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a b s t r a c t   

Shoulder pain is a highly prevalent condition, often resulting in major life limitations, and requiring ef-
fective treatments. In this work, we explore the anatomical basis of a proposed approach to the regional 
anesthesia of the shoulder through a single injection under the subscapularis muscle. Bilateral experimental 
injections in shoulders from body donors (Radiolar ® and Methylene-Blue) under the subscapular muscle 
(n = 11) and cadaveric systematic dissections of other 35 shoulders from body donors were performed. 
Injectate spread was then qualitatively assessed. Long axis of permeable foramina in the anterior aspect of 
the shoulder joint capsule was measured in centimeters using a digital caliper. More than 40% of specimens 
had at least one permeable space (Weitbrech and/or Rouvière foramina) communicating the subscapular 
bursa and the articular space. We further demonstrate that an ultrasonography-guided injection under the 
subscapularis muscle allows the spread of the injectate through the anterior, inferior and posterodorsal 
walls of the articular capsule, the subacromial bursa, and the bicipital groove, as well as into the articular 
space for some injections. The odds of accidental intraarticular injection decrease when injecting with low 
volumes. This anatomical study provides a detailed description of foramina between glenohumeral 
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Abbreviation: GHL/GHLs, glenohumeral ligament/s; IGHL, inferior glenohumeral 
ligament; MGHL, middle glenohumeral ligament; RF, Rouvière's foramen; SGHL, su-
perior glenohumeral ligament; WF, Weitbrecht's foramen 
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ligaments. Furthermore, the data shown in this work supports, as a proof of concept, a safe alternative for 
rapid and specific blockade of terminal sensory branches innervating the shoulder joint capsule. 

© 2021 Elsevier GmbH. All rights reserved.    

1. Introduction and aims 

1.1. Overview 

Shoulder pain is highly prevalent, and delays in its control in-
crease the risk of chronicization of pain (Marks et al., 2019). The 
usual approach to regional anesthesia of the shoulder blocks the 
whole brachial plexus, through using an interscalene blockade (ISB;  
Winnie, 1970; Fredrickson et al., 2010; ). However, many concerns 
regarding the safety of this technique in clinical practice have pre-
viously been raised, with regional anesthesia found to promote ip-
silateral phrenic nerve palsy in several patients (Urmey and 
McDonald, 1992; Kessler et al., 2008; Price et al., 2012; Bergmann 
et al., 2016; Price, 2007, 2016). Potential alternatives, such as com-
bined blockades of the sensory nerves (Price, 2007), have also been 
shown to have a low degree of/limited success in alleviating pain, 
due to anatomical variability and complexity of the shoulder joint 
innervation (Eckmann et al., 2017; Gonzalez-Arnay et al., 
2020(Galluccio et al., 2020)). This approach also entails several in-
jections, all of which are required to be performed in a hospital 
environment. The possibility of blocking terminal sensory branches 
altogether regardless of the nerve from which they arise (see Section 
1.2) has been hypothesized in previous publications of our group 
(Galluccio et al., 2020; Yamak Altinpulluk et al., 2020b, 2020c). This 
might be achieved by injecting anesthetic drugs under the insertion 
of subscapularis muscle (SSM) using natural gateways to the 
shoulder capsule located between the coracoid process and 
the subscapularis tendon or underneath the latter structure like the 
Weibrecht foramen (WF) and the Rouvière foramen (RF), which are 
potential permeable spaces situated in the anterior wall of the 
shoulder joint capsule between the glenohumeral ligaments (GHLs). 
An injection reaching the pericapsular space through the afore-
mentioned permeable spaces would block all terminal sensory 
branches of the shoulder joint in a single procedure (see Fig. 1B). 
Therefore, this study focusses on characterizing the anatomy of weak 
spaces on the anterior part of the shoulder joint capsule underneath 
the SSM, and the dynamics of fluid permeating these spaces. Re-
levant data concerning the anatomy of shoulder sensory nerves and 
GHLs are summarized below and in Fig. 1 ((A) for anatomy of gle-
nohumeral ligaments and (B) for sensory territories in the anterior 
aspect of the shoulder). 

1.2. Sensory innervation of the shoulder joint 

The anterior aspect of the shoulder joint receives innervation 
from the axillary nerve and the lateral pectoral nerve (Aszmann 
et al., 1996; Nam et al., 2015; Eckmann et al., 2017). The axillary 
nerve provides sensory innervation for the posteroinferior shoulder 
joint capsule, inferior glenohumeral joint, and the fascia of the 
humeral head and neck (Ball et al., 2003; Gurushantappa and 
Kuppasad, 2015; Eckmann et al., 2017; Bickelhaupt et al., 2019). Its 
sensory fibers follow a distinct path compared to motor fibres 
(Eckmann et al., 2017), and they may also emerge either from the 
main trunk of the axillary nerve or from the posterior division of 
the brachial plexus (Tran et al., 2019; González-Arnay et al., 2020). 
The lateral pectoral nerve provides sensory innervation to the skin 
over the subacromial bursa (Akita et al., 2002; Nam et al., 2015), the 
acromioclavicular joint (Van der Windt et al., 1995; Silvestri, 2017); 
and, in some individuals, to the anterior glenohumeral joint 

(Aszmann et al., 1996; Akita et al., 2002; Nam et al., 2015; Tran et al., 
2019). The posterior aspect of the shoulder joint receives innervation 
from axillary nerve and the suprascapular nerve (Aszmann et al., 
1996, see also Al-Redouan et al., 2021), the latter receiving sensory 
input from the lateral upper limb and the posterior area of the 
humeral head along with the shoulder joint capsule (Cummings 
et al., 2000; Bickelhaupt et al., 2019; Eckmann et al., 2017). Addi-
tional innervation arising from the suprascapular nerve's acromial 
branch and lateral pectoral nerve, which also possesses segregated 
terminal sensory branches, has also been identified (Eckmann et al., 
2017; Tran et al., 2019). The acromioclavicular joint is innervated by 
the lateral pectoral nerve and acromial branches of the su-
prascapular nerve (Tran et al., 2019). Regardless of their origin, 
segregated sensory fibers are distributed around the shoulder joint 
capsule (see also Laumonerie et al., 2020). 

Fig. 1. Theoretical basis for an anterior, deep approach to the regional anesthesia of 
the shoulder. The anterior aspect of the shoulder joint is covered by the lateral 
myotendinous insertion of the subscapularis muscle. The anterior wall of the shoulder 
joint capsule is surrounded by a set of ligaments consisting of the inferior (IGHL, 
white), middle (MGHL, orange) and superior (SGHL, green) glenohumeral ligaments. 
The WF is defined between the SGHL and MGHL (*). A minor caudal hiatus, called the 
Rouvière foramen (**), is defined between the MGHL and the IGHL. In an anatomical 
position, the deltoid muscle (DM) hinders the approach to the lateral insertion of the 
subscapularis muscle (SSM), whereas in an externally rotated and extended position it 
partially pulls away allowing precise identification of the target structures (see Fig. 4). 
B: A schematic drawing highlighting putative territories of innervation dependent on 
the suprascapular nerve (SSN), axillary nerve (AN), lateral pectoral nerve (LPN) and 
musculocutaneous nerve (MCN). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 
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1.3. Clinical anatomy of glenohumeral ligaments 

GHLs are fibrous thickenings that act as reinforcements of the 
anterior wall of the shoulder joint capsule. There is no consensus 
surrounding the anatomy of the GHLs (Chahla et al., 2019). Three 
anterior capsular ligaments have been described: the superior gle-
nohumeral ligament (SGHL), the middle glenohumeral ligament 
(MGHL), and the inferior glenohumeral ligament (IGHL, see Merila 
et al., 2008). Both seminal (Weitbrecht, 1742; Rouvière, 1925, 1932;  
de Palma et al., 1949) and more recent studies (e.g., Steinbeck et al., 
1998; Cole et al., 2001; Pouliart et al., 2008) have identified openings 
between the GHLs (called Weitbrecht and Rouvière foramina) that 
enable excursions of the synovial membrane, which makes contact 
with the subscapular bursa (subscapular recesses) (de Palma et al., 
1949 cited by Di Giacomo et al., 2008; Fig. 1). 

2. Material and methods 

Forty-three shoulders from thirty-four cadavers were used in this 
study (17 males and 17 females, the mean age of 76.6  ±  11.9 years 
old and post-mortem lapses before the fixation of 17.3  ±  9.5 h). 
Human tissue was obtained from volunteer body donors to the 
Applied Anatomy Laboratory at the Autonomous University of 
Madrid Department of Anatomy, Histology, and Neuroscience. Upon 
admission, cadavers were either subjected to immediate perfusion 
with Thiel solution or stored at 4 ºC no longer than 12 h before 
perfusion. Thiel solution was prepared as previously described 
(Thiel, 1992; Ottone et al., 2016), and comprised of 14.3 l of a water- 
based solution containing 3 g 3BO3, 30 ml ethylene glycol, 20 g 
NH4NO3, and 5 g KNO3, and 500 ml of another water-based solution, 
consisting of 20 ml ethylene glycol and 1 ml 4-Cl 3-methyl phenol. 
Perfusion was performed via the femoral vein and artery, starting 
with venous perfusion at a constant rhythm (not faster than 0.4 l/ 
min) for approximately 45 min. After perfusion, cadavers were 

stored for a minimum of 6 months. Epidemiological data of our 
sample is provided in Tables 1 and 2. 

Selection of upper limbs for dissection and further examination 
was random, and from cadavers that had undergone other experi-
mental surgical procedures. We excluded upper limbs that had been 
instrumented at any point in the neck or the rest of the limb, or in 
which previous osteoarticular pathology was known. Limbs from 
cadavers with post-mortem lapses longer than 48 h were also not 
included. 

In the thirty-five specimens (shoulders) selected for dissection, 
the upper limb was separated from the body by cutting 3 cm 
medially into the deltopectoral groove with a MaDo® Selekta 3 band 
saw. After limb separation, the deltoid muscle was disinserted, and 
limbs were classified according to their laterality and stored in wa-
tertight boxes filled with Thiel's solution until the moment of dis-
section. For dissection, the axillary nerve and the vascular structures 
of the axilla were sectioned and rebutted medially. The SSM was 
then separated from its medial insertions in the subscapular fossa 
using a transversal cut, and gently dissected until its myotendinous 
insertion in the humeral head was visible. The upper border of the 
SSM was employed as a reference to identify the SGHL and 
the subscapular bursa. After removing the subscapular fat, the re-
maining connective tissue covering the GHLs was removed, and the 
shoulder was positioned in forced extension to identify them 
correctly. 

The spaces between the GHLs were assessed dynamically, 
moving the joint from the neutral position to an external rotated 
position. When permeability of the spaces was in doubt, it was 
checked by observing fluid leakage after the injection of 5–10 ml of 
red ink through the rotator interval (see discussion). Long axis of 
permeable spaces was measured with a LCD® Vernier digital caliper. 
The permeable spaces between the SGHL and the MGHL were de-
signated as WF when identified caudal to the SGHL, and as RF when 
identified between the MGHL and the IGHL. In cases in which SGHL, 

Table 1 
Description of the sample and summary of results.           

Case Sex Age Post- mortem lapse (h) Cause f death Laterality Pattern WF (cm, long axis) RF (cm, long axis)  

D1 Female  86 4,5 AD R 2   
D2 Female  87 12 Neoplasia L 1 0.45  
D3 Male  51 24 Neoplasia L 3   
D4 Female  77 22 Neoplasia L 2   
D5 Male  66 13 Neoplasia R 2   
D6 Female  82 7 Neoplasia R 3 0.58  
D7 Male  73 33 MI R 1 0.45  0.41 
D8 Male  74 39 COPD R 3   
D9 Female  54 14 Neoplasia R 3   
D10 Female  88 22 ReF R 2   
D11 Male  98 29 COPD R 1 0.5  
D12 Male  73 6 KF R,L R:1L:3 0.31  
D14 Male  72 36 KF R,L R:1L:2 0.25  0.38 
D16 Female  79 9 Neoplasia R 2   
D17 Male  71 9 COPD R 1   0.75 
D18 Male  80 15 MI (surgery) R 2   
D19 Male  87 21 Pneumonia R 2   
D20 Male  64 6 Neoplasia L 1   
D21 Male  73 10 MI L 2   
D22 Female  88 16 HF R 2   
D23 Female  65 6 Neoplasia R 1 1.1  
D24 Male  78 26 NHL R,L R:2L: 1 0.5  0.5 
D26 Female  87 16 MI R,L R:1L: 1 0.14 0.37  
D28 Male  65 14 Neoplasia R 1   
D29 Female  94 15 KF L 1   
D30 Male  67 6 Neoplasia R,L 2   
D32 Female  73 18 Neoplasia R,L R:3L:1 0.9 0.3  0.1 
D34 Female  94 18 Sepsis R 1 0.55  0.37 
D35 Female  77 12 Neoplasia L 3 0.69  
D35 Male  71 40 Myeloma L 1   

Abbreviations. MI: myocardial infarction; COPD: chronic obstructive pulmonary disease; KF: kidney failure; HF: heart failure; NHL: non-Hodgkin lymphoma; AD: Alzheimer's 
disease; ReF: respiratory failure; R: right; L: left; WF: Weitbrecht's foramen; RF: Rouvière's foramen.  
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MGHL and IGHL were not easily identifiable, and only one foramen 
was present, it was identified as WF (see Results, particularly pattern 
3). Chi-squared tests were performed to assess the link between sex 
or laterality and particular patterns or presence of foramina. 

Eleven cadavers (R1–R11) were selected for experimental bi-
lateral injections (Table 2). Ultrasound (US)-identification of anato-
mical structures was performed with the limb extended and 
externally rotated (Fig. 2), a position that creates a space between 
the coracobrachialis and the biceps brachii, leaving the SSM im-
mediately underneath the deltoid muscle (Fig. 2C). The myotendi-
nous nature of the lateral insertion of the SSM produced a 
characteristically mixed echogenicity with a dotted pattern (Fig. 3). 
An US-guided (13–6 Mhz linear probe) injection was delivered into 
each shoulder from 11 body donors used for injections. After loca-
lization of the acromial tip and external rotation and extension of 
the arm, a 21G needle was inserted in-plane from cephalic to caudal 
until confirmation of its placement deep to the subscapularis 
tendon. Either 10 ml of Radiolar® (4 shoulders, R1–R4), or 10 ml 2% 
methylene blue (10 shoulders, R1–R7), or 5 ml 2% methylene blue (8 
shoulders, R8–R11) was injected into shoulders. Methylene blue- 
injected shoulders were then subjected to further dissection in order 
to assess the extension of the methylene blue across the walls of the 
articular capsule (pericapsular space) and in the articular space 
(however, description of the anatomical pattern of the GHLs in in-
jected shoulders was deemed unreliable, see Discussion). Dissection 
was performed from the acromion to the clavicle and along the 
deltopectoral groove. SSM was exposed after disinsertion of 
the deltoid muscle and pectoralis major, as previously described. The 
anterior wall of the articular capsule was exposed after detaching 
the myotendinous insertions of the SSM. Radioscopy images were 
obtained from Radiolar ® injected shoulders (Table 2). The process 
and landmarks useful for ultrasonographic plane identification, as 

well as maneuvers involving the upper limb and possible approaches 
for injection are summarized in Figs. 2 and 3. 

3. Results 

3.1. Anatomy of the glenohumeral ligaments 

Specimens were firstly classified according to the number of 
GHLs found. The SGHL (superior border of GHLs) was found after 
following the superior border of the SSM medially until the supra-
glenoid tubercle before complete detachment the muscle. Once we 
had identified the superior border of the whole ligamentous com-
plex (GHLs = SGHL + MGHL + IGHL), the shoulders were classified as 
pattern 1 (‘canonical’ pattern, Figs. 4A, 5A and B) when SGHL, MGHL, 
and IGHL were present, pattern 2 (Figs. 4B, 5E) when only a single 
ligamentous band was found covering the whole anterior aspect of 
the shoulder joint, and pattern 3 (Fig. 4C) when two ligaments were 
identified. Pattern 1 was found in 45.7% (16/35) of specimens, pat-
tern 2 was observed in 34.3% (12/35) of specimens, and pattern 3 
was identified in 20% of specimens (7/35),which coincides with 
previous findings of Burkart and Debski (2002) and Steinbeck et al. 
(1998) (Table 1). Although the absence of SGHL has been described 
as an anatomical variant, all shoulders presenting pattern 3 showed 
a ligamentous insertion in the supraglenoid tubercle of a fascicle 
that runs parallel to the SSM. We therefore only considered the 
upper fascicle (** in Fig. 4C) as a true SGHL. 

3.2. Permeable spaces between the glenohumeral ligaments 

Upon red ink injection through the rotator interval, only one or 
two foramina could be identified due to fluid leakage caudal to the 
SGHL. Overall, 42.8% (n = 15) of specimens presented a permeable 

Table 2 
Description of the sample and results (injected shoulders).              

Case Sex Age (Years) Post- 
mortem 
lapse (h) 

Cause of death Laterality Injectate 
type 

Injectate spread 

Bicipital 
groove 
(MCN) 

Postero- 
dorsal joint 
capsule 

Antero- 
inferior joint 
capsule (AN) 

Subacromial bursa 
(SSN,AN,LPN) 

Articular 
space  

R1 Male 87 15 AD R Radiolar 
®10 ml 

+ + + + + 

L MB 10 ml + + + + + 
R2 Female 89 19 Pancreatitis R MB 10 ml + + + + + 

L Radiolar 
®10 ml 

+ + + + + 

R3 Female 84 17 COPD R Radiolar 
®10 ml 

+ + + + + 

L MB 10 ml + + + + + 
R4 Female 51 20 MI R Radiolar 

® 10 ml 
-/+ + + + + 

L MB 10 ml + + + + + 
R5 Female 97 4 Septicemia R MB 10 ml -/+ + + + – 

L MB 10 ml + + + + + 
R6 Female 76 20 KD R MB 10 ml + + + + – 

L MB 10 ml + + + + – 
R7 Female 95 21 CCR R MB 10 ml + + + + + 

L MB 10 ml + + + + + 
R8 Female 89 12  R MB 5 ml + + + + – 

L MB 5 ml – + + – – 
R9 Female 66 4,5  R MB 5 ml + + + + – 

L MB 5 ml + + + + – 
R10 Female 86 21  R MB 5 ml + + + + + 

L MB 5 ml + + + + – 
R11 Female 86 20 Ictus R MB 5 ml + + + + – 

L MB 5 ml + + + + + 

Description of the sample of cadavers used for injectate trials with different volumes (R1-R7: 10 ml; R8-R11: 5 ml). Columns on the right indicate the spread of the injectate 
evaluated through dissection after methylene blue injection (R1–R11) or radioscopy after Radiolar® injection (R1–R4). Methylene Blue and Radiolar ® were used in alternate 
shoulders in samples R1–R4. The nerve potentially blocked after an injection in the described area is indicated between parenthesis (MCN: musculocutaneous nerve; SSN: 
subscapular nerve; AN: axillary nerve; LPN: lateral pectoral nerve).  
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space of any kind underneath the SSM (Fig. 4A). 40% (n = 14) dis-
played a WF and 17.1% (n = 6) showed a RF; 14.3% (n = 5) shoulders 
showed both a WF and a RF; and 28.6% (n = 10) shoulders showed 
either a WF or a RF. There was no evident permeable space in 57.2% 
of cases. 

Analyzing each pattern independently, one or two permeable 
foramina were present in 75% of specimens with canonical pattern 1 
(n = 12/16), and in 42.9% of specimens with pattern 3 (n = 3/7), 
whereas no permeable spaces were found in shoulders with pattern 
2 (Fig. 4B.1 and B.2). WF was present in 68.8% of specimens with 
pattern 1 (n = 11/16) and in 42.9% of specimens with pattern 3 (n = 3/ 
7). RF was present in 31.3% of specimens with pattern 1 (n = 5/16) 
and 14.3% of specimens with pattern 3 (n = 1/7) (Figs. 4A.1, B.1, C.1, 5 
A–C, E, F). 

The mean long axis of the WF was measured as 0.49  ±  0.23 cm. 
Additionally, the long axis of the RF measured 0.41  ±  0.21 cm (Fig. 5,  
Table 1; see also Supplementary figure). 

Chi-squared tests also showed no significant differences in the 
distribution of patterns 1, 2 or 3; or presence of WR, RF, or both, 
based on sex or laterality. 

3.3. Experimental injections under the subscapular muscle 

The SSM was identified by US with the arm in an extended and 
externally rotated position. This position pulls the SSM muscle 

anteriorly making it readily identifiable under the deltoid muscle. 
After identification, 10 ml of Radiolar® were injected under the deep 
fascia of the SSM, using the humeral head and the dotted appearance 
of the myotendinous SSM insertion as a reference (Fig. 6A and B). 
The needle was inserted from cephalic to caudal (Fig. 6C). The in-
jection procedure is like the one described in previous works of our 
group (González-Arnay et al., 2020; Galluccio et al., 2020; Yamak 
Altinpulluk et al., 2020b, 2020c, 2020a). We found that Radiolar ® 
injectate spreads rapidly around the anterior and inferior aspect of 
the pericapsular space (Figs. 6D, 7A and C), progressively coating the 
whole perimeter of the shoulder joint capsule. We noticed at a later 
stage, that the contrast became evident along the bicipital groove, 
the anterolateral border of the SSM, and the subacromial bursa 
(Figs. 7B and D, 8B). Dissection after injection of 10 ml of methylene 
blue confirmed fluid spreading around the whole pericapsular space, 
the bicipital groove, and the subacromial bursa (Fig. 6E and F). This 
pattern was consistent in all eleven cadavers selected for experi-
mental injections, with some exceptions regarding the bicipital 
groove in cases R4, R5 (where there was minimal involvement) and 
R8, where the subacromial bursa was also unstained. 

Overall, 100% of injections produced involvement (either uni-
vocal blue staining or contrast presence during radioscopy) of the 
posterodorsal and anteroinferior aspects of the pericapsular space, 
86% (n = 19/22) of injections resulted in involvement of the bicipital 
groove and 95,4% (n = 21/22) and 59% of injections lead to fluid 

Fig. 2. A and C: The SSM is identified medial to the coracoid process and the bicipital corridor, underneath the DM, when the arm is in an externally rotated and extended position. 
B: needle insertion can be performed in a cephalic-to-caudal as lateral-to-medial approaches may risk lesions of the axillary nerve (C). 
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leakage into the articular space (n = 13/22). Interestingly, articular 
space involvement varied depending on the volume injected: 78,5% 
(n = 11/14) of the shoulders where a 10 ml solution was injected 
compared to 25% (n = 2/8) of shoulders injected with 5 ml solution. 
Results of injections are summarized in Table 2, see also Fig. 8. 

4. Discussion 

This study investigates the clinical anatomy of the anterior aspect 
of the shoulder joint capsule. Notably, in 40% of specimens of our 
study-group, we observed at least one permeable space between 

Fig. 3. A: Initial location of the region of interest requires identification of the bicipital corridor (*) with the probe in a transverse position over the humeral head (A), beneath the 
DM. Gradual reposition of the probe from transverse to cephalic-to-caudal (B) allows the identification of the SSM and its myotendinous insertion under the DM (C and D). The 
myotendinous insertion of the SSM is closely superimposed to the GHLs, making differentiation between planes difficult. However, the deep fascia of the SSM appears as a 
hyperechogenic white line (arrows in E and F). Infusion of little amounts of volume below this white line creates a space between SSM and GHLs (pericapsular space) that allows 
distribution of the injectate (H). 
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GHLs in contact with the subscapular bursa and the pericapsular 
space, which single, US-guided injections could potentially take 
advantage of in the management of shoulder pain relief. 
Furthermore, this is the first description of WF and RF using Thiel 
soft-embalming method. 

4.1. Technical issues 

Description of the GHLs has been hampered by difficulties in 
reconciling arthroscopic rear views with dissection obtained from 
front views of the shoulder joint wall (Agur, 1991; Kolts et al., 2001; 
Pouliart and Gagey, 2005). Moreover, traditional fixation methods 
are strongly artifact-prone: the rigidity of formalin-embedded tissue 
increases the fragility of structures, making their separation un-
feasible (Ferrari, 1990; Kolts et al., 2001). Similar issues have also 
been observed in fresh-frozen cadaveric tissue which frequently 
present cracking (Fahy et al., 1990, Pegg al, 1997). Furthermore, re-
peated cycles of thaw and freezing alter human post-mortem soft 
tissue (Klop et al., 2017). Soft-embalmed tissue employed in this 
study offers a valid alternative as it maintains the flexibility and 
consistency of in vivo tissue. The Thiel-fixation method also requires 
the perfusion of a hypertonic solution leading to the collapse of 
flexible-walled fluid- containing structures like the eye globe or the 

synovial capsules, easing the distinction between thin layers of 
tissue. The previous separation of the upper limb from the trunk 
frees movements of the joint eases the identification of the GHLs, 
which are not identifiable when the limb hangs in a neutral position 
(Pouliart et al., 2007). 

The main shortcomings of this study are the impossibility of 
histological assessment of the ligaments described, and the lack of 
precise dissection correlation for injected shoulders, as the 
spreading of the injectate makes the assessment the pattern of 
distribution of GHLs difficult. Although cadavers with a known his-
tory of shoulder pathology or gross abnormalities were discarded, 
complete information about subtle clinical details (e.g. light chronic 
shoulder pain) is well beyond our reach, and it is not fully possible to 
assert that findings in this study are not influenced by factors such as 
degenerative pathology. Despite this, our findings still refer to a real 
population and show the possibility of successful subscapular in-
jections. Another general limitation of this study is the fact that the 
sex ratio of the cadavers in which injections were performed is 
strongly skewed towards females, due to availability issues. This 
shortcoming may be relevant to our findings, as there is some degree 
of dimorphism in glenoid anatomy (Merrill et al., 2008; Mathews 
et al., 2017). However, we didn’t observe any differences in structure 
and patterns of GHLs between sexes in our samples (Table I). 

Fig. 4. A–C: GHLs macroscopic pattern from an anterior view after detachment of the SSM. A: canonical pattern 1 found in 48.6% of specimens, with three GHLs. In cases with 
pattern 1, 68.8% of shoulders presented a WF (A.1) and 31.3% a RF (A.2) B: In 34.3% of specimens GHLs formed a single complex and borders between SGHL/MGHL/IGHL were not 
identifiable (*, B.1 and B.2). C: In 17.1% of specimens only two ligaments were found (** and ***) with a variable gap between them that allowed the formation of a WF in 42.9% of 
cases (C.1) and a RF in 14.3% of cases (C2). 
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Although differences in shoulder anatomy have been widely de-
scribed, they seem not to involve GHLs which mirrors findings of 
previous works (Merrill et al., 2009; Shibata el al, 2019). 

4.2. Weitbrecht and Rouvière foramina are distinct structures in the 
anterior wall of the shoulder joint capsule 

There is some degree of terminological confusion regarding the 
number of spaces present in the anterior aspect of the shoulder joint 

capsule, particularly regarding those situated between GHLs (see  
Section 1.3). Many authors regard the WF and the rotator interval as 
equivalent structures (see Di Giacomo et al., 2008). The rotator in-
terval was defined as a triangular space underneath the SSM (Neer, 
1970), on the anterosuperior aspect of the shoulder, and considered 
as a weak space of the shoulder joint (Ovesen and Nielsen, 1985). 
Both the SGHL and MGHL have been alternatively described as a 
component of the rotator interval floor (Cole et al., 2001; Frank et al., 
2015) with the SHGL also proposed to be a part of the rotator interval 

Fig. 5. Cadaveric dissections of the anterior wall of the shoulder joint capsule. A: pattern 1, showing three. well-defined GHLs with permeable foramina inferior to the SGHL (WF) 
and cephalic to the IGHL (RF). B: the presence of three ligaments (pattern 1) is not immediately associated to the presence of permeable spaces, where the tip of the purple- 
headed pin is inserted in a non-permeable pocket between MGHL and IGHL. C: Case D34 showed an ambiguous pattern that was ultimately classified as 1 as the MGHL is inserted 
exclusively in the deeper edge of the labrum. D: MGHL pulled anteriorly using two pins. E: a typical pattern 2 with a single GHL and no permeable spaces. F: Pattern 3 with a 
permeable space between SGHL and IGHL. Lat: lateral; c: cephalic/superior; m: medial; SST: subscapularis muscle tendon. Stars indicate the opening of the rotator interval (see  
Section 4). 
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Fig. 6. Ultrasound identification of the anatomical structures of the anterior area of the shoulder joint (A and B).The humeral head (h) is covered by the deltoid muscle DM and the 
SSM, which is also identifiable immediately lateral to the coracoid process (c). The injection “in vivo” is to be delivered underneath the SSM (*), after Doppler-color identification of 
the humeral circumflex vessels (B). The avoidance of dangerous zones and the identification of anatomical clues is strongly eased when the arm is in an extended and externally 
rotated position (C), as the SSM is the only structure underlying the DM (see detail) in this position. Once localized with ultrasound the target and inserted the needle as described 
in methods, the contrast medium was injected and the diffusion of the fluid in the anterior portion of the joint capsule was visualized in radioscopy (D) and over the whole capsule 
of the shoulder (F). Cadaver dissection after methylene blue injections showed the spread of the dye in the subscapularis bursa (E). Figs. C and F correspond to a case that has been 
published as scientifical correspondence by our group. 
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roof (di Giacomo et al., 2008). Given the medial-lo-lateral (either 
horizontal or oblique) direction of the GHLs (Kolts et al., 2001; 
Pouliart and Gagey, 2005; Sugalski et al., 2005; Arai et al., 2010; 
Itoigawa et al., 2012) we find these definitions rather contradictory, 
particularly if the tendon of the SSM, which runs parallel to the 
SGHL, is also considered the inferior limit of the rotator interval 
(Frank et al., 2015; Kordasiewicz et al., 2016). This ambiguity leads to 
misinterpretations, as the permeable space between the SGHL and 
the MGHL (aka the WF) has been considered as degenerative by 
some authors (see Di Giacomo et al., 2008). However, irrespective of 
whether they are distinct entities or as part of the rotator interval 
(Feary et al., 2000; Cole et al., 2001), we and others have demon-
strated that permeable spaces are present in shoulders. In this work 
we try to normalize the nomenclature defining three permeable 
spaces in the anterior aspect of the shoulder: 1) Any permeable 
space inferior to the SGHL has been termed WF (Debierre, 1890;  
Paturet, 1951; Jost et al., 2000); 2) Any permeable space between 
MGHL and IGHL has been termed RF (Rouvière, 1932); 3) Although 
this study did not deal extensively with the rotator interval, we 
consider the rotator interval as a permeable space limited antero- 
inferiorly by the tendon of the SSM and postero-inferiorly by the 

SGHL (Frank et al., 2015). Both WF and RF would be, therefore, 
covered anteriorly by the SSM tendon, while the rotator interval 
would be entirely cephalic to the SSM. 

We therefore propose a simple system for classifying the varia-
bility of GHLs based on the number of ligaments: pattern 1 (three 
GHLs), pattern 2 (a single GHL), pattern 3 (two GHLs). According to 
these definitions, permeable spaces are only possible in patterns 1 
and 3. Interestingly, the presence of pockets in the subscapularis 
bursa between ligaments does not automatically imply the presence 
of a permeable WF/RF in our specimens (Table 1, Fig. 5 and sup-
plementary), meaning that subscapular recesses and WF/RF are not 
equivalent structures (DePalma et al., 1949; DePalma, 1983). How-
ever, our findings are still consistent with those of DePalma et al. 
(1949) and DePalma (1983), including our observations in specimens 
that pattern 1 is similar to types I-III of subscapular recesses, with 
patterns 2 and 3 equivalent to type VI and type IV respectively, and 
no pattern corresponding to type V (comparison summarized in  
Table 3). No study has yet examined the morphology and frequency 
of WF/RF, although previous work involving fetal specimens (Cole 
et al., 2001), whose classification of the rotator interval overlaps 
with ours in this study used to define WF/RF, observed similar 

Fig. 7. Spread of the Radiolar ® injectate visualized by radioscopy after injections beneath the SSM. A: Early phase after the injection (*), Injectate quickly spread into the articular 
space and around both the inferior (**) and the medial aspects of the shoulder joint capsule (***). B: Later-phase showing extension of the injectate to the superior aspect of the 
shoulder and the bicipital grove (sulcus intertubercularis, ***, ****, ▲). C: Late-phase injection showing spread around the medial, lateral (including the bicipital groove) and superior 
aspects of the shoulder joint capsule as well as the axillar border of the SSM and the subacromial bursa. D: Late-phase injection showing spread around the whole articular space 
and the subacromial bursa (▲ in C,D). 
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rotator interval morphology and frequencies. Together, these ob-
servations reinforce the idea that permeable spaces between GHLs 
are congenital and not necessarily pathological (Pouliart et al., 2007). 

Moreover, our findings concerning the distribution of GHLs, 
based on its insertions and trajectory, imply that the SGHL is a 
constant structure (from early development) (Kolts et al., 2001; Kask 
et al., 2010), in contrast to previous work. However, the presence of a 
pattern 3 in our specimens matches the frequency of specimens with 
two GHLs in other studies (Fig. 2; e.g., Steinbeck et al., 1998). In some 
cases, a deep MGHL (Fig. 4C and arrow in D) was found to be 
anteriorly covered by both the SGHL and IGHL, a variant that was 

classified as pattern 1. However, this specific pattern has not been 
explicitly described in the literature. This study does not deal with 
other ligamentous structures situated anterior to the GHLs (the 
‘unknown’ glenohumeral ligament, see Kolts et al., 2001), the mor-
phological variations of the subscapularis tendon (Zielinska et al., 
2021), structures related to the aponeurotic complex of the biceps 
brachii (Podgórski et al., 2019, see also Czerwonatis et al., 2020) or 
with a spiral trajectory (Merila et al., 2008). 

4.3. The injection of anesthetic under the myotendinous junction of the 
subscapularis muscle may permit a simple and rapid blocking of sensory 
terminal branches that innervates the shoulder joint capsule 

Shoulder pain is a highly prevalent musculoskeletal disorder, 
commonly affecting working-age people due to occupational and/or 
recreational risk factors. Thus, the economic burden of shoulder pain 
is huge in industrialized countries. In the United States alone, the 
direct cost for treatment of shoulder dysfunction was estimated to 
$7 billion (Meislin et al., 2005), and in Australia, the cost of waiting 
lists for shoulder pain is higher than 1500$ per patient yearly (Marks 
et al., 2018). The lack of proper analgesia produces a progressive 
change in motor strategies for upper limb movements, increasing 
mechanical damage (Struyf et al., 2015). Delays in pain control in-
crease the risk of chronicization and the economic burden associated 
with absenteeism, productivity loss, and repeated medical con-
sultations (Marks et al., 2018). Thus, achieving quick pain relief is 
essential to prevent further chronicization. Conventional pharma-
cological therapies provide limited outcomes, and intra-articular 
injections have not been proved to be as effective as other minimally 
invasive procedures like nerve blockades (Chang et al., 2016). The 
development of point-of-care ultrasonography however has pro-
vided general practitioners (Léger et al., 2015) a powerful diagnostic 
tool that has also been successfully used for guided injections (Lee 
et al., 2018) and rarely for nerve blockades in the context of perio-
perative pain management (see Li et al., 2020). An anesthetic ap-
proach to shoulder pain relief suitable for the outpatient clinic may 
help reduce waiting lists in pain control units. Additionally, effective 
regional analgesia in a post-operatory environment may reduce in-
ternment lapses and ease admission at rehabilitation units, favoring 
functional recovery (Warrender et al., 2016; Menendez et al., 2018;  
Codding and Getz, 2018). 

Nowadays, most approaches to regional anesthesia of the 
shoulder are focused either on individually blocking the sensory 
nerves of the shoulder (Price, 2007) or on blocking the whole bra-
chial plexus using an interscalene blockade (ISB, Fredrickson et al., 
2010). However, the risk of respiratory complications due to ipsi-
lateral phrenic nerve palsy makes ISB unsuitable for non-tertiary 
care. A common alternative to ISB is the combined blockade of the 
axillary nerve and suprascapular nerve from a posterior approach 
(suprascapular nerve; Price, 2007). However, this approach has been 
found to unsuccessfully target some articular branches of the ax-
illary nerve (González-Arnay et al., 2020). US-guided anterior or 

Fig. 8. Spread of 5 ml. Methylene Blue through the bicipital corridor (A, detail, 1), the 
dorsal surface of the shoulder joint capsule (2, B), the ventromedial surface of the 
shoulder joint capsule (3, B) and the subacromial bursa (4, B). 

Table 3 
Equivalence between subscapular recesses and permeable spaces between glenohumeral ligaments.      

De Palma classification of subscapular recesses Patterning of Glenohumeral ligaments and foramina between them 

Type Description Equivalent foramina Corresponding pattern  

I One recess above MGHL Weitbrecht foramen 1 
II One recess below MGHL Rouvière foramen 1 
III Two recesses, one above and one below MGHL Weibrecht foramen + Rouvière foramen 1 
IV One large recess above IGHL, lacking MGHL Weitbrecht foramen 3 
V MGHL as two small synovial folds Not found in our sample Not found 
VI No recess No foramen 2 

The synovial membrane coats the entire fibrous capsule, but there are weak spaces (morpWF and RF) that allow excursions of the synovial membrane, which forms pockets rostral 
to the glenohumeral ligaments. These excursions are called subscapular recesses and depend on the morhology of the GHLs. The table shows a comparison of the classification of 
subscapular recesses (from an intra-articular point of view) and the classification of foramina from an anterior perspective.  
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inferior approaches to the axillary nerve within combined blockades 
have been proposed (Feigl et al., 2018) but are difficult to perform 
outside a hospital environment. This work proposes an alternative 
based on the ‘peripheral’ blockade of every nerves terminal branches 
using a natural gateway to the whole shoulder capsule like the WF or 
the RF, which is approachable between the coracoid process and the 
subscapularis tendon, at least in a significant percentage of adult-age 
patients. Interestingly, all experimental procedures in this study al-
lowed a wide injectate to permeate the anterior aspect of the joint 
capsule, in addition to the pericapsular space of the shoulder. 
However, some degree of failure should be expected due to the ab-
sence of WF and RF. The almost-constant effect here observed is 
possibly due to a further spreading of the liquid through the rotator 
interval capsular opening (RICO, see DePalma et al., 1949; Frank 
et al., 2015) allowing additional blockade of terminal branches of the 
lateral pectoral nerve. Moreover, this approach precludes the da-
mage of any of the vasculo-nervous structures (mainly the axillary 
nerve and the humeral circumflex artery, see Tubbs et al., 
2001; Loukas et al., 2009; Leschinger et al., 2017) contacting the 
anterior aspect of the SSM (when performed Doppler-guided and 
injecting as lateral and cephalic as possible, given that the axillary 
nerve is close to the inferolateral border of the SSM at this point 
before it crosses the quadrangular space). Although a still evolving 
field, recent studies have demonstrated no deep lymphatic vessels 
around the involved area (Ma et al., 2019). 

An additional contentious issue arising from our results is the 
possibility of accidental infusion of the injectate into the articular 
space, which occurred in 59% of injected shoulders. This may be due 
to anatomical variability or previous minor injuries of the articular 
capsule (whether ante-mortem or during handling of the cadaver). 
Chondrotoxicity of local anesthetics has been demonstrated both in 
vitro (Jacobs et al., 2011) and in vivo studies (Dragoo et al., 2012) 
after a single-dose injection. This effect is dose-dependent and time 
dependent, and usually limited to the superficial layers of the car-
tilage, although the effect was found to be less pronounced at low 
doses of mepivacaine and ropivacaine (Piper and Kim, 2008; Kreutz 
et al., 2016). However, clinical studies have mostly demonstrated 
that chondrotoxicity associated with pump infusion (Anderson et al., 
2010; Kreutz et al., 2016), and low doses of anesthetic in repeated 
injection, failed to produce toxicity in a recent study in rodents 
(Iwasaki et al., 2016), a model which is more readily comparable to 
our approach. Moreover, most of the evidence arises from cell cul-
ture studies and the potential clinical impact of the intraarticular 
injection is not fully understood (Hepburn et al., 2011). In this sense, 
we show in our results that a 50% reduction in the injected volume 
significantly reduces the odds of intraarticular involvement (from 
78.5% to 25%, see Table II). 

The present study is an observational study in a sample of human 
body donors and, therefore, its results should not be directly trans-
lated into daily clinical practice. However, it provides a theoretical 
basis for future clinical trials aiming at developing of a point-of-care 
ultrasonography (POCUS)-guided technique for quick regional an-
esthesia of the shoulder, which could be implemented in a primary 
healthcare environment or as an immediate post-surgical pain 
control strategy. We can define this new technique as a pericapsular 
block (Yamak Altinpulluk et al., 2020c), as described and extensively 
studied for the hip joint (Giron-Arango et al., 2018; Yamak 
Altinpulluk et al., 2020a). Both procedures aim to block the terminal 
branches regardless of their origin. Although serial homology be-
tween forelimb and hindlimb is unclear (Diogo and Molnar, 2014) 
the hip and the shoulder show a similar anatomy, a ball-and-socket 
joint with a fibrous capsule covered anteriorly by an easily re-
cognizable myotendinous insertion of a muscle inserted in the 
concavity of a flat bone, as well as a related pattern of capsular li-
gaments and foramina connecting the joint and the pericapsular 
spaces. 
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