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Methods A two-anchor arthroscopic remplissage was 
performed followed by open dissection of ten fresh-fro-
zen human cadaveric shoulders. The exit point of sutures 
related to muscle–tendon unit as well as the distance 
between the anchors and the rotator cuff was measured.
Results The superior sutures were localized generally in 
the infraspinatus, near the musculotendinous junction. The 
inferior sutures passed through the teres minor muscle in 
seven of ten cases. The distance between the superior and 
inferior anchors and the posterolateral greater tuberosity 
was 14 ± 2 and 12 ± 3 mm, respectively.
Conclusions Arthroscopic remplissage is a capsulo-
myodesis of infraspinatus and teres minor rather than a 
capsulotenodesis of the infraspinatus alone as previously 
believed. Muscular damage may explain posterosuperior 
pain observed in patients who underwent remplissage.

Keywords Anterior shoulder instability · Hill–Sachs 
remplissage · Humeral fracture · Anatomic study · 
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Introduction

In addition to soft tissue injury, bony lesions are frequent 
after anterior shoulder dislocation and include defects of 
the glenoid or impaction of the posterolateral humeral head 
[3, 6, 7]. The latter is commonly known as a Hill–Sachs 
lesion [9]. As this lesion is by definition engaging [13], 
some authors have proposed arthroscopic [24] remplissage 
in which the posterior structures are inset into the defect, 
rendering it extra-articular and preventing the bone defect 
from engaging on the glenoid rim [19]. As such, rem-
plissage has been shown to reduce the risk of recurrence 
in association with an arthroscopic Bankart repair. Most 

Abstract 
Purpose Arthroscopic remplissage of a Hill–Sachs 
lesion is classically described as a capsulotenodesis of the 
infraspinatus within the posterolateral humeral head. The 
aim of this cadaveric study was to evaluate the anatomic 
relationship between the position of anchors and sutures 
placed for remplissage and the infraspinatus and teres 
minor. The hypothesis was that remplissage actually corre-
sponds to a capsulomyodesis of the infraspinatus and teres 
minor muscles.
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authors have stated that remplissage corresponds to a poste-
rior capsulotenodesis of the infraspinatus tendon [2, 8, 20, 
24–26]. A better anatomic understanding of the posterior 
soft tissue involvement caused by the procedure is required 
as it may explain some of the post-operative complications 
that have been described.

The aim of this cadaveric study was to evaluate the ana-
tomic relationship between the position of anchors and 
sutures placed for remplissage and the infraspinatus and 
teres minor. The hypothesis was that remplissage actually 
corresponds to a capsulomyodesis of the infraspinatus and 
teres minor muscles.

Materials and methods

Ten fresh-frozen human cadaveric shoulders were used. 
The mean donor age was 80 ± 9 years. Eight of the donors 
were male, and two were female. The specimens were 
mounted in a simulated lateral decubitus position, secured 
with a clamp on the medial scapula, and mounted onto an 
aluminium frame. The rotator cuff of all specimens was 
intact.

Simulated Hill–Sachs remplissage was performed as 
previous described [11, 24]. The procedures were per-
formed by two surgeons who worked together on each 
cadaver to confirm proper anchor location (blinded for 
review purposes JB and PN). A posterior portal was estab-
lished, and a diagnostic arthroscopy was performed to 
confirm that the rotator cuff was intact. An anterosupero-
lateral (ASL) portal was then established above the biceps 
tendon. The arthroscope was directed to the ASL portal, 
and the posterolateral humeral head was visualized. Since 
the cadavers did not have Hill–Sachs lesions, the location 
of the anchors was based on previous studies [21, 23]. The 
superior anchor was placed medial to the superior aspect 
of the posterior bare area of the humeral head. Once this 
location was confirmed, a calibrated probe was inserted 
through a posterior cannula to find a point 12-mm medial 
to the rotator cuff insertion. This distance was determined 
to be consistent with a small to moderate Hill–Sachs lesion 
width and a conservative placement since larger defects 
extend more medial and would make anchor placement 
more likely to be through muscle [5, 23]. Once the location 
was confirmed, a spinal needle was placed to determine 
the angle of approach. Rotation of the humeral head was 
controlled so that the needle arrived perpendicular to the 
humeral head. A 3-mm single-loaded anchor (SutureTak; 
Arthrex, Inc., Naples, FL) was then placed percutaneously 
to simulate superior anchor placement for remplissage. The 
second anchor was then placed through a separate percuta-
neous incision, 20 mm inferior to the first anchor.

Fig. 1  Posterior view from a left shoulder after skin and deltoid 
removal. The superior suture exits near the interval between the 
infraspinatus and the teres minor, in proximity to the musculotendi-
nous junction of the infraspinatus (white arrow). The inferior suture 
exits in the teres minor muscle, far away from its musculotendinous 
junction (black arrow). IS infraspinatus, TM teres minor, Spine spine 
of scapula

Fig. 2  Posterior view from a left shoulder after skin, deltoid, and 
anchor removal, and lateral reflection of the rotator cuff. The humeral 
head in inferiorly dislocated. The distance between the superior hole 
(white arrow) and the reflected rotator cuff (RC), and the inferior hole 
(black arrow) and the rotator cuff was measured. G glenoid
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Following anchor placement, dissection and measure-
ments were performed by two independent examiners 
(blinded for review purposes PJD and PA). The skin and 
deltoid were removed to reveal the rotator cuff and sutures 
from the anchors (Fig. 1). The bursa was completely 
removed to accurately view the infraspinatus and teres 
minor. The exit point of each suture was recorded relative 
to the rotator cuff (infraspinatus or teres minor) and medial 
to lateral position (muscle, musculotendinous junction, or 
tendon) (Fig. 1). All locations were confirmed by mutual 
agreement between the two examiners. Next, the postero-
superior rotator cuff was reflected from medial to lateral 
to expose the glenohumeral joint. The distance between 
the anchors and the medial cuff insertion on humeral head 
was recorded (Fig. 2). These measurements were taken 
with a manual caliper (Etalong, Roch, Switzerland) and 
again confirmed by mutual agreement between the two 
examiners.

As the data do not contain personal identifiers, this 
research does not require review by an IRB under our fed-
eral law.

Statistical analysis

Because this study was an anatomic description without a 
comparison group, statistical comparisons have not been 
made. Sample size estimation was based upon the goal of 
this study, which was to demonstrate that capsulomyode-
sis is a possible issue. To demonstrate that with a statistical 
power (beta) of 95 %, if the true probability of capsulomy-
odesis is 25 % or more, a sample size of 10 was calculated 
with R v3.1.2 Portable (Free Software Foundation Inc, 
Vienna, Austria).

Results

The results are summarized in Table 1. The distance 
between the superior and inferior anchors and the medial 
insertion of the rotator cuff was 14 ± 2 and 12 ± 3 mm, 
respectively. This corresponded reasonably with the goal 
of a 12-mm wide Hill–Sachs defect. The sutures of the 
superior anchor penetrated the infraspinatus in nine cases 
and the teres minor in one case. The sutures were located 
in muscle in three cases, musculotendinous junction in six 
cases, and tendon (infraspinatus) in one case. The infe-
rior anchor penetrated the teres minor in seven cases and 
the infraspinatus in three cases. In all cases, the inferior 
sutures were located in muscle or the musculotendinous 
junction.

Discussion

The most important finding of the present study was that 
remplissage is a capsulomyodesis of both the infraspina-
tus and teres minor rather than a capsulotenodesis of the 
infraspinatus alone. Remplissage is commonly performed 
for patients with moderate Hill–Sachs defects with glenoid 
bone loss of <25 % and may also be useful for revision of 
previous failed glenohumeral instability surgery. While 
much focus has been placed on the evolving indications 
for the procedure [5], the anatomic consequences have not 
been completely defined.

Previously, it has been stated that remplissage is a ten-
odesis of the infraspinatus tendon. However, the present 
study demonstrates that anchors placed for remplissage 
commonly pass through the muscle or musculotendinous 

Table 1  Summary of results

F female, IS infraspinatus, M male, MTJ musculotendinous junction, TM teres minor, SD standard deviation

Cadaver no. Side Age (years) Sex Superior anchor 
location

Distance from superior 
anchor to insertion of  
the rotator cuff (mm)

Inferior anchor 
location

Distance from inferior 
anchor to insertion of 
the rotator cuff (mm)

1 Right 80 F IS muscle 14 TM muscle 9

2 Left 74 M IS MTJ 18 TM MTJ 17

3 Left 84 M IS muscle 12 TM muscle 15

4 Left 76 F TM MTJ 16 TM muscle 12

5 Right 66 M IS muscle 10 IS MTJ 13

6 Left 72 M IS MTJ 15 TM muscle 9

7 Right 54 M IS MTJ 15 TM muscle 10

8 Right 71 M IS MTJ 13 IS MTJ 11

9 Left 72 M IS tendon 14 IS muscle 9

10 Right 57 M IS MTJ 17 TM muscle 14

Mean (SD) 80 (9) 14 (2) 12 (3)
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junction and involve the teres minor in addition to the 
infraspinatus tendon. Anatomically, it has been shown that 
the superior portion of the infraspinatus tendon is long and 
thick, while the inferior half is short and thin. Similarly, 
the teres minor is almost muscular until its attachment to 
the greater tuberosity [15, 16]. It is not surprising then that 
the present study shows that remplissage as currently per-
formed corresponds to a capsulomyodesis rather than a 
capsulotenodesis.

Dynamic shoulder stability during activity occurs by 
action of the shoulder musculature; among it, the rota-
tor cuff actively controls the direction of the net humeral 
joint reaction force [1]. Stability is achieved by balance 
of the four strong internal rotators (subscapularis, pec-
toralis major, teres major, and latissimus dorsi) and only 
two external rotators (infraspinatus and teres minor). The 
necessary force couple provided by the anterior and pos-
terior cuff muscles [22] may consequently be impaired if 
the posterior muscles are weakened following remplissage. 
While further clinical study is needed, we believe there is 
potential for muscular damage to the posterior cuff given 
the location of the remplissage sutures demonstrated in 
this study. Such muscular damage may partially account 
for recurrence after remplissage [4]. Moreover, remplis-
sage has been shown to limit post-operative external rota-
tion by 8° ± 7° with the arm at the side of the trunk and 
9° ± 7° in abduction [2]. Although the amount is small 
and does not appear to limit return to most sports, it could 
affect overhead athletes such as throwers or tennis players 
who require extreme external rotation to generate maximal 
velocity. Additionally, tying the sutures across muscle may 
lead to post-operative external rotation weakness. The lat-
ter has not been clinically evaluated and warrants further 
study.

Clinically, it has been noted that patients with remplis-
sage have more post-operative pain than patients under-
going Bankart alone. Indeed, one study has reported pos-
terosuperior pain in one-third of patients who underwent 
remplissage [18]. Muscular damage may also account for 
this observation (Fig. 3). However, such iatrogenic muscu-
lar lesions remain generally clinically silent [4]. Reasons 
for this discrepancy are probably numerous. First, the rota-
tor cuff muscles may only provide dynamic stability in the 
mid- and end ranges of motion [10, 14]. Second, the con-
tribution of the cuff muscles to joint stability may be due 
to passive muscle tension from the bulk effect of the mus-
cle and this is not affected by remplissage [12, 17]. Third, 
the volume of muscle trapped by remplissage is perhaps 
insufficient to become clinically problematic. On the basis 
of these findings, however, consequences such as muscle 
damage and strength loss need to be clinically evaluated 
and techniques that rely on capsulodesis alone should be 
explored. Conversely, the tensile strength of remplissage 

by capsule alone might be inadequate in comparison with 
capsule plus tendon or muscle, so biomechanical investiga-
tion of these two techniques of remplissage should also be 
undertaken.

To our knowledge, this is the first study to describe the 
anatomic relationship of Hill–Sachs remplissage with the 
posterior rotator cuff muscles. This study has many limi-
tations. First of all, the sample size was limited and this 
may have affected the results. While a tenodesis of the 
infraspinatus has only be noted in one case, this prevalence 
may have changed with a larger sample size. Second, the 
cadavers did not have Hill–Sachs lesions prior to anchor 
placement. Although creating such lesions from a posterior 

Fig. 3   Posterior view from a left shoulder after skin and deltoid 
removal and arthroscopic double-pulley remplissage technique. A 
consequent amount of teres minor muscle is strangulated

Fig. 4   Estimation of the width of a typical Hill–Sachs lesion on 
T2-weighted fat-saturated MRI arthrogram axial sequence (23 mm in 
this example)
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approach would be difficult because it would affect the 
subsequent remplissage, it may be possible in a future 
study to create Hill–Sachs lesions from an open anterior 
approach based on the glenoid track and then perform the 
arthroscopic remplissage. Anatomic references have been 
taken, and two surgeons confirmed the proper location of 
the anchors. Moreover, a conservative estimate of the width 
of a typical Hill–Sachs lesion (12 mm) which should have 
biased the location to be closer to tendon (Fig. 4) has been 
used.

Finally, while these findings are anatomically interest-
ing, the clinical consequence of the post-operative muscle 
impairment remains to be determined. In general, the clini-
cal results of remplissage have been promising with mini-
mal reported complication [4]. Further study is needed to 
determine whether location of remplissage and/or the tech-
nique for remplissage impacts post-operative pain or the 
development of infraspinatus atrophy.

Conclusions

Arthroscopic remplissage of a Hill–Sachs lesion as cur-
rently performed is a capsulomyodesis of both the infraspi-
natus and teres minor and not a capsulotenodesis of the 
infraspinatus as previously believed.
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