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Original Research

What Are the Effects of Remplissage on
6-Month Strength and Range of Motion
After Arthroscopic Bankart Repair?

A Multicenter Cohort Study

Travis L. Frantz, MD, Joshua S. Everhart, MD, MPH, Gregory L. Cvetanovich, MD,
Andrew Neviaser, MD, Grant L. Jones, MD, Carolyn M. Hettrich, MD, MPH,
Brian R. Wolf, MD, MS, MOON Shoulder Group, and Julie Bishop,* MD

Investigation performed at The Ohio State University Wexner Medical Center,
Department of Orthopaedics, Columbus, Ohio, USA

Background: Patients who have undergone shoulder instability surgery are often allowed to return to sports, work, and high-level
activity based largely on a time-based criterion of 6 months postoperatively. However, some believe that advancing activity after
surgery should be dependent on the return of strength and range of motion (ROM).

Hypothesis: There will be a significant loss of strength or ROM at 6 months after arthroscopic Bankart repair with remplissage
compared with Bankart repair alone.

Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 38 patients in a prospective multicenter study underwent arthroscopic Bankart repair with remplissage (33
males, 5 females; mean age, 27.0 ± 10.2 years; 82% with�2 dislocation events in the past year). Strength and ROM were assessed
preoperatively and at 6 months after surgery. Results were compared with 104 matched patients who had undergone Bankart
repair without remplissage, although all had radiographic evidence of a Hill-Sachs defect.

Results: At 6 months, there were no patients in the remplissage group with anterior apprehension on physical examination.
However, 26% had a�20� external rotation (ER) deficit with the elbow at the side, 42% had a�20� ER deficit with the elbow at 90�

of abduction, and 5% had persistent weakness. Compared with matched patients who underwent only arthroscopic Bankart
repair, the remplissage group had greater humeral bone loss and had a greater likelihood of a�20� ER deficit with the elbow at 90�

of abduction (P¼ .004). Risk factors for a�20� ER deficit with the elbow at 90� of abduction were preoperative stiffness in the same
plane (P¼ .02), while risk factors for a�20� ER deficit with the elbow at the side were increased number of inferior quadrant glenoid
anchors (P ¼ .003), increased patient age (P ¼ .02), and preoperative side-to-side deficits in ER (P ¼ .04). The only risk factor for
postoperative ER weakness was preoperative ER weakness (P ¼ .04), with no association with remplissage (P ¼ .26).

Conclusion: Arthroscopic Bankart repair with remplissage did not result in significant strength deficits but increased the risk of ER
stiffness in abduction compared with Bankart repair without remplissage at short-term follow-up.

Keywords: Bankart repair; remplissage; ROM; strength; shoulder arthroscopic surgery

Anterior shoulder instability is a common problem in the
United States, with rates as high as 15% in some specific
populations.19,21,26,42 Not only is this a common problem in
young athletes41,47 and the physically active popula-
tion,11,42 but it also affects the general public.11,30,32,38,56

Many of these patients require shoulder stabilization sur-
gery in some form.17,31,49 For those with an off-track and
engaging Hill-Sachs lesion,8,10,24,36,44,54 remplissage can be

utilized in conjunction with arthroscopic Bankart repair to
reduce the rates of recurrence.27,45,51,52,57 The addition of
this procedure is thought to reduce the risk of recurrent
instability by filling the Hill-Sachs lesion with the infraspi-
natus tendon, not allowing further engagement of the
Hill-Sachs lesion with the anterior inferior glenoid.8,33

However, there is concern that this procedure can limit
range of motion (ROM) and/or strength, particularly in
external rotation (ER), as the posterior structures are being
tethered into the Hill-Sachs lesion.3-5,9,16,18,20,39,43

Patients who have undergone shoulder instability
surgery are often allowed to return to sports, work, and
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high-level activity based largely on a time-based criterion of
6 months postoperatively.1,13,25,28 However, some believe
that advancing activity after surgery should be dependent
on the return of strength and ROM.14,34,37 Currently, the
literature is inconclusive regarding any early limitations in
strength or ROM after Bankart repair with remplissage at
6 months postoperatively. The primary aim of this study
was to determine whether any additional loss of strength
or ROM is present at 6 months after remplissage versus
arthroscopic Bankart repair without remplissage. Second-
arily, we aimed to identify independent risk factors for per-
sistent stiffness or weakness at 6 months after arthroscopic
Bankart repair with or without remplissage. We hypothe-
sized that the addition of remplissage would result in
decreased ROM with no change in strength at 6 months
relative to matched arthroscopic Bankart repair controls.

METHODS

Study Design

Our research collaborative comprises 26 sports medicine or
shoulder fellowship-trained surgeons from 10 academic and
private groups throughout the United States, as previously
described.6,7,29 This prospective cohort study enrolled
patients undergoing surgical treatment for shoulder insta-
bility. Baseline demographic data, patient-reported
metrics, physician examination data, and surgical data
were collected. After undergoing Bankart repair with
remplissage, patients followed standardized anterior shoul-
der stabilization postoperative care, sling usage, and reha-
bilitation protocols at all sites,40 and outcomes were
measured at the 6-month follow-up visit. Participants pro-
vided written, informed consent using institutional review
board–approved consent forms and procedures.

Participants and Matching Procedure

Patients were enrolled at any of the 10 participating insti-
tutions. Patients were eligible if they were aged �12 years
undergoing remplissage in addition to arthroscopic Bank-
art repair for a diagnosis of anterior shoulder instability
between November 5, 2012, and August 30, 2018. Exclusion
criteria included patients with concomitant rotator cuff
repair, open stabilization, bony procedures, posterior or
multidirectional instability, and workers’ compensation
claims. Indications and techniques for remplissage were
left to the discretion of the operating surgeon.

A total of 527 anterior arthroscopic Bankart repair proce-
dures for primary shoulder instability were included in the
database, 38 of which also were accompanied by remplissage
for a Hill-Sachs defect. From the remaining 489 anterior
Bankart repair procedures without remplissage, a matched
cohort was obtained among those patients with some degree
of documented humeral bone loss in which remplissage still
could have been considered a surgical option. Thus, 226 were
excluded because of a lack of any Hill-Sachs defect, and 159
were excluded because of a lack of a corresponding match to
a patient with remplissage with regard to age, sex, injury
during sporting versus nonsporting activity, and number of
dislocations in the past year. The remaining 104 Bankart
repair procedures without remplissage all had at least a
minimal Hill-Sachs defect and were matched to the 38 Bank-
art repair procedures with remplissage by sex, age within 5
years, injury during sporting versus nonsporting activity,
and number of dislocations in the past year. As remplissage
is preferentially employed in the setting of large Hill-Sachs
defects, the remplissage and nonremplissage groups could
not be matched according to humeral defect size.

Data Collection

A detailed physical examination on each patient was per-
formed and documented by the operating surgeon. At the
baseline preoperative and 6-month follow-up visits, parti-
cipants were evaluated for ROM in forward elevation,
abduction, ER at the side, ER at 90� of abduction, and inter-
nal rotation at 90�. Strength was assessed using a standard
5-point muscle testing scale with forward elevation, abduc-
tion, ER with the elbow at the side, the liftoff test, and the
belly-press test. All measurements were performed on the
surgical and contralateral extremities, and no specific
device was used to measure strength or ROM. Contralat-
eral extremity measures were used to assess whether any
preoperative deficit was present. Postoperative measure-
ments and return to baseline were established based on
measuring the same extremity. The same surgeon per-
formed a physical examination for both preoperative and
postoperative assessments. Preoperative Western Ontario
Shoulder Instability Index (WOSI),48 Single Assessment
Numeric Evaluation (SANE), Beighton, and American
Shoulder and Elbow Surgeons (ASES)35,53 scores were
recorded for each patient. Bankart repair with and without
remplissage was performed according to each surgeon’s pre-
ferred technique. Postoperatively, patients participated in a
standardized protocol that was used at all 10 participating
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institutions.40 Operative forms were filled out immediately
after each surgery and documented the type of surgery (revi-
sion vs primary), exact surgery performed, and number and
location of anchors used in the glenoid. Hill-Sachs lesions
were recorded, specifically the estimated width of the defect
as a percentage of the humeral head and if the lesion engaged.
Any capsular abnormality and treatment to address it were
noted. Articular cartilage abnormalities on both the humerus
and glenoid were recorded as well as the size and percentage
of bone loss for any bony Bankart or glenoid bone deficiency.

Definition of Outcome

Changes between the baseline and 6-month follow-up visits
were determined. As described in previous MOON research,
satisfactory return-to-play criteria were defined as having
ROM within 20� of the baseline surgical extremity value in
all planes and a strength measurement equal to or greater
than the baseline value.7 A failure to meet return-to-play
criteria by the patient’s 6-month visit was defined as a
�20� loss of ROM compared with baseline in any plane or
strength grade less than the baseline value or both. Of note,
this study does not directly comment on whether these
patients had successfully returned to sport at the 6-month
postoperative point but rather comments only on whether
they have successfully returned to baseline ROM and
strength.

Statistical Analysis

All analyses were performed using a standard statistical
package (STATA 15.1; StataCorp). Descriptive statistics
were first generated for the entire sample. Bivariate compar-
isons between remplissage and nonremplissage Bankart
repair procedures were performed with and without match-
ing using the appropriate unpaired and paired statistical
tests, respectively. To determine the independent effect of
remplissage on postoperative stiffness, weakness, or insta-
bility at 6 months, a series of conditional logistic regression
models was created with grouping by matched group.
Remplissage status was included by default, and the remain-
ing variables were considered in a backward selection man-
ner with an exit criterion of alpha >0.05. As all patients in
the remplissage group were matched to those in the nonrem-
plissage group by sex, injury during sporting versus non-
sporting activity, and number of dislocations in the past
year, these variables were not considered in the regression
analyses. The remaining variables considered for inclusion
were age (as matching by age was within 5 years, not exact
age); humeral defect size; baseline ASES, WOSI, SANE, and
Beighton scores; preoperative ER ROM; preoperative ER
strength; and number and location of glenoid anchors.

Sample Size Estimation

The rates of meeting ROM and strength return-to-play cri-
teria for remplissage have not been previously described; it
is our clinical opinion that the accurate estimation of meet-
ing ROM and strength criteria within a 20% margin of error
for remplissage and detection of a �25% difference in rates

of postoperative stiffness or weakness for remplissage ver-
sus Bankart repair without remplissage is acceptable. The
study sample (n ¼ 38 with remplissage; n ¼ 104 without
remplissage) is adequately powered to estimate the preva-
lence of these outcomes after remplissage with a 15% mar-
gin of error and a 23% difference in rates of stiffness or
weakness after Bankart repair with versus without
remplissage at 80% power and an alpha of 0.05.

RESULTS

Among the 38 patients who underwent anterior Bankart
repair with remplissage, the mean age was 27.0 ± 10.2
years, and 87% were male (Table 1). The initial instability
episode occurred during sporting activity in 66% of cases.
All patients in the remplissage group had a Hill-Sachs
defect visible at the time of arthroscopic surgery, with a
defect size of 0% to 10% of the humeral head in 18% of
patients, 11% to 20% in 58% of patients, and 21% to 30%
in 24% of patients. No patient in this series had >30%
humeral bone loss. On average, 1.4 ± 0.5 anchors were used
for remplissage. Among matched groups, in the bivariate
analysis, there was a greater degree of humeral bone loss
(0%-10%, 18%; 11%-20%, 58%; 21%-30%, 24%; P< .001) and
a higher likelihood of a �20� ER deficit with the elbow at
90� of abduction at 6-month follow-up for Bankart repair
with remplissage compared with Bankart repair without
remplissage (P = .004); otherwise, there were no significant
differences in any other preoperative, intraoperative, or
postoperative variables between the Bankart repair with
versus without remplissage groups. This includes the num-
ber of anchors used in the Bankart repair with remplissage
(total, 4.5; superior quadrant, 0.7 ± 0.9; inferior quadrant,
1.2 ± 0.9; anterior quadrant, 2.2 ± 0.8; posterior quadrant,
0.4 ± 0.8) and without remplissage groups (total, 4.8; supe-
rior quadrant, 0.8 ± 1.0; inferior quadrant, 1.5 ± 0.9; ante-
rior quadrant, 2.1 ± 0.7; posterior quadrant, 0.4 ± 0.7; P >
.05 for all).

Complications, ROM, and Strength

At 6 months postoperatively, no patients with remplissage
had anterior apprehension on physical examination. How-
ever, 26% of patients in the remplissage group had a �20�

ER deficit with the elbow at the side, and 42% had a �20�

ER deficit with the elbow at 90� of abduction. A total of 5%
had persistent weakness with ER.

Independent Predictors of Persistent
Side-to-Side ER Deficits

Among matched groups, remplissage did not increase the
likelihood of failing to achieve ER with the elbow at the side
within 20� of the contralateral arm (P ¼ .89) (Table 2).
Patients with remplissage preoperatively had 65� ± 20�

ER with the elbow at the side, with 16% having a �20�

deficit, and postoperatively had 59� ± 16� ER, with 26%
having a�20� deficit, while those patients without remplis-
sage preoperatively had 63� ± 20� ER, with 13% having a
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�20� deficit, and postoperatively had 62� ± 18� ER, with
19% having a �20� deficit.

Independent predictors of failing to meet these ROM cri-
teria were increased number of inferior quadrant glenoid
anchors (per additional anchor; conditional odds ratio
[cOR], 2.36 [95% CI, 1.33-4.19]; P¼ .003), increased patient
age (per 5 years; cOR, 3.35 [95% CI, 1.18-9.57]; P¼ .02), and
preoperative side-to-side deficits in ER with the elbow at
the side (per 10� increased deficit; cOR, 1.64 [95% CI, 1.03-
2.63]; P ¼ .04) (Table 2).

Among matched groups, remplissage did independently
increase the likelihood of failure to achieve ER within 20� of
the contralateral arm with the elbow at 90� of abduction
(cOR, 4.69 [95% CI, 1.41-15.60]; P ¼ .01) (Table 3). Patients
with remplissage preoperatively had 86� ± 17� ER, with
21% having a �20� deficit, and postoperatively had 82� ±
16� ER, with 42% having a �20� deficit, while those
patients without remplissage preoperatively had 83� ± 20�

ER, with 24% having a �20� deficit, and postoperatively
had 85� ± 13� ER, with 16% having a �20� deficit.

TABLE 1
Descriptive Statistics and Bivariate Analysesa

With Remplissage
(n ¼ 38)

Without Remplissage
(n ¼ 104) Unpaired P Valueb Paired P Valuec

Age, y 27.0 ± 10.2 22.4 ± 7.9 .005 .20
Sex, % .06 .20

Male 87 96
Female 13 4

Injury during sporting activity, % 66 88 .005 .13
No. of times dislocated in past year, % .97 .84

0 3 4
1 16 13
2-5 53 52
>5 29 31

Hill-Sachs defect noted on arthroscopic surgery, % 100 100 �.99 �.99
Humeral bone loss from Hill-Sachs defect, % <.001 <.001

0%-10% 18 72
11%-20% 58 28
21%-30% 24 0
>30% 0 0

Preoperative ASES score 69.3 ± 19.7 70.2 ± 19.1 .81 .54
Preoperative WOSI score 43.2 ± 19.3 43.6 ± 19.4 .92 .82
Preoperative SANE score 46.7 ± 28.0 44.2 ± 23.6 .61 .27
Preoperative motion

ER with elbow at side, deg 65 ± 20 63 ± 20 .70 .85
Side-to-side deficit, deg –6 ± 11 –4 ± 12 .47 .76
�20� deficit, % 16 13 .61 .79

ER with elbow at 90� of abduction, deg 86 ± 17 83 ± 20 .39 .10
Side-to-side deficit, deg –9 ± 16 –10 ± 20 .72 .27
�20� deficit, % 21 24 .71 .30

Preoperative ER weakness (strength grade <5/5), % 3 4 .83 .37
No. of anchors

Superior quadrant 0.7 ± 0.9 0.8 ± 1.0 .81 .88
Inferior quadrant 1.2 ± 0.9 1.5 ± 0.9 .12 .49
Anterior quadrant 2.2 ± 0.8 2.1 ± 0.7 .93 .42
Posterior quadrant 0.4 ± 0.8 0.4 ± 0.7 .80 .90
Remplissage anchors 1.4 ± 0.5 N/A N/A N/A

Motion at 6 mo
ER with elbow at side, deg 59 ± 16 62 ± 18 .40 .29

Side-to-side deficit, deg –10 ± 14 –8 ± 11 .49 .70
�20� deficit, % 26 19 .37 .69

ER with elbow at 90� of abduction, deg 82 ± 16 85 ± 13 .15 .44
Side-to-side deficit, deg –13 ± 15 –8 ± 12 .03 .11
�20� deficit, % 42 16 .002 .004

ER weakness at 6 mo (strength grade <5/5), % 5 2 .29 .47
Anterior apprehension at 6 mo, % 0 3 .56 .10

aData are shown as mean ± SD unless otherwise indicated. Boldface P values indicate statistical significance. ASES, American Shoulder
and Elbow Surgeons; ER, external rotation; N/A, not applicable; SANE, Single Assessment Numeric Evaluation; WOSI, Western Ontario
Shoulder Instability Index.

bUnmatched comparison.
cMatched by age, sex, injury during sporting activity, and number of dislocations.
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Additional independent predictors of failing to meet ROM
criteria with the elbow at 90� of abduction were a baseline
ER deficit of �20� in this position (cOR, 4.21 [95% CI, 1.27-
14.00]; P ¼ .02), while an increased Beighton score was
protective (per point increase; cOR, 0.59 [95% CI, 0.36-
0.97]; P ¼ .04) (Table 3).

Independent Predictors of Persistent ER Weakness

Among matched groups, remplissage did not increase the
likelihood of having persistent ER weakness at 6 months

postoperatively (P ¼ .26) (Table 4). The only significant
independent predictor of weakness at 6 months was preop-
erative ER weakness (cOR, 13.20 [95% CI, 1.10-1.72];
P ¼ .04) (Table 4).

Independent Predictors of Postoperative
Anterior Apprehension

Remplissage was not predictive of postoperative anterior
apprehension. Because there were no occurrences of ante-
rior apprehension on examination in the remplissage
group, odds ratios and CIs could not be estimated for
remplissage versus no remplissage.

DISCUSSION

Engaging Hill-Sachs lesions continue to be of concern in
patients with anterior shoulder instability. The literature
suggests that remplissage is best utilized in the patient
with little to no glenoid bone loss and a sizable Hill-Sachs
defect that is “off-track” or engaging.8,22,36,44,54 The use of
arthroscopic remplissage to address this abnormality has
demonstrated good clinical outcomes at various stages of
follow-up.4,5,9,18,20,39,57 Prior literature has suggested that
at beyond 2 years, there is a recurrent instability rate of
5.6% to 11.8%.5,9,20,39 Initial in vivo and clinical outcome
studies expressed a concern over the loss of ROM, particu-
larly in ER,4,18 but most recent outcomes suggest that there
is no significant clinical loss of ROM at 2-, 5-, and 8-year
follow-up.5,9,20,33,39 However, our data did demonstrate
that at only 6 months postoperatively, 26% of patients who
underwent remplissage had a �20� ER deficit with the
elbow at the side, and 42% had a �20� ER deficit in abduc-
tion. While the return of ROM likely occurs over a wide
time frame, our data suggest that a large percentage of
patients still possess a significant ROM discrepancy at 6
months. Further follow-up is needed to determine whether
this diminishes over time.

TABLE 2
Independent Predictors of Range of Motion Deficit �20�

in ER With Elbow at Sidea

Conditional Odds Ratio
(95% CI) P Value

No. of anchors in inferior
quadrant

2.36 (1.33-4.19) .003

Age per 5y increase 3.35 (1.18-9.57) .02
Side-to-side ER deficit at

baseline per 10� increase
in deficit

1.64 (1.03-2.63) .04

Remplissage 0.91 (0.23-3.52) .89

aSex, injury during sporting versus nonsporting activity, and
number of dislocations in the past year were not considered, as these
were used as matching criteria for the remplissage versus nonrem-
plissage groups. Additional variables considered for inclusion were
humeral defect size; preoperative ER strength; and baseline Amer-
ican Shoulder and Elbow Surgeons, Western Ontario Shoulder
Instability Index, Single Assessment Numeric Evaluation, and
Beighton scores. These variables were all nonsignificant and not
included in the final multivariate model. ER, external rotation.

TABLE 4
Independent Predictors of ER Weakness at 6 Months

Conditional Odds Ratio
(95% CI) P Value

Preoperative ER weakness 13.20 (1.10-1.72) .04
Remplissage 3.28 (0.41-26.30) .26

aSex, injury during sporting versus nonsporting activity, and
number of dislocations in the past year were not considered, as
these were used as matching criteria for the remplissage versus
nonremplissage groups. Additional variables considered for inclu-
sion were age (as matching by age was within 5 years, not the exact
age); humeral defect size; baseline American Shoulder and Elbow
Surgeons, Western Ontario Shoulder Instability Index, Single
Assessment Numeric Evaluation, and Beighton scores; preopera-
tive ER range of motion; and number and location of glenoid
anchors. These variables were all nonsignificant and therefore not
included in the final multivariate model. ER, external rotation.

TABLE 3
Independent Predictors of Range of Motion Deficit �20�

in ER With Elbow at 90� of Abductiona

Conditional Odds Ratio
(95% CI) P Value

Remplissage 4.69 (1.41-15.60) .01
�20� ER deficit with elbow

at 90� of abduction at
baseline

4.21 (1.27-14.00) .02

Beighton score per point
increase

0.59 (0.36-0.97) .04

aSex, injury during sporting versus nonsporting activity, and
number of dislocations in the past year were not considered, as
these were used as matching criteria for the remplissage versus
nonremplissage groups. Additional variables considered for inclu-
sion were age (as matching by age was within 5 years, not the exact
age); humeral defect size; baseline American Shoulder and Elbow
Surgeons, Western Ontario Shoulder Instability Index, and Single
Assessment Numeric Evaluation scores; preoperative ER strength,
and number and location of glenoid anchors. These variables were
all nonsignificant and therefore not included in the final multivar-
iate model. ER, external rotation.
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The 6-month postoperative mark is commonly used as a
metric for return to work, sport, and play but without
strong supporting literature.1,13,25,28 There is concern that
returning to sport before obtaining full strength and ROM
may increase the likelihood for recurrent or additional inju-
ries; thus, recent rationale suggests that patients should
have full strength and return of ROM before potentially
competing in sport and rely less on a chronological time
point to determine return to play.14,34,37 A recent prior
study utilizing magnetic resonance imaging after arthro-
scopic remplissage demonstrated tissue/tendon incorpora-
tion into the humerus at 8 months postoperatively, but no
images were obtained earlier than this, so the exact time of
healing remains unclear.43 Prior literature also suggests a
return-to-sport rate of 71% to 95.5%, with a mean time to
return of 7 months.5,20 As many as 81% of these athletes
were able to return to the same level/intensity of competi-
tion.20 Knowing this, return-to-play criteria after remplis-
sage need to be critically evaluated. However, the ability to
perform sport-specific tasks with loss of 20� ER will vary
greatly. For many athletes and positions, this would not be
a problem, but for the overhead thrower, it could delay
return to sport and be potentially career ending.20

Because recent clinical outcome literature after remplis-
sage has not demonstrated a significant difference in ROM
at greater than 2 years,5,9,33,39 this is the first study, to our
knowledge, to examine risk factors for the loss of ROM,
particularly ER. Risk factors for a �20� ER deficit with the
elbow at the side or in abduction were increased number of
inferior quadrant glenoid anchors, older patient age, and
preoperative side-to-side deficits in ER or baseline ER def-
icit of �20�, respectively. Perhaps not surprisingly, an
increased Beighton score was found to be protective against
motion loss. With regard to suture anchor position, an
increased number of inferior quadrant anchors led to
increased stiffness in ER. This is likely the result of tight-
ening the anterior inferior shoulder capsule.2,22 Further-
more, it seems logical that those with a true preoperative
ER deficit would have a more difficult time achieving full
ROM postoperatively, although to the best of our knowl-
edge, this has not previously been reported. The Latarjet
procedure is often an option in these patients as well, as it
serves to extend the glenoid track and keep the Hill-Sachs
lesion from engaging, but comes with its own inherent risks
and a complication rate higher than remplissage.12,15,55

Limitations

This study has several limitations. Our main outcome of
return to baseline ROM and strength was recorded without
the use of a specific device for objective measurements;
however, there is known fair to good reliability between
visual estimations and the use of a goniometer.23,46,50 In
addition, manual muscle testing is unlikely to detect more
subtle strength deficits. Also, the definition of symmetric
ROM being within 20� is based on group surgeon consen-
sus7 and may not be a useful criterion for return to sport.
Furthermore, the study identified whether patients failed
to meet designated return-to-play criteria, but it did not
assess actual rates of return to recreational, collegiate, or

professional sport. Data on the actual date of release to
sporting activity were not collected. In addition, while an
effort was made to closely match participants with a control
group, they could not be matched according to the exact
abnormality, as remplissage is selectively performed in
patients with larger humeral head defects. Given this
imperfect match, the argument could be made that patients
undergoing Bankart repair without humeral bone loss still
should have been included in the matched cohort analysis.
However, we believe that it was more appropriate to com-
pare only those with humeral bone loss undergoing Bank-
art repair with and without remplissage. Also, exact
surgical indications and techniques may vary slightly
between surgeons, and no measurements such as glenoid
track were recorded. In addition, the number needed to
treat was calculated after completion of the study. Finally,
the proportion of female patients in the study was low, and
although this likely reflects the balance of patients with
shoulder instability as it relates to patient sex, the ability
to assess sex-based differences was limited. Until longer
term follow-up is available, it is unknown how these find-
ings relate to ultimate results in terms of strength, ROM,
and return to play as well as the risk for recurrent insta-
bility. Despite these potential limitations, this is the larg-
est multicenter, prospective study to evaluate strength,
ROM, and return-to-play criteria after remplissage.

CONCLUSION

Arthroscopic Bankart repair with remplissage did not
result in significant strength deficits but increased the risk
of ER stiffness in abduction compared with Bankart repair
without remplissage at short-term follow-up.
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shoulder dislocations in Oslo. Scand J Med Sci Sports. 2011;21(6):

e334-e340.

33. Liu JN, Gowd AK, Garcia GH, Cvetanovich GL, Cabarcas BC, Verma

NN. Recurrence rate of instability after remplissage for treatment of

traumatic anterior shoulder instability: a systematic review in treat-

ment of subcritical glenoid bone loss. Arthroscopy. 2018;34(10):

2894-2907.

34. McCarty EC, Ritchie P, Gill HS, McFarland EG. Shoulder instability:

return to play. Clin Sports Med. 2004;23(3):335-351.

35. Michener LA, McClure PW, Sennett BJ. American Shoulder and

Elbow Surgeons Standardized Shoulder Assessment Form, patient

self-report section: reliability, validity, and responsiveness. J Shoul-

der Elbow Surg. 2002;11(6):587-594.

36. Momaya AM, Tokish JM. Applying the glenoid track concept in the

management of patients with anterior shoulder instability. Curr Rev

Musculoskelet Med. 2017;10(4):463-468.

37. Murphy M, Stockden M, Charlesworth J, Withers K, Breidahl W, Chi-

vers P. Madness or legitimate option? 8 week return to play following

Latarjet shoulder reconstruction in an Australian footballer. J Sci Med

Sport. 2017;20:3.

38. Nordqvist A, Petersson CJ. Incidence and causes of shoulder girdle

injuries in an urban population. J Shoulder Elbow Surg. 1995;4(2):

107-112.

39. Nourissat G, Kilinc AS, Werther JR, Doursounian L. A prospective,

comparative, radiological, and clinical study of the influence of the

“remplissage” procedure on shoulder range of motion after stabiliza-

tion by arthroscopic Bankart repair. Am J Sports Med. 2011;39(10):

2147-2152.

40. Ortiz SF. MOON Shoulder Instability Anterior Stabilization Protocol.

2012. http://www.moonshoulder.com/booklets/MOON%20Ant%

20Stab%20PT%20Protocol.pdf. Accessed August 19, 2018.

The Orthopaedic Journal of Sports Medicine Remplissage After Bankart Repair 7

http://www.moonshoulder.com/booklets/MOON%20Ant%20Stab%20PT%20Protocol.pdf
http://www.moonshoulder.com/booklets/MOON%20Ant%20Stab%20PT%20Protocol.pdf


41. Owens BD, Agel J, Mountcastle SB, Cameron KL, Nelson BJ. Inci-

dence of glenohumeral instability in collegiate athletics. Am J Sports

Med. 2009;37(9):1750-1754.

42. Owens BD, Dawson L, Burks R, Cameron KL. Incidence of shoulder

dislocation in the United States military: demographic considerations

from a high-risk population. J Bone Joint Surg Am. 2009;91(4):791-796.

43. Park MJ, Garcia G, Malhotra A, Major N, Tjoumakaris FP, Kelly JD.

The evaluation of arthroscopic remplissage by high-resolution mag-

netic resonance imaging. Am J Sports Med. 2012;40(10):2331-2336.

44. Provencher MT, Frank RM, LeClere LE, et al. The Hill-Sachs lesion:

diagnosis, classification, and management. J Am Acad Orthop Surg.

2012;20(4):242-252.

45. Purchase RJ, Wolf EM, Hobgood ER, Pollock ME, Smalley CC. Hill-

Sachs “remplissage”: an arthroscopic solution for the engaging Hill-

Sachs lesion. Arthroscopy. 2008;24(6):723-726.

46. Riddle DL, Rothstein JM, Lamb RL. Goniometric reliability in a clinical

setting: shoulder measurements. Phys Ther. 1987;67(5):668-673.

47. Robinson TW, Corlette J, Collins CL, Comstock RD. Shoulder injuries

among US high school athletes, 2005/2006-2011/2012. Pediatrics.

2014;133(2):272-279.

48. Salomonsson B, Ahlström S, Dalén N, Lillkrona U. The Western

Ontario Shoulder Instability Index (WOSI): validity, reliability, and

responsiveness retested with a Swedish translation. Acta Orthop.

2009;80(2):233-238.

49. Trinh TQ, Naimark MB, Bedi A, et al. Clinical outcomes after anterior

shoulder stabilization in overhead athletes: an analysis of the MOON

Shoulder Instability Consortium. Am J Sports Med. 2019;47(6):

1404-1410.

50. Williams JG, Callaghan M. Comparison of visual estimation and goni-

ometry in determination of a shoulder joint angle. Physiotherapy.

1990;76(10):655-657.

51. Wolf EM, Arianjam A. Hill-Sachs remplissage, an arthroscopic solu-

tion for the engaging Hill-Sachs lesion: 2- to 10-year follow-up and

incidence of recurrence. J Shoulder Elbow Surg. 2014;23(6):

814-820.

52. Wolf EM, Pollack ME. Hill-Sachs “remplissage”: an arthroscopic solu-

tion for the engaging Hill-Sachs lesion (SS-32). Arthroscopy. 2004;20:

e14-e15.

53. Wylie JD, Beckmann JT, Granger E, Tashjian RZ. Functional out-

comes assessment in shoulder surgery. World J Orthop. 2014;5(5):

623-633.

54. Yamamoto N, Itoi E, Abe H, et al. Contact between the glenoid and

the humeral head in abduction, external rotation, and horizontal

extension: a new concept of glenoid track. J Shoulder Elbow Surg.

2007;16(5):649-656.

55. Yang JS, Mehran N, Mazzocca AD, Pearl ML, Chen VW, Arciero RA.

Remplissage versus modified Latarjet for off-track Hill-Sachs lesions

with subcritical glenoid bone loss. Am J Sports Med. 2018;46(8):

1885-1891.

56. Zacchilli MA, Owens BD. Epidemiology of shoulder dislocations pre-

senting to emergency departments in the United States. J Bone Joint

Surg Am. 2010;92(3):542-549.

57. Zhu Y-M, Lu Y, Zhang J, Shen J-W, Jiang C-Y. Arthroscopic Bankart

repair combined with remplissage technique for the treatment of

anterior shoulder instability with engaging Hill-Sachs lesion. Am J

Sports Med. 2011;39(8):1640-1648.

8 Frantz et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




