohumeral bone integrity is
mandatory.®

Burkhart and De Beer'” highlighted the role of bone
defects in their failed cases. Importantly, the high failure
rate of 67% was mainly because of significant bone defects
such as anterior-inferior glenoid bone loss (GBL) or large
engaging Hill-Sachs lesions.

In these cases, different techniques may be used as
effective alternatives to anterior capsulolabral repair,
ranging from the association of the Bankart repair and
posterior remplissage™' '’ to the open procedure’*'* or
fully arthroscopic Bristow-Latarjet”'*'>*"* and bone
graft procedures.’”**°*77°% However, the results of these
procedures remain controversial.

The Hill-Sachs remplissage procedure presents its own
rationale, whereas the potential for stable healing of the
capsule and tendon on the humeral head and its role in the
presence of anterior capsular deficiency and GBL has not
yet been well defined.’”” Moreover, the anatomy and
function of the infraspinatus tendon are impaired.”’

Despite low recurrence rates and good clinical results,
the Latarjet procedure is a nonanatomic reconstruction and
may limit functionality and increase the rate of secondary
osteoarthritis by up to 60%."" Latarjet arthroscopic ver-
sions®**** still represent highly demanding techniques
with a significant number of intraoperative complica-
tions.”"*! Indications for bone graft procedures are not well
defined, particularly in the presence of anterior capsulola-
bral insufficiency,”** and failure could occur because of
graft reabsorption.”® Moreover, to date, no study has shown
which arthroscopic technique could be used in cases with
bipolar bony defects (GBL and Hill-Sachs lesion) particu-
larly in young active patients engaged in sports or after the
failure of capsular and Bankart repairs.

In 1986 Johnson™ described an arthroscopic technique
that addressed recurrent shoulder dislocation in patients
with ““virtually nonexistent glenohumeral ligaments” using
the articular portion of the subscapularis tendon; however,

this technique was abandoned because of potential com-
plications related to the placement of metal staples for soft-
tissue fixation adjacent to the level of the glenoid edge.”””
More recently, Denard et al** and Chaudhury et al'’
described 2 different procedures involving the sub-
scapularis tendon to augment insufficient anterior capsu-
lolabral tissue.

On the basis of Johnson’s concept, we developed a new
surgical technique®' consisting of the combination of
Bankart repair and arthroscopic subscapularis augmenta-
tion (ASA) with tenodesis of the upper third of the tendon
(Fig. 1). Our purpose was to assess the short-term results of
this technique to treat anterior shoulder instability in young
active patients with a Hill-Sachs lesions, GBL (<25%), and
insufficiency of the anterior capsulolabral unit in primary as
well as in previous failed surgical procedures.

Methods

Study population

From January 2010 to April 2015, 250 patients were treated for
traumatic anterior instability with arthroscopic Bankart repair and
ASA by 4 surgeons in different shoulder units (M.M., A.Z., R.R.,
S.S.). Of these patients, 161 were excluded from this study
because they could not fulfill the minimum 2-year follow-up.

Eighty-nine patients were available for follow-up ranging from
25 to 60 months (mean, 31.5 months). All examined patients were
treated in the same sports unit from 2010 to 2013 by the same
surgeon (M.M.), who is also the developer of the described
technique. All patients reported engaging in sports activities (eg,
contact and collision sports). The inclusion criteria were as fol-
lows: (1) patients with recurrent anterior dislocation (mean, 6
dislocations; range, 2-20 dislocations) and a positive apprehension
test at 90° of abduction and (2) patients with a Hill-Sachs lesion
(regardless of the size) and anterior GBL of less than 25% (mean,
10.8%; range, 8%-23%) as assessed by computed tomography
(CT). The exclusion criteria were as follows: (1) GBL greater than
25%; (2) voluntary anterior, posterior, or multidirectional insta-
bility; (3) pre-existing glenohumeral osteoarthritis; and (4) over-
head sports activities, assuming that a loss of external rotation
might interfere with the sport-specific activities of throwing
athletes.

Most of the patients were right hand dominant (70%), and
there were 71 men and 18 women included in the study. The mean
age was 29 years (minimum, 18 years; maximum, 38 years). Of
the patients, 69 had undergone no previous procedures (group A).
A prior arthroscopic capsulolabral repair had failed in the 20
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Figure 1
repair.

Arthroscopic subscapularis augmentation of Bankart

patients comprising group B, with a minimum of 1 redislocation
(range, 1-3 redislocations). In this group the recurrence had
occurred during sports activities in 12 patients and after sporadic
trauma during daily activities in 8 patients. The mean glenoid
bone defect was 12% (range, 3%-21%). All of the patients were
treated with absorbable anchors; 2 anchors were used in 12 pa-
tients, and 3 anchors were used in 8 patients.

Functional and radiologic assessments

Preoperative functional assessments of all patients were per-
formed at the operative unit where the procedures were performed
by 2 surgeons who used the Rowe score, visual analog scale
(VAS) score for pain, and American Shoulder and Elbow Surgeons
(ASES) score. One independent sports medicine practitioner
(D.B.) conducted the postoperative ratings of functional results
using consistent methods. The sports activity level was evaluated
using the following rating system: grade I, no limitations in sports
(100% of premorbidity level); grade II, moderate limitations in
sports (>90% of premorbidity level); grade III, mild limitations in
sports (>70% of premorbidity level); and grade 1V, severe limi-
tations in sports (<70% of premorbidity level).”® These assess-
ments could quantify apprehension, subluxation or recurrence of
instability, functional level restrictions in activity, range of motion
(ROM), and strength.

Preoperative imaging for all patients was performed using CT
and the Pico surface area method’ to quantify the percentage of
anteroinferior glenoid deficiency compared with the contralateral
shoulder. A preoperative assessment of GBL was obtained using a
3-dimensional CT system (Optima CT660 64-slice multidetector
CT; General Electric, Little Chalfont, UK) with multiplanar
reconstructions of the glenoid neck and digital subtraction of the
humeral head.

Magnetic resonance imaging (MRI) was effective in demon-
strating labral modifications, and a Hill-Sachs lesion was docu-
mented in all cases. All patients underwent postoperative MRI
examination to assess the position of the anchors and the absence
of early osteochondral damage at 12 months postoperatively.

Surgical technique

The procedure was performed with the patient under an inter-
scalene block in the lateral decubitus position; the arm was
maintained at 40° of abduction and 15° of forward flexion with a
balanced suspension of 5 to 10 1b (STaR Sleeve Traction System;

Figure 2 Capsulolabral deficiency and large anterior gleno-
humeral pouch (arrow), with absence of labrum. GL, glenoid; HH,
humeral head.

Arthrex, Naples, FL, USA). Arthroscopy was performed using a
30° arthroscope and an arthroscopic pump to maintain a pressure
of 60 mm Hg.

Standard anterior and posterior portals were used. A standard
anterior portal was first localized using a spinal needle and sub-
sequently established into the glenohumeral joint immediately
over the superior border of the subscapularis tendon to obtain a
45° angle of approach to enable the use of suture-passing devices
through the tendon tissue. An accessory portal was placed ante-
rosuperiorly immediately above the standard portal. Two cannulas
were used for the inferior and superior-anterior portals.

The anterior and posterior glenohumeral joint structures were
inspected to assess any anteroinferior labral insufficiency (Fig. 2),
superior labrum anterior-posterior (SLAP) lesions, anterior gle-
noid defects, and Hill-Sachs lesions and to confirm the anterior
displacement of the humeral head with respect to the glenoid
cavity. Arthroscopic tools from both anterior portals were used
alternatively to prepare the glenoid neck, repair the labral tear, and
augment the capsular insufficiency with the subscapularis tendon.

Suture anchor bone holes were placed on the anterior glenoid
edge at the 3- or 5-o’clock position in a right shoulder or the 7- or
9-o0’clock position in a left shoulder by first localizing the proper
angle directly using a drill guide. An additional anchor bone hole
was placed at the 1-o0’clock position in a right shoulder or the 11-
o’clock position in a left shoulder to repair a coexisting type II
SLAP lesion.”’

A lower capsular repair was performed with 2.9-mm nonab-
sorbable knotless polyetheretherketone suture anchors (PushLock;
Arthrex) loaded with multistrand sutures (FiberWire; Arthrex).
The middle upper third of the subscapularis tendon was penetrated
at approximately 5 mm from its superior border using a suture-
passing device (Fig. 3) loaded with tape (FiberTape; Arthrex).

Next, one of the free ends was obtained from the upper can-
nula using a suture retriever. Then, the same suture tape end was
passed again in the lower cannula, forming a U-stitch with both
ends of the tape. Use of a punch device was highly effective to
assess the anchor bone hole direction and depth. At this point,
both free ends of the tape were passed through the anchor’s eyelet
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Figure 3  The subscapularis tendon (SSt) was penetrated using a
suture-passing device loaded with multistrand tape. GL, glenoid;
HH, humeral head.

and the anchor was pushed along the tape toward the bone hole
(Fig. 4).

While the anchor was being inserted into the bone, the tape
sutures were kept in traction in the parallel position and care was
taken to maintain the patient’s arm in neutral rotation to avoid
excessive tension on the tissue repair. It is important for the sur-
geon to control the insertion of the anchor’s eyelet and tape,
maintaining the correct direction before impacting the anchor with
a mallet.

The repair, including complete closure of the anterior pouch
and centering of the humeral head in the glenoid cavity, was
assessed by arthroscopic examination from the posterior and
anterosuperior portals (Fig. 5). In patients with failure of a pre-
vious Bankart repair, anchor bone holes were drilled in the same
position.

Statistical analysis

Baseline data obtained from the 89 participants who completed
the study were analyzed using the analysis-of-variance and
Fisher tests. The mean and 95% confidence interval of differ-
ences were evaluated using the analysis-of-variance test. Data
were presented as the mean + standard deviation. The > test or
Fisher test was used to compare our results with data obtained
from previous studies. The level of significance was set at
P <.05.

Arthroscopic findings

We divided our series into 2 groups on the basis of their primary
pathology: group A included the findings from 69 patients who
underwent primary Bankart repair and ASA, whereas group B
included 20 patients who underwent reoperation after a previous
surgical failure. In group A, the following associated lesions
were observed among the 69 patients: 8 partial-thickness rotator
cuff tears (11.5%), 8 type II SLAP lesions (11.6%), and 20

Figure 4 Both free ends of the tape were passed through the
anchor’s eyelet.

engaging Hill-Sachs lesions (22.5%). In 32 patients (46%),
insufficiency of the anterior glenoid capsulolabral tissue was
present; a loose body was found in 6 patients (8.7%). In 8 pa-
tients (11.5%) with partial-thickness rotator cuff tears, a
debridement procedure was required; in patients with type II
SLAP lesions, a concomitant labral repair was always performed
using a third suture anchor. In 20 patients (22.5%), an engaging
Hill-Sachs lesion was found. The operative findings in the group
B patients were as follows: 2 cases of loose bodies (10%), 20
cases of capsulolabral insufficiency (100%), and 8 engaging Hill-
Sachs lesions (40%).

Postoperative protocol

After surgical repair, the shoulder was immobilized in a
brace with the arm in 0° of abduction and internal rotation
for 4 weeks. The rehabilitation program consisted of 4
phases. The first phase was initiated in the fifth week, using
both shoulder passive ROM and active ROM exercises to
increase joint mobility. In the second phase, at 6 to 8 weeks,
the aim was recovery of full ROM (Fig. 6). The third phase,
at 8 to 9 weeks, was focused on the recovery of strength and
proprioceptive abilities. In the fourth phase, at 10 weeks,
the resumption of sport-specific activities was permitted.
Return to sports was allowed at 4 months (Fig. 7). The
same protocol was used in all patients.
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Figure 5

(A) Tenodesis of upper third of subscapularis tendon (SSt) (posterior view). (B) Anterosuperior view. The humeral head is

centered in the glenoid cavity. The arrow indicates closure of the anterior pouch. GL, glenoid; HH, humeral head.

Figure 6
abduction.

Absence of mobility restriction with arm in 90° of

Results

Eighty-nine patients were available for follow-up, which
ranged from 2 to 5 years (mean, 31.5 months). All patients
were rated using the VAS score, Rowe score, and ASES
score. At the final follow-up, the mean scores of all patients
were as follows: VAS score, 0.5 £ 0.8; Rowe score,
94.1 + 6.7, and ASES score, 95.5 + 5.2 (Table I). A
complaint of discomfort when placing the arm in external
rotation and touching the back of the head was made by 4
patients (4.5%). A post-traumatic shoulder redislocation
occurred in 3 patients (3.3%): in 2 of the patients, redis-
location was due to a sports injury, whereas in 1 patient,
redislocation occurred an accidental fall. One of these pa-
tients underwent a repeat ASA procedure. A second pilot
hole was drilled, and the tenodesis was performed again
using a 2.9-mm PushLock loaded with LabralTape
(Arthrex). No complications related to the ASA procedure
occurred. At the final follow-up, no significant differences
were observed in shoulder forward flexion (P = .258),

Figure 7

Complete recovery of shoulder stability.

extension (P = .325), and internal rotation (P = .480)
compared with the normal contralateral side. In contrast,
compared with the normal contralateral side, shoulder
external rotation at the side (P = .013) and in abduction
(P = .0351) significantly differed; moreover, the mean
deficit of external rotation was 6° with the arm at the side of
the trunk, and the mean deficit was 3° with the arm in 90°
of abduction. All these functional and subjective results
enabled all patients to return to full work activities. At the
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Table I  General functional outcomes
Preoperative Postoperative (FU) Mean difference P value 95% (I
VAS score 3.1+£13 0.5 £ 0.8 2.5 P = .0157 —2.79 to —2.30
Rowe score 58.9 +£ 9.3 94.1 + 6.7 35.2 P = .0215 32.97 to 37.36
ASES score 68.5 + 9.5 95.5 + 5.2 26.9 P =.0197 24.89 to 28.95

ASES, American Shoulder and Elbow Surgeons; CI, confidence interval; FU, follow-up; VAS, visual analog scale.

Data are presented as mean =+ standard deviation.

final follow-up, no limitation in sports activities (grade 1)
was reported in 74 patients (83%), a moderate limitation of
the premorbidity level (grade II) was reported in 12 patients
(13%), and a mild limitation of sports activities (grade III)
was reported in 3 patients (4%). No grade IV limitation was
found. MRI evaluations at follow-up 12 months post-
operatively showed good positioning of the anchors and no
signs of early osteochondral damage (Fig. 8). We observed
no significant difference between the final outcomes of
group A patients (Table II) and the final outcomes of the
patients with previous failed Bankart repairs (group B)
(Table III).

Discussion

The purpose of our study was to assess the clinical results of
ASA in combination with Bankart repair for the treatment of
anterior shoulder instability with anterior GBL of less than
25% and a Hill-Sachs lesion in young active patients
engaged in sports. The main significant finding was that the
association of ASA with the classic Bankart repair yielded
good clinical outcomes, good patient satisfaction scores, and
functional improvement with a relatively low rate of recur-
rence. When assessed by the x2 test, our rate of recurrence
(3.3%) was not significantly different (P < .05) from the
data reported by Kim et al’® (P = .365, Mologne at al*
(P = .272), and Shibata et al’’ (P = .413). However, these
authors reported on patients who were not engaged in sports
and who were affected by moderate GBL; their results
showed that the failure rate ranged between 8.8% and 14%.

In the series reported by Lafosse and Boyle®’ (P =.125)
and Walch and Boileau®’ (P =.301), the rate of recurrence
was nearly zero. However, no statistical difference was
found compared with our series.

The secondary purpose of this analysis was to evaluate
the effectiveness of this new technique in patients with
recurrence after arthroscopic Bankart repair (20 patients)
and anterior GBL of less than 25%. Importantly, the good
outcome of group B was unexpected because it is well
known that it is difficult to perform an arthroscopic revision
after a failed prior operation.'”**" The rate of recurrence
of ASA (0%) for our revision surgery was significantly
superior compared with other studies,”'”****** in which
the rate of recurrence has ranged from 16% to 30%.

Figure 8 A postoperative magnetic resonance imaging scan
(1.5-T; General Electric) shows good positioning of the anchors
and absence of early osteochondral damage.

Many studies in the literature within the past 10 years
have reported that the rate of recurrence after primary
arthroscopic stabilization is highly variable,>*'®!%20-2
ranging from 0% up to 40% when a simple Bankart
repair was performed and GBL was less than 25%. This
resulted in a widespread recourse to techniques such as
both the open®™”’ and arthroscopic’” Bristow-Latarjet
procedures, which were shown to systematically yield
much lower recurrence rates. The overall failure rate in our
series was 3.3% (3 of 89 patients): 3 patients in group A
(which comprised 69 patients) and no patients in group B
(which comprised 20 patients).

In our study, we aimed to probe whether arthroscopic
“double soft-tissue” stabilization on the glenoid rim yiel-
ded good clinical functional results in an active young
population with anterior GBL of less than 25% and,
moreover, with engaging Hill-Sachs lesions, albeit without
altering the anatomy of the coracoacromial arch. During the
past century, the use of the subscapularis tendon as a me-
chanical barrier to prevent anterior instability was widely
reported in the Putti-Platt procedure,”’*” which was sub-
sequently modified by Symeonides.”””* The use of the
subscapularis tendon was also reported in the Magnuson-
Stack procedure.”’ Long-term clinical reviews of the re-
sults of these open techniques have been controversial
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Table II  Functional outcomes in group A patients (n = 69)

Preoperative Postoperative (FU) Mean difference P value 95% (I
VAS score 3.2+ 1.5 0.5 + 1.2 2.7 P =.0175 —2.81 to —2.40
Rowe score 61.2 + 8.4 95.5 £ 5.4 34.8 P =.0135 33.50 to 37.50
ASES score 69 £ 5.5 94.5 + 3.5 25.5 P =.0193 25.61 to 28.52

ASES, American Shoulder and Elbow Surgeons; (I, confidence interval; FU, follow-up; VAS, visual analog scale.

Data are presented as mean + standard deviation.

Table III  Functional outcomes in group B patients (n = 20)

Preoperative Postoperative (FU) Mean difference P value 95% (I
VAS score 3.15 + 1.2 0.8 +£ 1.3 2.4 P = .0235 —2.59 to —2.31
Rowe score 58.2 + 12.2 96.4 + 5.3 37.2 P = .0207 32.50 to 36.5
ASES score 67.6 + 10.2 96 £+ 7 28.4 P = .0147 24.5 to 27.95

ASES, American Shoulder and Elbow Surgeons; CI, confidence interval; FU, follow-up; VAS, visual analog scale.

Data are presented as mean + standard deviation.

because whereas these studies reported good results, even
in patients practicing contact sports,”"*°" joint stability was
achieved to the detriment of external rotation; in this re-
gard, because there is no agreement of results and no
specific studies in the literature regarding throwing sports,
as well as in light of the possibility of limitations of the
cocking phase, which is specific to these types of sports
activities, we believed that it was appropriate to exclude
this category of sports. Furthermore, some authors pro-
posed that this limitation of external rotation could cause
secondary osteoarthritis.”**** In our study, the loss of
external rotation (6° with the arm at the side of the trunk
and 3° with the arm in 90° of abduction) was significantly
lower compared with the loss resulting from the open Putti-
Platt procedure (ranging from 6° to 25°), and such a loss
did not exceed the functional limitations of other types of
techniques™”7**7%7°°% (je, arthroscopic Bankart repair,
Bankart repair plus remplissage, and open or arthroscopic
bone-block transfers). The arthroscopic technique
described by Johnson™ was original; however, the use of
metal staples for soft-tissue fixation adjacent to the level of
the glenoid edge was criticized because of potential com-
plications.” Recently, 2 techniques have been described in
which the subscapularis tendon was used to treat anterior
capsulolabral insufficiency. The first technique, described
by Denard et al,”* consisted of a subscapularis flap used to
augment the Bankart repair, whereas the second technique,
described by Chaudhury et al,'” consisted of a complete
tenodesis of the tendon and its advancement and fixation to
the medial border of the glenoid neck using a large number
of anchors.

Another important observation in our study was the
absence of early osteochondral damage after this type of
surgery. The detection of secondary osteoarthritis after the
open or arthroscopic treatment of instability is a highly

debated topic, and its true etiology remains unclear. Ac-
cording to some studies,””**~* when iatrogenic causes are
excluded, osteoarthritis would appear to be secondary to the
number of dislocations and the time elapsed between the first
dislocation and the surgical repair. However, it has been re-
ported that the use of all techniques, from open Bankart to
open Latarjet procedures, may lead to high-grade osteoar-
thritis according to the classification of Samilson.'%#*34?
Furthermore, the correlation between the Putti-Platt tech-
nique and early osteoarthritis remains controversial.”' ' We
propose that an arthroscopic partial tenodesis of the upper
part of the subscapularis tendon on the glenoid rim is not
likely to cause early osteochondral damage, as shown by the
MRI scans obtained 1 year postoperatively. To our knowl-
edge, this is the first short-term but consecutive control-
group study in which all patients were operated on by the
same surgeon with an arthroscopic procedure using double
soft-tissue stabilization with the upper third of the sub-
scapularis tendon; moreover, no early or late complications
were reported after this procedure. On the basis of the current
knowledge regarding the GBL percentage and the Hill-Sachs
lesion size necessary to determine an engaging head dislo-
cation, these encouraging results prompted the consideration
that this technique could have a definitive place in the
treatment strategy for young recreational athletes and for
individuals with previous failed surgical procedures, thereby
avoiding the recourse to more complex procedures.

Limitations

There were a number of limitations in this study. The study
was not a biomechanical study assessing the stabilizing ef-
fect of the procedure and the loss of shoulder motion
compared with other techniques. The follow-up period was
relatively brief, such that long-term outcomes, including the
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incidence of late osteoarthritis, could not be studied. Thus it
will be important to evaluate these patients at 10 years’
follow-up. Furthermore, this study did not enable assessment
of the quality of the tendon—to—bone tissue healing.

Conclusion

ASA is a safe procedure and provides good functional
results for non-throwing athletes. It allows restoration of
shoulder stability in patients with GBL of up to 25% and
an engaging Hill-Sachs lesion, as well as capsular defi-
ciency at the primary and secondary stabilization.
Furthermore, ASA is effective in patients practicing
contact sports, yielding a high rate of return to preinjury
functional levels.
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