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INTRODUCTION

The suprascapular nerve (SSN) is a mixed peripheral nerve that provides the sensory and motor innervation to the posterior and superior aspects of the shoulder. Regional anesthesia obtained via SSN block (SSNb) is widely used in the management of acute, chronic, and recalcitrant shoulder pain [START_REF] Chang | Comparison of the Effectiveness of Suprascapular Nerve Block With Physical Therapy, Placebo, and Intra-Articular Injection in Management of Chronic Shoulder Pain: A Meta-Analysis of Randomized Controlled Trials[END_REF] . During the last two decades, ultrasonography (US) has gained popularity for the evaluation of peripheral neuropathies. The implementation of ultrasound-based (US) of image guidance has been utilized in an attempt to improve the accuracy of distal suprascapular nerve block (dSSNb) [START_REF] Siegenthaler | Ultrasound-guided suprascapular nerve block, description of a novel supraclavicular approach[END_REF][START_REF] Melnyk | Updated Retrospective Single-Center Comparative Analysis of Peripheral Nerve Block Complications Using Landmark Peripheral Nerve Stimulation Versus Ultrasound Guidance as a Primary Means of Nerve Localization[END_REF] . However, Lapègue et al [START_REF] Lapegue | Ultrasonography of the brachial plexus, normal appearance and practical applications[END_REF] demonstrated that the SSN was more difficult to characterize in the suprascapular location than in the supraclavicular area. The contribution of US guidance to dSSNb may be limited by the depth of the nerve, as well as the significant anatomic variation in the SS notch.

Using surface landmarks, the dSSN may also be identified at the SS notch [START_REF] Chan | Suprascapular nerve block: a narrative review[END_REF] . Landmark based approach (LBA) appears to be an attractive "low tech" alternative to the US guided approach for the dSSNb [START_REF] Matsumoto | A new nerve block procedure for the suprascapular nerve based on a cadaveric study[END_REF][START_REF] Fernandes | Suprascapular nerve block: important procedure in clinical practice. Part II[END_REF] . Despite the many available approaches and techniques (US, fluoroscopy, arthroscopy) published to date, the relative accuracy of image guidance compared to a LBA to dSSNb is unknown [START_REF] Rothe | Ultrasoundguided block of the suprascapular nerve -a volunteer study of a new proximal approach[END_REF][START_REF] Lee | Efficacy of direct arthroscopy-guided suprascapular nerve block after arthroscopic rotator cuff repair: a prospective randomized study[END_REF] . Furthermore, utilization of a LBA would allow surgeons to easily provide locoregional anesthesia to their patients in an expeditious and patient-specific fashion prior to, or subsequent to surgical procedures. The primary aim was to compare the accuracy of dSSNb performed via ultrasound-guided regional anesthesia (USRA) or a landmark-based approach (LBA). The secondary aim was to describe the anatomic features of the sensory branches of the dSSN. The primary hypothesis was that the LBA is as accurate and reliable a method as US guidance for the dSSNb. The secondary 51 hypothesis was that the dSSNb included sensory branches proximal to the SS notch.

II.

MATERIALS AND METHODS

Thirty shoulders (15 left and 15 right) from 15 fresh-frozen cadavers were obtained from the pathology department of Reims Champagne-Ardenne (Reims, France). The cadavers were stored at 4°C (median duration 5 days (range, 1-8)). The specimens were assessed by two members of the author team, an orthopedic resident and a senior anesthetist. The median age of the specimens (6 males, 9 females) was 83 years (range, 74 -98) with a median BMI of 24 kg/m 2 (range, 18.8 -30.1) [Table 1]. A history of radiation to the brachial plexus and/ or shoulder surgery, or trauma in the cervical, supraclavicular, or shoulder girdle area were considered exclusion criteria. None of the specimens were excluded. Ultrasound-guidance and LBA methods were performed in 15 (Group I) and 15 (Group II) cadaver shoulders respectively. In each cadaver, one SSN was marked using ultrasound guidance and the contralateral side was marked using the LBA. Prior to the procedure, the cadavers were thawed at room temperature for 12 hours. Anesthetic blockade was carried out within 24 hours of thawing in all cases.

GROUP I -ULTRASOUND GUIDED BLOCK OF THE DISTAL SSN

An anesthesiologist (FO) with 10 years of experience in regional anesthesia marked 15 dSSN at the SS notch using a linear high-frequency probe (10-12 MHz) (Edge II, Fujifilm Sonosite ®, Inc., Bothell, USA).

The US protocol previously described by Harmon and Hearty 9 was defined a priori and used for all 15 procedures. Marking of the dSSN was performed via a posterior approach at the level of the SS notch. Cadavers were placed in a semi-seated position at an inclination of 45º with the ipsilateral arm placed at the side of the body and the head turned to the contralateral side without neck elevation. The US probe was placed on the spine of the scapula, medial to the apophysis of the coracoid. The suprascapular notch, covered by the trapezius, was identified.

The SSN was identified beneath the superior transverse scapular ligament. Ultrasound guidance allowed us to measure the depth of the SSN at the SS notch. The needle (SonoPlex cannula 22G*80 mm (PAJUNK, Geisingen, Germany)) was inserted perpendicular to the long axis of the probe and 10 mL of 0.75% ropivacaine colored with 3 drops of methylene blue was injected around the dSSN at the SS notch in all specimens from Group 1 [Figure 1]. Subsequently, 2.5 mL of red colored latex solution was injected at the end of the 15 procedures in order to identify the position of the needle tip. The depth (distance from skin to nerve) of the SSN at the level of the injection was measured under US-guidance.

GROUPE II -LANDMARK-BASED APPROACH TO THE dSSN BLOCK

An orthopaedic resident (BL) with no experience in regional anesthesia marked 15 SSN at suprascapular notch using only bony landmarks about the shoulder.

The protocol for the LBA to dSSN blockade, previously described by Matsumoto et al [START_REF] Matsumoto | A new nerve block procedure for the suprascapular nerve based on a cadaveric study[END_REF] , was defined a priori and used for all cadavers in Group II. A block was performed using palpation alone from a posterolateral approach [START_REF] Fernandes | Suprascapular nerve block: important procedure in clinical practice. Part II[END_REF] . The operator was positioned behind the shoulder. The superficial anatomy of the shoulder was identified and the skin was marked to outline the clavicle, scapula including the acromion, and the coracoid process. The insertion point was the midpoint of the anterolateral angle of the acromion and the medial edge of the scapular spine. The needle (Hypodermic BD PrecisionGlide 21G (Becton, Dickonson and Company (BD) Franklin Lakes, NJ, US) was inclined 30° anteriorly from perpendicular in the sagittal plane and inserted until it reaches the base of the coracoid process [Figure 2]. The same injection protocol described above, including colored ropivacaine and red latex solution, was then carried out.

GROUPS I & II -DISSECTION AFTER INJECTION OF THE DISTAL SSN

To examine the effectiveness of the LBA and US guidance for the dSSNb, cadaveric dissection of the dSSN and its sensory branches was performed, in addition to dissection for anatomic description. The trapezius, deltoid, 2/3 of the medial clavicle, and spine of the scapula were removed in order to facilitate dissection into the subacromial space as well the about the rotator cuff. The supra-and infraspinatus were reflected laterally from their origins on the medial scapula. The muscles were then transected 3 cm from their insertion on the greater tuberosity of the humerus. The superior transverse scapular ligament was preserved, while the spinoglenoid ligament was reflected. Fine microsurgical instruments and surgical loops (3.5X magnification) were used for the dissection of the dSSN and its sensory branches. The mesoneurium was not preserved during the dissection.

The accuracy of the each guidance method was assessed using the proximity of the needle's position (red latex solution) to the dSSN at the SS notch, as well as to the origin of each sensory branch. Each method's predicted ability to provide reliable anesthesia was assessed via the extent of staining of the dSSN, and the origin of the most proximal sensory branch. The number of sensory branches and a description of their course, as well as the distance between the origin of the branches and the dSSN at the SS notch was also described. Distances were measured with a caliper.

STATISTICAL ANALYSIS

Continuous variables were described using medians ranges; categorical variables with frequencies and proportions. Qualitative data were compared using the Fisher-exact test, while quantitative data were compared with the Mann-Whitney-U test. A multivariable regression model was constructed to analyze the relationship between BMI and reliability (marking of the SSN at the SS notch) and accuracy (distance from SSN at the SS notch to the needle's tip) of dSSN staining; adjustments were made based on sex and age. In Group I, multivariable regression models were also used to determine the relationship between the depth of the nerve (US-measured) and the accuracy of the dSSNb; with similar adjustments. Statistical analyses were performed using Excel (Microsoft,Redmond, WA, USA) and WLSTAT 2011 (Addinsoft SARL, Paris, France) software packages. Confidence intervals (CI) were fixed at 95% and level of statistical significance was set at 0.05.

III.

RESULTS

COMPARATIVE STUDY OF METHODS FOR dSSN ANESTHETIC BLOCK

Block accuracy. The median distance between the dSSN and the site of injection was 1.4 cm (range, 0 -5.2). The injection site was distal to the SS notch in all 30 (100%) cases. Needle tip position was highly variable in both techniques; no conclusion could be drawn regarding distance from the needle tips to the SSN [Table 2]. The needle was identified at a median distance of 1.3 cm (range, 0 -5.2) and 1.5 cm (range, 0 -4.5) from the SSN with US guidance and the LBA, respectively. The higher the cadaver's BMI the lower the injection accuracy; however this correlation was not statistically significant (Coefficient (ß): 0.32; IC95 [-1,00 -1.63] ; p=0.63). The depth of the dSSN did not correlate with the distance to the needle's tip when US guidance was used (Coefficient (ß): -0.25; IC95 [-0.67-0.30], p=0.37).

Block reliability. The dSSN was stained at the level of the SS notch in 27 on 30 cadaver shoulders (90%) [Figures 2 and3]. Staining diffused past the origin of the most proximal sensory branch in all 27 cases, indicating excellent predicted block efficacy. The 3 failures that occurred in the US guidance group (80%, n = 12); also failed to mark the sensory branches with colored ropivacaine [Figure 4]. The incidence of the medial subacromial branch (MSAb), the lateral subacromial branch (LSAb), and the posterior glenohumeral branch (PGHb) was 90% (n=27), 87% (n=26), and 83% (n=25), respectively. The incidence of PGHb branch marking was significantly greater with the LBA than with US guidance (10 (67%) vs. 10 (100%), p=0.042).

The incidence of staining of the other sensory branches (MSAb and LSAb) was greater with LBA than US guidance but did not reach statistical significance (p<0.05) [Table 2]. BMI had no impact on the reliability of the anesthetic block (OR 1.04, IC95 [0.72 ; 1.49], p= 0.84.) Dispersion of the colored solution was limited to the suprascapular and SA spaces; no methylene blue was found in the infraspinous fossa. No other nervous structures were stained (eg. axillary nerve, supra-or infra-clavicular brachial plexus). There were no cases of intravascular injection.

ANATOMIC DESCRIPTION

The thirty dSNN traversed the SS notch beneath the superior transverse scapular ligament.

Three sensory branches were identified in all 30 (100%) dSSN: the medial subacromial branch (MSAb), the lateral subacromial branch (LSAb), and the posterior glenohumeral branch (PGHb) [Figures 3 and4]. Three (10%) cadaveric shoulders were found to have two LSA branches. The origin of medial and lateral SAb were at 1.2 cm (range, 0 -2.5) and 0 cm (range, 0 -1.4) from the SS notch. The majority of the origins of the MSAb were proximal to the SS notch (n=21, 70%), while the majority of LSAb originated at the level of the SS notch (n=18, 60%) with none originating proximal to it. All sensory branches that originated proximal to the SS notch, passed beneath the transverse SS ligament and through the notch. The MSAb turned supero-laterally around the base of the coracoid process, giving off branches to the coraco-clavicular ligaments (conoid and trapezoid), then ran supero-laterally toward the medial pole of the SA bursa in all cadaveric specimens. The LSAb was located deep, in the interval between the supra-and infraspinatus muscles before running over the superior face of the supraspinatus tendon and giving off sensory branches to the lateral pole of the SA space. No sensory branching to the supaspinatus tendon was found. For all 30 (100%) cadaveric shoulders, the two SA branches provided bipolar -medial and lateral -sensory innervation to the SA bursa. The origin of the PGHb was at a median distance of 3 cm distal to the SS notch; no origin of the PGHb was reported proximal to the SS notch. Distal to the spinoglenoid notch, the PGHb ran inferomedially toward the posterior shoulder capsule.

III.

DISCUSSION

The development of high-frequency US probes and high-definition US machines has made a significant impact on the efficiency of anesthetic blockade of superficial nerves (eg interscalene brachial plexus anesthetic block, femoral or sciatic nerve block) [START_REF] Hopkins | Ultrasound guidance as a gold standard in regional anaesthesia[END_REF] . However, utilizing US guidance for needle localization requires expertise and equipment availability. The impact of US on the incidence of nerve injuries remains unclear, due to the fact that the cause of transient deficits is thought to be multifactorial [START_REF] Melnyk | Updated Retrospective Single-Center Comparative Analysis of Peripheral Nerve Block Complications Using Landmark Peripheral Nerve Stimulation Versus Ultrasound Guidance as a Primary Means of Nerve Localization[END_REF] . In the present cadaveric study, we showed that the difference in the distribution of the distance of the needle to the SSN at the SS notch was not statistically significant between the two groups thereby providing evidence that the LBA technique is at least as good as the US technique.

Many techniques have been proposed to access the dSSN. They can be direct or indirect depending on whether the anesthetic solution was administered into the SS notch or into the floor of SS fossae. The LBA chosen for the present study was a direct posterior-lateral dSSNb, which was initially described and validated by Matsumoto et al [START_REF] Matsumoto | A new nerve block procedure for the suprascapular nerve based on a cadaveric study[END_REF] , which allowed for marking of 100% of the dSSN and it sensory branches via injection at a median of 1.5 cm latero-distal to the dSSN at the SS notch, irrespective of the specimens. Since its description, dSSNb has undergone several modifications including needle insertion site, and mode of access [START_REF] Fernandes | Suprascapular nerve block: important procedure in clinical practice. Part II[END_REF] . We speculate that the rate of marking of the dSSN and it sensory branches may have been lower if an indirect technique had been selected, due to the tendency to err medio-distally into the supraspinous fossa [START_REF] Chan | Suprascapular nerve block: a narrative review[END_REF] . While the LBA allowed an inexperienced orthopaedic resident to achieve excellent results, obtaining similar results with US guidance requires mastery of US and a non-trivial amount of practice [START_REF] Lapegue | Ultrasonography of the brachial plexus, normal appearance and practical applications[END_REF][START_REF] Chan | Suprascapular nerve block: a narrative review[END_REF][START_REF] Rothe | Ultrasoundguided block of the suprascapular nerve -a volunteer study of a new proximal approach[END_REF] .

Therefore the LBA is a simple and reliable block method that is easily accessible to surgeons.

Our results support the proposition that surgeons are able to "Take Back the Block" and is consistent with a thought processes detailed in "Do It Yourself" by Sherman [START_REF] Sherman | Editorial Commentary: Is It Time for Surgeons to « Take Back the Block »? Do-It-Yourself Suprascapular Nerve Blocks for Arthroscopic Rotator Cuff Repair[END_REF] .

Lapegue et al [START_REF] Lapegue | Ultrasonography of the brachial plexus, normal appearance and practical applications[END_REF] have previously demonstrated that the anatomic characteristics of the dSSN at the SS notch make US-guided procedures challenging and limits their efficiency; especially in overweight patients [START_REF] Chan | Suprascapular nerve block: a narrative review[END_REF] . To visualize the dSSN at the SS notch, the probe would have to be almost in a straight coronal position [START_REF] Melnyk | Updated Retrospective Single-Center Comparative Analysis of Peripheral Nerve Block Complications Using Landmark Peripheral Nerve Stimulation Versus Ultrasound Guidance as a Primary Means of Nerve Localization[END_REF][START_REF] Harmon | Ultrasound-guided suprascapular nerve block technique[END_REF] . However, slight deviation of the probe orientation from that position would result in scanning the floor of the suprascapular fossa. When the floor of the suprascapular fossa is scanned instead, a concave hyperechoic line appears, which can be misinterpreted as the suprascapular notch and the motor branch to the supraspinatus mistaken for the dSSN [START_REF] Harmon | Ultrasound-guided suprascapular nerve block technique[END_REF] . Needles were more likely to be placed in a medio-distal position when ultrasound guidance was used, and a lateral distal position when LBA was used. We hypothesize that the tissue plane used in the LBA (at the level of the scapular neck and base of the coracoid) allowed for better diffusion of anesthetic product than the suprascapular fossa (at the muscular insertion of the supraspinatus) used in the USRA technique. The aforementioned facts may explain the higher failure rate of the US-guided approach with respect to marking of the dSSN and its sensory branches -particularly the PGHb.

There has been significant debate in the literature with regard to the anatomic features of the sensory divisions of the SSN [START_REF] Eckmann | Cadaveric Study of the Articular Branches of the Shoulder Joint[END_REF] . We report new features of the sensory branches of the dSSN, including three branches: a medial SA branch, a lateral SA branch, and a posterior glenohumeral branch. This description is consistent with the bipolar repartition of the nocireceptors in the medial and lateral part of the subacromial bursa described by Ide et al [START_REF] Ide | Sensory nerve supply in the human subacromial bursa[END_REF] . According to Voster et al [START_REF] Vorster | The sensory branch distribution of the suprascapular nerve: an anatomic study[END_REF] , the origins of the proprioceptive branches were proximal to the SS notch in 30% of cases.

The present study found that 23.3% of the origins of all sensory branches of the dSSN arose proximal to the SS notch and consisted primarily of the MSAb (70%). The most proximal sensory branch arose 2.5 cm from the SS notch, and no branch that arose proximal to the superior transverse suprascapular ligament had a trajectory outside of the SS notch. Given the elevated rate of anatomic variation of the suprascapular notch and the possibility of passage of sensory branches outside of the SS notch, we recommend anesthetic injection and diffusion more than 2.5 cm proximal to the passage of the SSN at the SS notch. This allows for satisfactory anesthetic product diffusion following injection at the distal lateral aspect of the SS notch via LBA compared to the US method.

IV LIMITATIONS

This study is subject to the inherent biases associated with cadaveric studies. Cadaver dissection steps may have modified the normal anatomy, the needle's position, and/or the solution spreading, thereby influencing the study's finding. Furthermore, the limited number of specimens limits the reliability of descriptive parameters and limited our ability to identify statistically significant differences between the methods of dSSN block studied. We also acknowledge that US is an operator-dependent modality [START_REF] Tagliafico | Update on Ultrasound-Guided Interventional Procedures on Peripheral Nerves[END_REF] . A single, experienced anesthesiologist performed all the US characterization and regional anesthesia in this study; therefore, intra-class correlation could not be calculated. In a similar fashion, a single operator performed all blocks using the LBA. For that reason, interobserver reliability could not be determined. Additional operators would be necessary in order to better define the reliability of this technique among inexperienced surgeons. Failures of marking that occurred in the USRA group could equally have been due to operator error and not necessarily associated with the technique itself. Furthermore, the variation in accuracy and reliability of USRA according to operator experience and the lack of standardized dye dispersion (ie, needle size, rate of infusion) could not be assessed. The volume of solution injected was based on Wiegel et al [START_REF] Wetzel | Interventions for Postsurgical Opioid Prescribing: A Systematic Review[END_REF] and Desroches et al's [START_REF] Desroches | Suprascapular Nerve Block Versus Interscalene Block as Analgesia After Arthroscopic Rotator Cuff Repair: A Randomized Controlled Noninferiority Trial[END_REF] recommendations; however, excessive dispersion of the staining dye increases the chance that the dSSN will be marked. A single, experienced anesthesiologist performed all the US characterization and regional anesthesia in this study; therefore, intra-class correlation could not be calculated. The lack of visible blood flow during US in addition to the fact that we did not utilize "needle enhancement" mode (Sonosite Edge II) made it more challenging to describe the dSSN at the suprascapular notch. Pleuro-pulmonary injuries, systemic toxicity, and peripheral nerve injury are well diescribed complications of SSN anesthetic block; however, these were not evaluated in the present study. Melnyk et al [START_REF] Melnyk | Updated Retrospective Single-Center Comparative Analysis of Peripheral Nerve Block Complications Using Landmark Peripheral Nerve Stimulation Versus Ultrasound Guidance as a Primary Means of Nerve Localization[END_REF] showed that while the use of guidance during peripheral nerve blocks leads to a significant reduction in the incidence of local anesthetic systemic toxicity, the frequency of lasting injuries did not differ significantly. In addition, the impact of US on the incidence of nerve injuries remains unclear, due to the fact that the cause of transient deficits is thought to be multifactorial. Finally, the lack of statistical significance might also be attributed to the relatively small sample size. Ad hoc power analysis revealed that with 15 cadaveric shoulders per arm (30 total), we would have 75% power to detect a clinically significant difference of 10 mm in the needle distance to the SSN at the SS notch between the LBA and the US group (effect size of 1), assuming a 2-sided significance level of 0.05. Nevertheless, the number of cadavers used in this study is similar to that employed in most contemporary relevant orthopedic studies [START_REF] Matsumoto | A new nerve block procedure for the suprascapular nerve based on a cadaveric study[END_REF][START_REF] Rothe | Ultrasoundguided block of the suprascapular nerve -a volunteer study of a new proximal approach[END_REF][START_REF] Lee | Efficacy of direct arthroscopy-guided suprascapular nerve block after arthroscopic rotator cuff repair: a prospective randomized study[END_REF] .

IV.

CONCLUSION

A LBA is as reliable and accurate as US guidance for the dSSN anesthetic block. Marking of the SSN must be proximal to the SS notch in order to involve the 3 sensory branches in the anesthetic blockade. Only the branch to the supraspinatus (SSp) was marked. 
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	• Left, n (%)	7 (50%)	7 (50%)
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	Depth SSN*, median (mm)	21	N/ A
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