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Abstract

:

Background: The deltoid is the muscle that forms the rounded contour of the shoulder. Anatomically, it seems to be made up of three different sets of fibers. The three anatomical portions in which the deltoid muscle are typically divided into the anterior (clavicular), the mean (acromial), and the posterior (spinal). Different variations of the deltoid muscle have been described in the literature. The analysis and knowledge of these anomalies are essential for surgeons and anatomists. Methods: A total of 21 specimens (12 women and 9 men) were used with a 10% formaldehyde solution. All specimens were dissected bilaterally (the classical dissection methodology was used). Results: In one corpse, an additional bilateral belly of the deltoid muscle was found. It was observed that this additional muscular belly was related to the fascial tissue of the deltoid muscle and its muscle fibers take origin from the middle third of the inferomedial bands of infraspinatus fascia. In addition, the belly attaches to the posterior belly of the deltoid muscle. The deltoid muscle and the additional belly were innervated by the axillar nerve, which is a lateral terminal bouquet of the posterior fascicle of the brachial plexus. Conclusions: This new variation of the deltoid muscle must be considered by surgeons, as well as abnormal conditions in terms of compartment syndrome involving the shoulder. Therefore, consideration of this variant is necessary for the correct diagnosis and treatment of trauma or other shoulder pathology that may be refractory to standard treatments.
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1. Introduction


The alterations of the musculoskeletal system are one of the causes of greater medical consultation in the different levels of health care. Within these, shoulder pain occupies an important place [1]. The deltoid is the muscle that forms the rounded contour of the shoulder. Anatomically, it seems to be made up of three different sets of fibers. Fick [2] and Kapandji [3] describe seven functional portions in the deltoid muscle according to their location in relation to the abduction axis. Electromyography (EMG) studies also suggest the presence of at least seven groups that can be independently coordinated by the central nervous system to better focus the movement of the respective motor units [4,5]. They have been established by Positron emission tomography (PET). These seven segments are divided by muscular tendons corresponding to the functional units of the deltoid [6]. The three anatomical portions in which the deltoid muscle has been divided classically are the anterior (clavicular), the mean (acromial), and the posterior (spinal). However, the posterior fibers of the deltoid are usually represented by being inserted directly into the spine of the scapula. Moccia et al. [7] observed how they are first fused with the fascia of the infraspinatus muscle, and the contraction force is transmitted to the spine of the scapula. They also found a transverse fascial band from the posterior deltoid muscle belly to the infraspinatus fascia near the lateral edge of the scapula (Deltofascial Bridge). This infraspinatus fascia may be involved in compartment syndromes.



The deltoid muscle is innervated by the axillary nerve, which is a lateral terminal bouquet of the posterior fascicle of the brachial plexus [8,9,10,11,12].



In shoulder surgeries, the separation of the deltoids is common, and there is a high risk of injuring the axillary nerve causing a functional limitation of the shoulder [13,14]. Cetik et al. [15] studied the safe area of a surgical approach to avoid damaging the axillary nerve as the incisions on the deltoid are very common in arthroscopies, humeral fractures or repair of the rotator cuff [16,17,18,19,20]. Another surgical technique used in this area is the transfer of the spinal part of the deltoid to the long head of the brachial triceps muscle to improve the extension of the glenohumeral joint in subjects with radial nerve paralysis [21,22].



Different variations of the deltoid muscle have been described in the literature, such as its fusion with the pectoralis major or the presence of additional bands attached to the trapezium [23]. A bilateral separation of the posterior deltoid fibers with their fascia was described by Kayikçioglu et al. [24]. Kamburoğlu et al. [25] and Sawant et al. [26] described an accessory belly to the posterior deltoid. Fraser et al. [27] found an accessory belly of the deltoid attached to the teres minor muscle.



While the deltoid variations are rare, degenerative and/or traumatic shoulder pathologies are very common. Clinically fasciocutaneous, musculocutaneous, or muscular deltoid and posterior deltoid flaps are especially used in tetraplegia (by a transfer to triceps) [28], posterior shoulder instability [29] and radionecrotic defects situated over the glenohumeral joint [30]. In addition, patients with a symptomatic rotator cuff tear show compensatory movement patterns based on the abnormal activity of the biceps brachii and posterior deltoid muscles [31]. Considering the clinical relevance, gross anatomy of the deltoid muscle and anatomical variants should be considered to improve success of management strategies and treatments to avoid injury.



Therefore, the analysis and knowledge of these anomalies is essential for surgeons and anatomists.




2. Materials and Methods


A total of 21 specimens (12 women and 9 men) were used with a 10% formaldehyde solution. All human cadavers used in the study were derived from donors who gave their written consent, premortem, to the use of their bodies for educational and scientific purposes. The donation process as well as the procurement and use of corpses, human remains and cadaveric remains for scientific and teaching purposes at the Rey Juan Carlos University, adhered to the appropriate regulation. These regulations were approved by the Governing Council of the Rey Juan Carlos University on 28 April 2009. All specimens were dissected bilaterally. Specimens presenting deformations, injuries and/or scars on the shoulder or arm were excluded.



The classical dissection methodology was used: careful removal of the skin and subcutaneous tissue from the arm and shoulder region, preserving the fascia. The acromial end of the clavicle was accepted as a boundary between the anterior and middle bellies of the deltoid. The reference point is called the acromial angle of the scapula [23], which is distinguishable in all cases as a palpable lump to establish the boundary between the middle and posterior belly. At this stage, it was possible to identify the connections between the deltoid fascia and adjacent structures. The origin was then dissected to visualize the axillary nerve along the internal surface of the muscle. As the muscle was dissected, the fascial connections between the deltoid and the infraspinatus were observed. Then the neurovascular package was dissected in the quadrangular space.




3. Results


In all specimens, it was possible to identify the three portions of the deltoid: the clavicular (anterior), acromial (mean) and spinal (posterior) portion.



The muscle fibers of the anterior deltoid were identified in the lateral third of the clavicle and in the anterior part of the acromion. The fibers of the middle deltoid were identified in the lateral region of the acromion, and the posterior deltoids could be followed along the spine of the scapula.



The fibers of the three muscular bellies converged in all subjects and were inserted in the proximal region of the lateral side of the humerus (deltoid tuberosity). The anterior origin of the deltoid muscle was continued with the clavicular fibers of the major pectoral muscle. These fibers are closely related and are found separated exclusively by a small chiasmatic space (the deltopectoral groove) through which the cephalic vein is observed.



Only in one corpse, bilaterally, was found an additional belly of the deltoid muscle (Figure 1). It was observed that this additional muscular belly was related to the fascial tissue of the deltoid muscle, and its muscle fibers take origin from the middle third of the inferomedial bands of infraspinatus fascia [7] and attach to the posterior belly of the deltoid muscle (Figure 2 and Figure 3).



No abnormalities were found in terms of vascularization or innervation. The axillary nerve innervated the deltoid muscle and the additional belly. The axillar nerve is one of the terminal branches of the posterior cord of the brachial plexus and usually contains fibers from C5 and C6 ventral rami [32]. The axillary nerve passes through the quadrilateral space from the anterior to posterior direction and splits into two branches (the anterior and the posterior branches) within the quadrilateral space. The anterior branch travels around the surgical neck of the humerus and supplies the middle and anterior portions of the deltoid.



Moreover, the sub-branches from the anterior branch supply the posterior portion. The posterior branch runs posteriorly and supplies the posterior portion of the deltoid [11,12]. Its blood supply was through the posterior circumflex humeral artery, which travels with the axillary nerve through the quadrilateral space. The posterior circumflex humeral artery supplies the deltoid’s middle and posterior portions. The thoracoacromial artery also supplies the deltoid muscle. The venous branches accompany the arterial branches, except the cephalic vein, which runs in the deltopectoral groove [10].




4. Discussion


The deltoid is the only muscle of the pectoral girdle that originates in both the clavicle and the scapula (the rest originate only in the scapula). The deltoid is the largest and most superficial muscle in the shoulder region. In descriptive anatomy and clinical practice, it is accepted that the deltoid muscle is divided into three portions and is differentiated according to its origins [23,33,34]. However, this same division is not carried out based on its function.



Reinhold et al. [35] identified a different activation pattern of the three portions during shoulder movements. In 1734, Albinus was the first to describe different segments of the deltoid muscle. He was followed by Fick [2] and Kapanji [3], who described seven functional portions in the deltoid muscle, and considered these portions according to their location concerning the pure abduction shaft. Other authors suggested that the deltoid can be divided into segments based on the presence of intramuscular tendons [36,37,38] or based on the interpretation of functional studies (EMG or PET) in living subjects [4,6,39]. Sakoma et al. [6] assumed that the seven segments in which they divide the deltoid muscle reflect the functional units of the muscle, so we cannot consider these segments as muscle anomalies. The most common variations described are the fusion with the pectoralis major, or the presence of additional bands joined to the trapezium muscle [23]. Some studies indicate that the lateral pectoral nerve may be involved in the innervation of the deltoid muscle [40].



The specific variation found in our study has not been described previously. A bilateral separation of the posterior deltoid fibers enclosed in a separate fascial sheath was described by Kayikçioglu et al. [24]. Kamburoğlu et al. [25] and Sawant et al. [26] observed the posterior fibers of the deltoid muscle were enclosed in a distinct fascial sheet, and the deltoid muscle was seen to arise from the middle third of the vertebral border of the scapula. Both studies describe a similar case where additional muscle fibers of the posterior deltoid are enclosed in a different fascial sheath but originated in the medial scapular edge and not in the infraspinatus fascia as in our case.



Fraser et al. [27] found a posterior deltoid accessory belly attached to the teres minor muscle.



Until now, the only relationship that had been found between the deltoid muscle and the infraspinatus was through the communication of the fascial tissue [7]. However, in our case, we find direct communication between both muscles since a portion of the deltoid muscle originates directly from the fascia of the infraspinatus. It has been described that there are compartment syndromes associated with the supraspinatus and infraspinatus muscles [41,42,43], and although there are descriptions in the literature [44,45,46,47,48], compartment syndromes that include the deltoid are more rare, likely because the deltoid fascia is usually connected to the infraspinatus fascia [47], but the compartments do not communicate directly. In our finding, it is probable that a greater incidence of compartment syndrome is likely that includes the deltoid muscle as we find a direct relationship between the infraspinatus and the deltoid muscle.



The knowledge of the anatomical variations is indispensable in surgical interventions since the anatomical spaces or the reference points for the incisions can vary. Previous studies have shown how anatomical variations can complicate surgeries [49]. Neurovascular structures, such as the axillary nerve or posterior circumflex artery, are vulnerable to traumatic lesions. The correct understanding of the anatomy in situ is essential for a good diagnosis and treatment of the surgical pathology of the shoulder. Unexpected anatomical variations can delay surgical times. Scully et al. [50] found that prolonged surgical times may interfere with intervention by either treatment failure or iatrogenic injury.



Future work should focus on economical and non-invasive techniques for detecting anatomical anomalies before surgery, especially in complicated surgeries. In this line, ultrasound with 3D Doppler effectively detects anatomical variations of the shoulder [51]. Knowledge of these abnormalities is likely to improve surgical outcomes and reduce complications.




5. Conclusions


The existence of such variations of the deltoid muscle (the additional belly of the deltoid muscle) should be kept in mind by surgeons.



Abnormal conditions of the deltoid muscle are also considered in compartment syndrome involving the shoulder. Therefore, consideration of this variant is necessary for the correct diagnosis and treatment of trauma or other shoulder pathology, which can be t is refractory to standard treatments.
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Figure 1. Deltoid muscle. Posterior view. (A) Left arm. (B) Right arm. PD: posterior deltoid muscle. AB: additional belly. 
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Figure 2. Deltoid muscle. Posterior view of the right arm. PD: posterior deltoid muscle. AB: additional belly. (*) Origin and insertion (**) of AB. 
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Figure 3. The deltoid muscle and the additional belly have been reflected to reveal the infraspinatus muscle (IF). 
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