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Evolving diversity and inclusion

Diversity is all around us—in nature, culture, art, and in our very being as humans. Society has oftentimes failed to depict the diversity that colors our world, so it’s up to everyone as individuals to do their part and contribute towards a diverse and more inclusive culture. We’ve all seen that this is changing for the better in modern times, since we have come to understand how diversity and inclusion are able to enrich human learning and experience. 

Kenhub is a company that greatly values diversity, defined as a broad spectrum of human characteristics and experiences. We foster a culture of inclusion which is reflected in our community of teammates, partners, consumers and customers from all around the world. Our ongoing mission is to create a safe environment for everyone, focusing on cultivating equity, as well as celebrating individual uniqueness and identity. 

Representation matters. It is our vision to diversify our content so that everyone feels seen, included, comfortable and respected. We believe that, by representing our differences, we help future healthcare professionals develop and learn new ways of thinking, behaving and caring for their patients. A multicultural exchange of ideas and experiences bolsters new generations, leading to innovation and increased creativity. This is especially pertinent in an educational setting such as Kenhub.

We take pride in making a step towards our vision by diversifying our anatomical models and by shifting away from only featuring the standard white male model of the human body. As many as there are anatomical variations in vessels and nerves of the human body, there can be many different varieties of people, and we’re embracing those differences. We understand that we are not exact carbon copies of each other. Thankfully we are all sprinkled with our own unique traits and features and we believe that these individual features should be reflected and celebrated in anatomical education. 

In addition, we recognize that the lexicon of anatomy is littered with eponymous terms that primarily represent contributions of white, male scientists. The use of these terms further minimizes the contributions of non-white and non-male scientists and adds cognitive burden required to translate these names into structures. For this reason, we have chosen to use toponyms offered by the Terminologia Anatomica (2nd edition, 2019) as primary terms whenever possible. 

There are still big steps to be made, both on our platform and in society, but we’re moving in the right direction—one step at a time, actively working on changes that we believe will make our audience at Kenhub feel seen and heard.
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Preface

As of summer 2023, Kenhub.com has helped more than 4 million registered users worldwide to deepen their understanding of the structure and organization of the human body (and pass their exams too). Since launching Kenhub.com in 2012, we’ve had over 110 million visitors on our website, with this number growing everyday.

Further to this, universities such as Charité—Universitätsmedizin Berlin and the University of Colorado use our learning materials to teach their students, in parallel with textbooks and practical lab teaching.

Kenhub offers you and your university the most accurate and reliable digital anatomy educational tools. Based on regular feedback from our users, it became clear that physical anatomy atlases are still highly valued by students. 

That is why we have decided to print a top quality anatomy atlas based on years of experience, constant refinement and user feedback.

Our quality commitment

At Kenhub, we are passionate about providing the most accurate and reliable resources for healthcare professionals that are either learning or teaching anatomy and histology. We work hard to ensure that our content rises to the highest academic standards.

We use multiple academic resources as a reference point, with particular emphasis on those which are familiar to the majority of students and instructors alike. Thus for anatomy related content, our main references are two of the most widely respected anatomy textbooks:


•Gray’s Anatomy, The Anatomical Basis of Clinical Practice, 42nd Ed. (Editor in chief: Susan Standring)

•Clinically Oriented Anatomy (by Keith L. Moore, Arthur F. Dalley II, and Anne M. R. Agur)


In addition to accuracy, our articles and illustrations on Kenhub.com are continuously updated with the latest findings and discoveries in anatomy and histology. Towards this, our writing and review process involves the appraisal of peer-reviewed scientific literature related to each topic.

Understanding that not everybody enjoys reading dense academic content, we strive to make our articles as light and as easy to read as possible, without scrimping on the details.

Both our atlas of anatomy illustrations and textbook-style articles are available for free upon registration on Kenhub.com. For a faster and more engaging learning experience, we offer hundreds of videos and quizzes as part of our paid Premium product.

Reviewed by experts

In enlisting our content creation team, we follow the highest educational and scientific standards. The authors of our articles are medical students, junior doctors, or postgrads who are passionate about anatomy, histology and medical education. Our talented authors love teaching their younger fellows and have a great ability to simplify complex topics into easy-to-digest articles. The manuscripts are then reviewed by a group of experts in the medical education field. We collaborate with university professors, senior doctors and Ph.D. candidates from around the world who are experts in anatomy, histology and medical education.
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We are also proud to collaborate with some of the world’s top medical illustrators, including the Netter award winner Paul Kim, and others like Begoña Rodriguez, Esther Gollan, Hannah Ely, Irina Münstermann, Liene Znotiņa, Mao Miyamoto, Rebecca Betts, Samantha Zimmerman, and Yousun Koh. Referencing Netter’s Atlas of Human Anatomy and Sobotta Atlas of Human Anatomy (to name a few), our illustrators create original anatomical or histological illustrations. The original illustrations we create are then subject to a rigorous review process (sometimes it takes more than 6 months for an illustration to be published due to the multiple reviewing steps!).

Atlas content reviewer

For this atlas specifically, we are proud to work together with Dr. Mike Pascoe. Mike is an Associate Professor of Anatomy at the University of Colorado Anschutz Medical Campus. 

Dr. Pascoe studied the neurophysiology of movement at the University of Colorado Boulder and defended his doctoral dissertation in 2010. He then joined the faculty at Anschutz in 2011 where he develops and delivers gross anatomy curricula to physical therapy, physician assistant, and medical doctor students.

His primary research interest is the investigation of constructivist approaches in technology-enabled learning environments (e.g., wiki usage, interactive modules, Snapchat, etc) to improve learning outcomes and student satisfaction. Of secondary interest is the determination of “need-to-know” anatomy content for physical therapy students.

Dr. Pascoe’s service commitments include mentoring students, organizing anatomy laboratory refresher courses for practicing clinicians, community outreach, and service as a peer-reviewer for many anatomy education journals.

This atlas hasn’t been possible without the help of the Kenhub team. It consists of diverse, talented individuals which create Kenhub’s unique, interdisciplinary perspective on anatomy education. We are a fully remote company meaning that our team is spread out all around the world.

You can find more information about the team here:
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	Learn more about the Kenhub Team






Kenhub is grounded on academic literature and research, validated by experts, and trusted by more than 80 million readers worldwide.






How to use this atlas

Mike Pascoe PhD

Built for learners

This atlas represents a collection of clear, comprehensible and didactically valuable images from Kenhub.com, intuitively organized to aid you in your mastery of the organization of the human body. The features of this modern print atlas were formulated by direct input from students of anatomy and experienced educators. This print atlas was designed by the preferences of anatomy students to assist in the challenges of identifying structures in the anatomy laboratory and to assist in studying for written exams.
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The ease of navigation is the most important feature of an anatomy atlas! Therefore, this atlas has been organized by region (e.g., upper limb), with various body systems presented therein. A color coding system is used throughout the atlas, as this has been recognized as the most efficient way to find a structure quickly in a print atlas. This atlas provides a series of regional overview images that will assist you in identifying structures in and out of the laboratory based on adjacent key anatomical relations. This is how expert anatomists navigate the body, so don’t underestimate the power of having a good understanding of neighboring anatomical structures! Additionally, each overview image is accompanied by text captions in order to convey and describe presented structures in a clear and concise manner. 
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The small size of the atlas enables you to transport it and use it across many different settings beyond your home, such as the anatomy lab and in the lecture hall on campus.
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Digitally enhanced learning

This atlas can be used in traditional ways, as mentioned above, and in ways you may not have considered before. A big strength of the atlas is the ability to extend its content into the rich resources on the Kenhub website.

The reader can use their smartphone to access any structure on Kenhub through their atlas and view any additional related images, as well as related articles, videos and quizzes. The atlas can also be used as a reference (i.e., “second screen”) when reviewing lectures at home or on the go.

This is enabled by the Quick Response (QR) codes, which have been included in the atlas as a quick way to connect you to the extensive online resources on the Kenhub platform. To do this, open the camera app on your smartphone, ensuring the rear-facing camera is selected. Point your camera at the QR code and center the box over the code to scan it. Tap on the URL popup banner at the top of the screen, and you’ll be connected directly to the supplemental information on Kenhub.com.
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Here we see a learner scanning a QR code in the atlas in order to review further details found on Kenhub.com.
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Basics


Terminology

Directional terms and body planes

Regions of the body

Body surface anatomy

Cavities of the body




Terminology

Directional terms and body planes

Anatomists use specific terms to help clearly communicate the location of structures within the human body. These are directional terms, regional terms and body planes. To avoid confusion and miscommunication, a standard reference point for these terms is always used, this reference point is the anatomical position. The anatomical position is when the body is standing erect, with the face looking forwards, the feet parallel, the arms hanging at the sides, the palms facing forwards and the thumbs pointing away from the body.

Directional terms and body planes allow us to describe the relationship between anatomical structures. For example, the wrist is distal to the elbow, the ears are lateral to the eyes, the nose is located in the midsagittal plane.



[image: ]

Figure 1.1. Directional terms and body planes.






	Key points about directional terms and body planes




	Body planes

	Coronal, sagittal, median, transverse




	Directional terms

	Superior (cranial), inferior (caudal), anterior (ventral), posterior (dorsal), medial, lateral, proximal, distal, left, right, superficial, deep, central, peripheral, ulnar, radial, rostral, caudal, palmar, plantar
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	Directional terms and body planes
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	Basic anatomy and terminology






Regions of the body

The human body can be studied under the umbrella of two primary regions. These are the axial region, which encompasses the head, neck and trunk, and the appendicular region which describes the upper and lower limbs.

Each of these regions can in turn be broadly divided into a number of smaller sub-regions or parts.
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Figure 1.2. Regions of the body.






	Key points about the regions of the body




	Axial regions

	
Head

Neck

Trunk (thorax, abdomen, pelvis, back)





	Appendicular regions

	
Upper limb (shoulder, arm, elbow, forearm, wrist, hand)

Lower limb (hip, gluteal region, thigh, knee, leg, ankle, foot)
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	Basic anatomy and terminology
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	Body regions: Learn with quizzes and labeled diagrams






Body surface anatomy

Surface anatomy teaches about the main anatomical features visible on the surface of the human body. This knowledge helps to identify inner anatomical structures according to their visible features.

A good understanding of surface anatomy is key to interpreting normal and abnormal anatomy in clinical settings, such as medical imaging procedures and physical examination. Many aspects of surface anatomy between the sexes are similar but there are a few differences which mainly relate to sexual differentiation during development.
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Figure 1.3. Female body surface anatomy (anterior view).
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Figure 1.4. Female body surface anatomy (posterior view).






	Surface landmarks

	Anterior surface

	Posterior surface




	Head, neck and trunk

	Larynx, sternocleidomastoid muscle, supraclavicular fossa, clavicle, pectoralis major muscle, jugular notch of sternum, sternum, sternal angle, xiphoid process, breast, areola, nipple, costal margin, rectus abdominis muscle, linea alba, linea semilunaris, umbilicus, mons pubis, anterior superior iliac spine, inguinal ligament, scrotum, penis, glans penis, vulva

	External occipital protuberance, vertebra C7 trapezius muscle, spine of scapula, medial border of scapula, inferior angle of scapula, latissimus dorsi muscle, lumbar triangle (of Petit), iliac crest, posterior superior iliac spine, sacral triangle, sacroiliac joint, anal region




	Upper limb

	Acromion, deltoid muscle, biceps brachii muscle, cubital fossa, radial foveola (anatomical snuffbox), thenar eminence, hypothenar eminence

	Triceps brachii muscle, olecranon




	Lower limb

	Femoral triangle, quadriceps femoris muscle, patella, tibial tuberosity, tibialis anterior muscle, lateral malleolus, medial malleolus

	Gluteal region, intergluteal cleft, gluteal sulcus, iliotibial tract, hamstring muscles, popliteal fossa, triceps surae muscle, calcaneal (Achilles) tendon






Cavities of the body

The main body cavities are classified into two groups according to their location: Dorsal cavity and ventral cavity. The dorsal cavity consists of the cranial cavity, which houses the brain; and the vertebral canal, which houses the spinal cord. The ventral cavity is composed of the thoracic cavity and abdominopelvic cavity. The thoracic cavity contains several smaller spaces that house the trachea, lungs, esophagus and heart. The abdominopelvic cavity can be subdivided into the abdominal and the pelvic cavities, which contain the abdominal and pelvic organs, respectively.
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Figure 1.5. Cavities of the body (lateral view).
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Figure 1.6. Cavities of the body (anterior view).






	Key points about the body cavities




	Main cavities of the body

	
Dorsal cavity: cranial cavity, vertebral canal

Ventral cavity: thoracic cavity, abdominopelvic cavity





	Main contents of body cavities

	
Cranial cavity: brain

Vertebral canal: spinal cord

Thoracic cavity:

Mediastinum contents: heart, trachea, esophagus

Mediastinum divisions: superior, inferior (subdivisions: anterior, middle posterior)

Pleural cavity: lungs

Abdominopelvic cavity:

Abdominal cavity: gastrointestinal system

Pelvic cavity: reproductive organs, urinary bladder, sigmoid colon and rectum
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	Basic medical terminology 101: Learn with quizzes
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	Basic anatomy and terminology
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Overview

Regions of the upper limb

Every medical professional needs to know the descriptive terms used for the regions of the whole body in order to localize and diagnose different injuries and diseases, as well as communicate them to other physicians. The same goes for the upper limb, which is divided into several regions on its anterior and posterior aspects. Many of these regions contain various neurovascular structures, which makes them important surgical landmarks. 



[image: ]

Figure 2.1. Regions of the upper limb. The upper limb is divided into 4 main parts—shoulder, arm, forearm and hand. The shoulder contains two important regions: The deltoid region and the axillary (armpit) region. The arm and forearm contain two regions each that correspond to their anterior and posterior surfaces. Found between the arm and forearm are the anterior and posterior cubital regions. Below the forearm is the carpal region, which connects the forearm with the hand. Lastly, the hand consists of the palm anteriorly, and dorsum of hand posteriorly. The hand can be subdivided into the metacarpal region and the digits. The digits are numbered 1–5 from from the thumb to the little finger.






	Important terms about the regions of the upper limb




	Shoulder region

	Deltoid region (subregion, but in some sources used as synonym)




	Axillary region

	Axilla, axillary fossa




	Arm 

	Anterior/posterior brachial regions




	Elbow region

	
Cubital region

•Anterior cubital region (cubital fossa)

•Posterior cubital region (olecranon region)





	Forearm

	
Antebrachial region

•Anterior antebrachial region

•Posterior antebrachial region

•Medial border → ulnar border

•Lateral border → radial border





	Wrist region

	
Carpal region

•Anterior carpal region

•Posterior carpal region





	Hand

	
Radial foveola (anatomical snuffbox)

Digits: 

•Thumb: 1st digit

•Index finger: 2nd digit

•Middle finger: 3rd digit

•Ring finger: 4th digit

•Little finger: 5th digit
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	Regions of the upper limb








Shoulder and arm


Clavicle

[image: ]

Figure 2.2. Clavicle. The clavicle is an S-shaped long bone that connects the upper limb to the trunk resting horizontally between the sternum and the acromion of the scapula. It consists of three main parts: The shaft, sternal end, and acromial end. The sternal end hosts the sternal articular surface (facet) that articulates with the manubrium of sternum, forming the sternoclavicular joint. The acromial end features the acromial articular surface (facet), which forms the acromioclavicular joint together with the acromion of the scapula. The superior surface of the clavicle is generally smooth and lies just deep to the skin. In contrast, its inferior surface is rough due to several important bony landmarks (namely attachments). From lateral to medial, the following can be observed: Trapezoid line (attachment for the trapezoid ligament), the conoid tubercle (attachment for the conoid ligament), subclavian groove (attachment for the subclavius muscle), and impression for costoclavicular ligament (attachment for the ligament that binds the clavicle to the first rib).






	Key points about the clavicle




	Parts

	Sternal (medial) end, shaft, acromial (lateral) end




	Bony landmarks

	Trapezoid line, conoid tubercle, groove for subclavius muscle, impression for costoclavicular ligament




	Joints

	
Sternoclavicular joint – between sternal end of clavicle and manubrium of sternum

Acromioclavicular joint – between acromial end of clavicle and acromion of scapula





	Function

	
Attachment of upper limb to trunk as part of ‘shoulder girdle’

Protection of underlying neurovascular structures supplying upper limb

Force transmission from upper limb to axial skeleton
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	Clavicle







Humerus and scapula

The humerus is a long bone that comprises the bony framework of the arm, while the scapula is a flat bone of the pectoral girdle. The humerus and scapula articulate with each other to form the glenohumeral (shoulder) joint, which is the most mobile joint of the body. Both bones are held together via several ligaments and muscle tendons.


[image: ]

Figure 2.3. Humerus (anterior view). The proximal end of the humerus is composed of a large rounded head, an anatomical neck and a surgical neck. Located towards the lateral portion of the proximal humerus is a bony protrusion known as the greater tubercle. The greater tubercle has an anterior and posterior surface. The lesser tubercle is much smaller than its greater counterpart and is situated more medially. These prominences act as an important attachment site for the muscles of the shoulder. Both the greater and lesser tubercles extend distally into crests and demarcate a prominent groove called the intertubercular sulcus. This sulcus consists of a lateral and medial lip, which function as insertion sites for the latissimus dorsi and pectoralis major muscles. The intertubercular sulcus also acts as a conduit for the tendon of the long head of the biceps brachii muscle and is therefore also known as the bicipital groove.

The anterior shaft of the humerus is marked by the deltoid tuberosity, which provides an attachment point for the deltoid muscle. From this anterior perspective, two borders (anterior and medial) and two surfaces (anteromedial and anterolateral) of the humerus can be identified.

The distal end of the humeral shaft widens to form the medial and lateral supracondylar ridges, which end distally as the medial and epicondyles of the humerus. The medial and lateral condyles act as important attachment sites for muscles of the forearm.

The distal end of the humerus is marked by a series of fossae and processes. The condyle of the humerus is made up of the articulating trochlea and capitulum and non-articulating olecranon (see next image), coronoid, and radial fossae. The condyle of the humerus plays a key role in the formation of the elbow joint as it articulates with the radius and ulna.
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Figure 2.4. Humerus (posterior view). Due to its lateral positioning, the greater tubercle of the humerus can also be identified from this posterior view.

Posteriorly, the shaft of the humerus is marked by the oblique radial groove, which allows for the passage of the radial nerve and deep brachial artery. In addition, the lateral border and posterior surface of the humerus can be appreciated from the posterior view.

The distal end of the posterior humerus presents with a large fossa known as the olecranon fossa. In elbow extension, the tip of the ulnar olecranon process lodges into this fossa.

The medial epicondyle of the humerus contains a shallow ridge on its posterior surface, known as the groove for ulnar nerve. As its name suggests, the groove transmits the ulnar nerve.






	Key points about the humerus




	Proximal end

	
Head, anatomical neck, surgical neck, greater tubercle

Lesser tubercle

Intertubercular sulcus (crest of greater tubercle, crest of lesser tubercle)





	Body

	
Surfaces: anteromedial, anterolateral, posterior

Borders: anterior, lateral, posterior

Landmarks: lateral supracondylar ridge, medial supracondylar ridge, radial groove, supracondylar process





	Distal end

	
Lateral epicondyle

Medial epicondyle (groove for ulnar nerve)

Condyle of humerus: capitulum, trochlea, olecranon fossa, coronoid fossa, radial fossa
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Figure 2.5. Scapula (anterior view). The scapula is a triangular bone with three borders (superior, lateral and medial) and three angles (superior, inferior and lateral).

The anterior surface of the scapula leans against the 2nd–7th ribs on the posterolateral aspect of the thorax, and is therefore also known as the costal surface of the scapula. The majority of the concave anterior surface of the scapula is occupied by the large subscapular fossa, which provides an attachment point for the subscapularis muscle.

The superior border of the scapula is marked by a bony indentation known as the scapular notch. The scapular notch allows for the passage of the suprascapular nerve and therefore may also be referred to as the suprascapular notch. Protruding from the superior border of the scapula is the hook-like projection known as the coracoid process. This structure allows for the attachment of various muscles and ligaments.

The lateral surface of the scapula contains the neck of scapula, which extends to form the glenoid fossa. The shallow glenoid fossa articulates with the humeral head to form the highly dynamic but resultantly unstable glenohumeral joint. Superior and inferior to the glenoid fossa are the supra- and infraglenoid tubercles, respectively. These act as important attachment points for the long head of the biceps and triceps brachii muscles.






	Key points about the scapula




	Surfaces

	
Costal surface: subscapular fossa

Posterior surface: spine of scapula, deltoid tubercle, spinoglenoid notch, supraspinous fossa, infraspinous fossa, acromion





	Borders

	
Medial border

Lateral border

Superior border: scapular notch, coracoid process





	Angles

	
Superior angle

Inferior angle

Lateral angle: glenoid fossa, supraglenoid tubercle, infraglenoid tubercle, neck of scapula
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Figure 2.6. Scapula (posterior view). The posterior surface of the scapula is convex and marked by a protruding ridge of bone known as the spine of scapula. This ridge unevenly separates the posterior surface of the scapula into two divisions: The supraspinous fossa and the much bigger, infraspinous fossa. The supraspinatus muscle sits within the supraspinous fossa, while the infraspinous fossa is occupied by the infraspinatus and teres minor muscles of the rotator cuff complex.

The spine of the scapula begins at the root of the spine and extends and widens to form the acromion process of the scapula. The acromion articulates with the clavicle to form the acromioclavicular joint. The spine and acromion of the scapula serve as important attachment points for muscles of the back and shoulder and function as levers for these muscles, particularly the trapezius muscle.

Connecting the supraspinous and infraspinous fossa together is the spinoglenoid notch. The suprascapular artery and nerve travel through this notch to supply structures of the scapular region.






	[image: ]

	Humerus
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	Scapula






Glenohumeral (shoulder) joint

The glenohumeral joint, also known as the shoulder joint, is a ball-and-socket type of synovial joint, in which the head of the humerus (ball) articulates with the glenoid fossa of the scapula (socket). The surface of the humeral head is much larger than the surface of glenoid fossa, which allows for the greatest range of motion seen in any joint. This mobility comes at the cost of joint stability, with the shoulder joint being one of the most frequently dislocated joints of the body.
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Figure 2.7. Shoulder joint (anterior/posterior views). Three glenohumeral ligaments (superior, middle, inferior) form as a thickening of the articular capsule and connect the humeral head to the glenoid fossa of the scapula. The coracohumeral ligament connects the coracoid process of the scapula with the greater tubercle of the humerus and reinforces the superior portion of the glenohumeral articular capsule. The transverse humeral ligament extends between the lesser and greater tubercles and stabilizes the tendon of the long head of the biceps brachii muscle. Lastly, the joint is also stabilized by four muscles (supraspinatus, infraspinatus, teres minor and subscapularis muscles [faded]) collectively known as the rotator cuff which form a musculotendinous sleeve around the joint.
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Figure 2.8. Shoulder joint (lateral view).






	Key points about shoulder joint




	Joint type

	Synovial ball-and-socket joint




	Articular surfaces

	Glenoid fossa of scapula, head of humerus




	Ligaments

	Superior glenohumeral, middle glenohumeral, inferior glenohumeral, coracohumeral, transverse humeral




	Important muscles

	Rotator cuff muscles: supraspinatus, infraspinatus, teres minor, subscapularis




	Functions

	Flexion, extension, abduction, adduction, external rotation, internal rotation and circumduction
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	Glenohumeral joint






Muscles of the arm and shoulder

The muscles of the arm and shoulder act on the shoulder and elbow joints, ensuring the mobility of the upper limb relative to the trunk. They are divided into the following groups:


•The muscles of the shoulder, specifically the scapulohumeral muscles, consist of the deltoid, teres major, and muscles of the rotator cuff (supraspinatus, infraspinatus, teres minor, and subscapularis). All these muscles support movement and stabilization of the shoulder joint. 

•The muscles of the arm are divided into anterior and posterior compartments. Depending on their bony attachments and line of pull, the muscles will serve either as flexors (anterior group) or extensors (posterior group) of the arm and/or forearm.
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Figure 2.9. Muscles of the arm and shoulder.
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	Shoulder muscles
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	Arm muscles
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	Learn the muscles of the arm with quizzes, diagrams and worksheets








	Arm muscles

	Origin

	Insertion

	Innervation

	Function




	Deltoid

	
Clavicular part: lateral third of clavicle

Acromial part: acromion of scapula

Spinal part: spine of scapula


	Deltoid tuberosity of humerus

	Axillary nerve (C5-C6)

	Shoulder joint: arm flexion, arm internal rotation (clavicular part), arm abduction (acromial part), arm extension, arm lateral rotation (spinal part)




	Teres major

	Inferior angle and lower part of lateral border of scapula

	Crest of lesser tubercle of humerus (a.k.a. Medial lip of intertubercular sulcus)

	Lower subscapular or thoracodorsal nerves (C5-C7)

	Shoulder joint: arm internal rotation, arm extension, arm adduction




	Coracobrachialis

	Coracoid process of scapula

	Anteromedial surface of humeral shaft

	Musculocutaneous nerve (C5-C6)

	Shoulder joint: arm flexion, arm adduction




	Biceps brachii

	
Long head: supraglenoid tubercle of scapula

Short head: coracoid process of scapula


	Radial tuberosity of radius

	
Elbow joint: forearm flexion and supination;

Shoulder joint: weak arm flexion





	Brachialis

	Distal half of anterior surface of humerus

	Ulnar tuberosity, Coronoid process of ulna

	Musculocutaneous nerve, Radial nerve (C5–C7)

	Elbow joint: forearm flexion (in all positions)




	Triceps brachii

	
Long head: infraglenoid tubercle of scapula

Lateral head: posterior surface of humerus (superior to radial groove)

Medial head: posterior surface of humerus (inferior to radial groove)


	Olecranon of ulna and fascia of forearm

	Radial nerve (C6–C8)

	
Shoulder joint: arm extension and adduction (long head);

Elbow joint: forearm extension





	Anconeus

	Lateral epicondyle of humerus

	Lateral surface of olecranon

	Radial nerve (C7, C8)

	Elbow joint: assists in forearm extension; stabilization of elbow joint








	Rotator cuff muscles

	Origin

	Insertion

	Innervation

	Function




	Subscapularis

	Subscapular fossa of scapula

	Lesser tubercle of humerus

	Upper and lower subscapular nerves (C5–C6)

	Shoulder joint: arm internal rotation; stabilizes humeral head in glenoid cavity




	Teres minor

	Lateral border of scapula

	Greater tubercle of humerus

	Axillary nerve (C5, C6)

	Shoulder joint: arm external rotation, arm adduction; stabilizes humeral head in glenoid cavity




	Supraspinatus

	Supraspinous fossa of scapula

	Suprascapular nerve (C5, C6)

	Shoulder joint: arm abduction; stabilizes humeral head in glenoid cavity




	Infraspinatus

	Infraspinous fossa of scapula

	Shoulder joint: arm external rotation; stabilizes humeral head in glenoid cavity








ELBOW AND FOREARM

Radius and ulna

The radius and ulna are the two bones of the forearm. They articulate proximally with the humerus at the elbow, and distally with the carpal bones at the wrist. In the anatomical position, the radius is positioned on the lateral aspect of the forearm, while the ulna is found medially.

The radius and ulna articulate with each other at the proximal and distal radioulnar joints, while their bodies are connected by an interosseous membrane. These two joints allow the radius to move around the ulna, allowing for a palm facing up (supinated) or palm facing down (pronated) positioning of the forearm.
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Figure 2.10. Radius and ulna (anterior view). The radius is the shorter of the two bones of the forearm and consists of a proximal extremity, shaft and a distal extremity. The proximal end of radius consists of a head and neck. The discoid head of the radius articulates superiorly with the capitulum of the humerus, contributing to the formation of the elbow joint. At the same time, the head of the radius also articulates with the ulna forming the proximal radioulnar joint. In this joint, the circumference of the head of the radius is situated on the radial notch of ulna. The neck of radius is a narrowing of the radius that lies just distal to the head. Distal to the medial aspect of the neck is an oval bony protrusion known as the radial tuberosity, onto which the biceps brachii inserts. The shaft of the radius acts as an important attachment point for muscles of the forearm, some of which include the supinator and pronator teres muscles. From this anterior view, the anterior border of the shaft of the radius can be appreciated.

The distal extremity of the radius widens to form three smooth, concave surfaces. The medial aspect of the distal radius forms a concavity known as the ulnar notch, which articulates with the distal ulna. The lateral aspect of the distal radius forms a ridge and terminates distally as the radial styloid process.

The ulna is similarly composed of a proximal end, shaft and distal end. The proximal end of the ulna is particularly wide to accommodate the trochlea of humerus. Projecting anteriorly from the proximal portion of the ulna is the coronoid process. The coronoid process aids in stabilizing the elbow joint and preventing hyperflexion of the forearm. Inferior to the coronoid process is the tuberosity of ulna, which functions as an attachment point for the brachialis muscle. The distal end of the ulna tapers to form the disc-like head of the ulna. The head of the ulna does not articulate with the carpal bones and is therefore not a component of the wrist joint. Projecting from the head of the ulna is a small bony protrusion known as the styloid process of ulna.
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Figure 2.11. Radius and ulna (posterior view). Posteriorly, the posterior and interosseous borders of radius can be identified. The interosseous border of the radius forms the radial attachment point for the interosseous membrane of the forearm, that spans the space between the radius and ulna. The dorsal tubercle protrudes on the posterior aspect of the head of the radius and is seated between the grooves for the tendons of the extensor carpi radialis longus and brevis, as well as the tendon of the extensor pollicis longus. The styloid process of radius can also be identified from this posterior view.

From a posterior aspect, the ulna is rounded and smooth and can be palpated subcutaneously along the entire length of the medial antebrachial region. The proximal end of the posterior ulna presents a hook-shaped process known as the olecranon. This bony protrusion serves as a short lever for extension of the elbow. The posterior and interosseous borders of ulna can also be appreciated from this view.






	Key points about the radius




	Proximal end

	
Head: articular facet of head of radius (for capitulum of humerus), articular circumference of head of radius (for radial notch of ulna)

Neck





	Body

	
Surfaces: anterior, lateral, superior

Borders: anterior, interosseous, posterior

Landmarks: radial tuberosity, pronator tuberosity, suprastyloid crest





	Distal end

	Radial styloid process, dorsal radial tubercle, ulnar notch, carpal articular surface







	Key points about the ulna




	Proximal end

	Olecranon, coronoid process (tuberosity of ulna, radial notch), trochlear notch, sublime tubercle




	Body

	
Surfaces: anterior, posterior, medial

Borders: anterior, interosseous, posterior

Landmarks: supinator crest





	Distal end

	Head of ulna (articular circumference for ulnar notch of radius, ulnar styloid process)







	Ligaments between the radius and ulna




	Ligaments

	
Interosseous membrane of forearm

Oblique cord

Anular ligament of radius

Radial collateral ligament of elbow joint

Ulnar collateral ligament of elbow joint

Dorsal radioulnar ligament

Palmar radioulnar ligament
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	Radius and ulna







Elbow joint
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Figure 2.12. Elbow joint (medial/lateral views). The elbow joint is made up of three joints including the humeroulnar, humeroradial and proximal radioulnar joints. The humeroulnar joint is between the trochlea on the medial aspect of the distal end of the humerus and the trochlear notch on the proximal ulna. The humeroradial joint is formed between the capitulum on the lateral aspect of the distal end of the humerus with the head of the radius. The proximal ends of the radius and ulna articulate with each other at the proximal radioulnar joint. There are three main ligaments that support the elbow joint: The ulnar collateral ligament, radial collateral ligament and anular ligament. The ulnar and radial collateral ligaments are each made up of three component parts:

•Ulnar collateral ligament: Anterior bundle, posterior bundle, and transverse bundle (Cooper’s ligament).

•Radial collateral ligament: Annular ligament, radial collateral ligament (proper), and lateral ulnar collateral ligament.
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Figure 2.13. Elbow joint (sagittal section through trochlea). The elbow joint is enveloped in an articular capsule composed of an outer fibrous layer and lined internally by a synovial membrane. During movement (flexion and extension), the fat pads are pulled away by the tendinous attachments of the brachialis and triceps brachii muscles to allow space for bony processes. Extension of the elbow is facilitated by the olecranon bursa which serves as a lubricating component between the olecranon of the ulna and the overlying skin.




   

	Key points about the elbow joint




	Bones

	Humerus, radius, ulna




	Joints

	Humeroulnar joint, humeroradial joint, proximal radioulnar joint




	Ligaments

	Ulnar collateral ligament, radial collateral ligament, anular ligament




	Movements

	Flexion, extension, supination, pronation
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	Elbow joint







Forearm muscles: anterior compartment

The forearm is divided into anterior and posterior compartments. The muscles of the anterior compartment, also known as the flexor-pronator muscles, are divided into two groups:


•Superficial group: Pronator teres, flexor carpi radialis, flexor carpi ulnaris, palmaris longus and flexor digitorum superficialis muscles.

•Deep group: Flexor digitorum profundus, flexor pollicis longus and pronator quadratus muscles.


These muscles act on different joints of the upper limb, enabling movements of the forearm, hand and fingers. Most of the anterior muscles are innervated by the branches of the median nerve. The exceptions are the flexor carpi ulnaris, which is supplied by the ulnar nerve, and the flexor digitorum profundus, which is innervated by branches of both the median and the ulnar nerves.

Although the brachioradialis muscle is present in the following image, it does not belong to the anterior forearm muscles. Functionally it is a flexor of the elbow joint, however, based on its location, it belongs to the superficial group of posterior compartment muscles.
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Figure 2.14. 






	Muscles of the anterior compartment of the forearm

	Origin

	Insertion

	Innervation

	Function




	Superficial group

	Pronator teres

	
Humeral head: medial supracondylar ridge of humerus

Ulnar head: coronoid process of ulna


	Lateral surface of radius (distal to supinator)

	Median nerve (C6, C7)

	Elbow joint: forearm flexion; Proximal radioulnar joint: forearm pronation




	Flexor carpi radialis

	Medial epicondyle of humerus

	Bases of metacarpal bones 2-3

	Wrist joint: wrist flexion, wrist abduction




	Flexor carpi ulnaris

	Medial epicondyle of humerus, Olecranon and posterior border of ulna

	Pisiform bone, Hamate bone, Base of metacarpal bone 5

	Ulnar nerve (C7-T1)

	Wrist joint: wrist flexion, wrist adduction




	Palmaris longus

	Medial epicondyle of humerus

	Flexor retinaculum, Palmar aponeurosis

	Median nerve (C7, C8)

	Wrist joint: wrist flexion; tenses palmar aponeurosis




	Flexor digitorum superficialis

	
Humeroulnar head: medial epicondyle of humerus, Coronoid process of ulna

Radial head: proximal half of anterior border of radius


	Sides of middle phalanges of digits 2-5

	Median nerve (C8, T1)

	Metacarpophalangeal and proximal interphalangeal joints 2-5: finger flexion




	Deep group

	Flexor digitorum profundus

	Proximal half of anterior surface of ulna, Interosseous membrane

	Palmar surfaces of distal phalanges of digits 2-5

	Digits 2-3: median nerve (anterior interosseous nerve); Digits 4-5: ulnar nerve (C8, T1)

	Metacarpophalangeal and interphalangeal joints 2-5: finger flexion




	Flexor pollicis longus

	Anterior surface of radius and interosseous membrane

	Palmar surface of distal phalanx of thumb

	Median nerve (anterior interosseous nerve) (C7, C8)

	Metacarpophalangeal and interphalangeal joint 1: thumb flexion




	Pronator quadratus

	Distal anterior surface of ulna

	Distal anterior surface of radius

	Radioulnar joints: forearm pronation
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	Superficial anterior forearm muscles
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	Deep anterior forearm muscles






Forearm muscles: posterior compartment

The muscles of the posterior compartment, also known as the extensor-supinator muscles, are divided into two groups:


•Superficial group: Brachioradialis, extensor carpi radialis longus, extensor carpi radialis brevis, extensor digitorum, extensor digiti minimi and extensor carpi ulnaris muscles.

•Deep group: Supinator, abductor pollicis longus, extensor pollicis brevis, extensor pollicis longus and extensor indicis muscles.

Most of the muscles in the superficial layer have a common origin on the lateral epicondyle of the humerus, while the muscles of the deep layer typically originate from the distal part of the ulna. All are innervated by branches of the radial nerve.
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Figure 2.15. 
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	Superficial posterior forearm muscles
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	Deep posterior forearm muscles






[image: ]






WRIST AND HAND

Bones of the wrist and hand

The wrist and hand are the most distal parts of the upper limb. They consist of several groups of bones connected via numerous articulations that facilitate fine movements of the hand, such as writing or drawing. From proximal to distal, these bones are divided into three groups:


•Carpal bones: Eight short bones arranged into proximal and distal rows (4 each). Metacarpal bones: Five long bones, each form the root of the corresponding digit. Phalanges: Fourteen long bones subdivided into three sets: Proximal, middle and distal. (Note that the thumb is devoid of a middle phalanx)
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Figure 2.16. 






	Key points about the bones of the wrist and hand




	Carpal bones

	
8 short bones that comprise the root of the hand

Proximal row: scaphoid, lunate, triquetrum, pisiform

Distal row: trapezium, trapezoid, capitate, hamate

Joints: radiocarpal, intercarpal, midcarpal, carpometacarpal





	Metacarpal bones

	
5 long bones of the hand

Parts: metacarpal base, body, head

Joints: carpometacarpal, intermetacarpal, metacarpophalangeal





	Phalanges

	
14 long bones of the fingers (5 proximal, 4 middle, 5 distal)

Parts: base, body, head

Joints: metacarpophalangeal, interphalangeal
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	Carpal bones
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	Metacarpal bones







	[image: ]

	Phalanges of the hand






Ligaments of the wrist and hand

The ligaments participate in the stabilization of joints, but can also limit certain movements based on their position around the joint. The wrist and hand feature several joints. Proximal to distal, the first one is the radiocarpal (wrist) joint which connects the forearm and the hand. The rest of the joints are in the hand, connecting groups of bones to each other (e.g. carpal and metacarpal), as well as individual bones amongst themselves (e.g. scaphoid and lunate). Namely, these joints are: Intercarpal, carpometacarpal, intermetacarpal, metacarpophalangeal and interphalangeal joints.

The proper function of the ligaments is crucial for the normal mobility and function of the wrist and hand.
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Figure 2.17. Ligaments of the wrist and hand (palmar view). The radiocarpal joint (wrist joint) is stabilized by a number of ligaments, namely the palmar and dorsal radiocarpal ligaments, the palmar ulnocarpal ligament and the radial and ulnar collateral ligaments. These ligaments extend from the distal portion of either the radius or ulna, respectively, to insert onto the carpal bones of the hand.

The intercarpal joints formed between the carpal bones are stabilized by numerous sets of ligaments. The palmar intercarpal ligaments stretch between adjacent carpal bones and are made up of the radiate carpal ligament, the palmar scaphotriquetral and pisohamate ligaments as well as a few others which are not visible from this view. The radiate carpal ligament is formed by a set of five ligaments: The scaphocapitate (not seen), triquetrocapitate, palmar capitohamate, palmar trapezoideocapitate and trapezocapitate ligaments.
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Figure 2.18. Ligaments of the metacarpals and phalanges (palmar view). The distal row of the palmar surface of carpal bones and metacarpal bones are bridged by the palmar carpometacarpal ligaments. The palmar carpometacarpal ligaments are comprised of a series of ligamentous bands. There are 2 bands associated with the 2nd metacarpal, one of which is connected to the trapezoid and one to the trapezium bone. The 4th metacarpal is connected to the capitate and the hamate, while the 5th metacarpal only has one band anchoring it to the hamate bone. In contrast, the 3rd metacarpal has three associated ligaments which anchor it to the trapezoid, capitate and hamate bones on the palmar surface of the hand.

The four palmar metacarpal ligaments attach to the palmar surfaces of the bases of adjacent metacarpal bones, connecting the 5 metacarpal bones to each other.

Located on the palmar aspect of the metacarpophalangeal (MCP) joints are the palmar metacarpophalangeal ligaments, which are dense fibrocartilaginous thickenings of the metacarpophalangeal joint capsule.

The anular ligaments of the phalanges form small hoops on the palmar surface of the digits, through which the tendons of flexor digitorum muscle pass. There are 2-3 annular ligaments associated with the phalanges of the thumb and 5 annular ligaments in each of the four fingers.

The cruciform ligaments consist of two obliquely crossed bands and there are 3 sets associated with each digit. The annular and cruciform ligaments of the phalanges work together to prevent bowstringing of the flexor tendons.
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Figure 2.19. Ligaments of the wrist and hand (dorsal view). The interosseous intercarpal ligaments are visible. These ligaments lie within the joint capsule and provide stability to the intercarpal joints. The interosseous intercarpal ligaments include the scapholunate, lunotriquetral, trapeziotrapezoidal, trapezoideocapitate and the capitohamate interosseous ligaments.

Located between the dorsal and palmar metacarpal ligaments are the interosseous metacarpal ligaments. These ligaments stretch between adjacent metacarpal bones aiding in stabilizing movement.

The dorsal carpometacarpal ligaments of metacarpals 2-4 are composed of two ligaments each of which attach to the base of the metacarpals. Similar to its palmar counterpart, the 5th metacarpal has only one dorsal carpometacarpal ligament.
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Figure 2.20. Ligaments of the metacarpals and phalanges (lateral view). Contributing to the stabilization of the metacarpophalangeal (MCP) and interphalangeal (IP) joints are the proper and accessory collateral ligaments of the MCP and IP joints. These ligaments are located on the radial and ulnar aspects of each joint and help to prevent excessive adduction-abduction movements of associated joints.






	Key points about the ligaments and supporting structures of the wrist and hand




	Distal radioulnar joint

	
Palmar radioulnar ligament

Dorsal radioulnar ligament





	Radiocarpal (wrist) joint

	
Palmar radiocarpal ligament (radioscaphocapitate ligament, short and long radiolunate ligaments, radioscapholunate ligament)

Palmar ulnocarpal ligament (ulnocapitate, ulnolunate, ulnotriquetral, ulnopisiform ligaments)

Dorsal radiocarpal ligament

Triangular fibrocartilage complex (palmar ulnocarpal ligaments, palmar radioulnar ligament, articular disc, ulnomeniscal homologue, tendon sheath of extensor carpi ulnaris muscle)

Collateral ligaments of wrist (radial/ulnar collateral ligaments of wrist joint)





	Intercarpal joints

	
Fascial bands:

Flexor retinaculum of wrist

Extensor retinaculum of wrist

Palmar ligaments:

Palmar intercarpal ligaments: radiate carpal ligament (scaphocapitate, triquetrocapitate, palmar capitohamate, palmar trapezoideocapitate, trapezocapitate ligaments), palmar scaphotriquetral, palmar lunotriquetral, palmar triquetrohamate, pisotriquetral and pisohamate ligaments

Dorsal ligaments:

Dorsal intercarpal ligaments

Interosseous ligaments:

Intercarpal interosseous ligaments: scapholunate interosseous ligament, lunotriquetral interosseous ligament, trapeziotrapezoidal interosseous ligament, trapezoideocapitate interosseous ligament, capitohamate interosseous ligament





	Carpometacarpal joints

	
Dorsal carpometacarpal ligaments

Palmar carpometacarpal ligaments





	Intermetacarpal joints

	
Palmar metacarpal ligaments

Dorsal metacarpal ligaments

Interosseous metacarpal ligaments





	Metacarpophalangeal joints

	
Proper collateral metacarpophalangeal ligaments

Accessory collateral metacarpophalangeal ligaments

Phalangoglenoid ligaments

Palmar metacarpophalangeal ligaments

Deep transverse ligament





	Interphalangeal joints

	
Palmar interphalangeal ligaments

Proper collateral interphalangeal ligaments

Accessory collateral interphalangeal ligaments

Annular ligaments

Cruciform ligaments
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	Joints and ligaments of the upper limb
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	MRI of the wrist normal anatomy






Muscles of the hand

The muscles of the hand are organized into five compartments: The thenar, adductor, hypothenar, central, and interosseous compartments.
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Figure 2.21. Muscular compartments of the hand. The thenar compartment contains the short muscles of the thumb and includes the abductor pollicis brevis, flexor pollicis brevis, and opponens pollicis muscles. The adductor compartment contains the adductor pollicis muscle. The hypothenar muscles move the little finger and include the abductor digiti minimi, flexor digiti minimi and opponens digiti minimi muscles. The palmaris brevis is sometimes considered with the hypothenar muscles, however is functionally not related to movement of the little finger. The central compartment contains the lumbrical muscles (4), which are found between the metacarpals and attach proximally to the tendons of flexor digitorum profundus muscle. The interosseous compartments contain either the dorsal interossei (4), which are small muscles found between the metacarpal bones on the dorsal surface of the hand, or the palmar interossei (3), which represent their palmar counterparts.
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Figure 2.22. Muscles of the hand. The majority of the muscles of the hand lie superficially in the palm and are depicted on the upper image. The lower image shows four muscles that lie deep within the hand: The opponens pollicis (of the thenar compartment), palmar and dorsal interossei (of the interosseous compartment) and opponens digiti minimi (of the hypothenar group). The attachments, innervation and functions of each muscle are in the tables following.






	Thenar muscles

	Origin

	Insertion

	Innervation

	Function




	Opponens pollicis

	Tubercle of trapezium bone, Flexor retinaculum

	Radial border of metacarpal bone 1

	Recurrent branch of median nerve (C8, T1)

	Carpometacarpal joint 1: thumb opposition




	Abductor pollicis brevis

	Tubercles of scaphoid and trapezium bones, Flexor retinaculum

	Lateral aspect of base of proximal phalanx 1 (via radial sesamoid bone)

	Carpometacarpal joint 1: thumb abduction




	Flexor pollicis brevis

	
Superficial head: flexor retinaculum, Tubercle of trapezium bone

Deep head: trapezoid and capitate bones


	
Superficial head: recurrent branch of median nerve

Deep head: deep branch of ulnar nerve (C8, T1)


	Carpometacarpal and metacarpophalangeal joint 1: thumb flexion








	Hypothenar muscles

	Origin

	Insertion

	Innervation

	Function




	Abductor digiti minimi

	Pisiform bone (Pisohamate ligament, Tendon of flexor carpi ulnaris)

	Ulnar side of base of proximal phalanx of digit 5, Extensor expansion of digit 5

	Deep branch of ulnar nerve (C8, T1)

	Metacarpophalangeal joint 5: finger abduction and flexion; Interphalangeal joints: finger extension




	Flexor digiti minimi

	Hook of hamate, Flexor retinaculum

	Base of proximal phalanx of digit 5

	Metacarpophalangeal joint 5: finger flexion (+ Finger lateral rotation/opposition)




	Opponens digiti minimi

	Ulnar aspect of metacarpal bone 5

	Carpometacarpal joint 5: finger flexion, finger lateral rotation/opposition




	(Palmaris brevis)

	Palmar aponeurosis, Flexor retinaculum

	Dermis of skin of hypothenar region

	Superficial branch of ulnar nerve (C8, T1)

	Tightens palmar aponeurosis, Tightens grip








	Central, interosseous and adductor muscles

	Origin

	Insertion

	Innervation

	Function




	Lumbricals (4)

	
1 & 2: radial aspects of tendons 1 & 2 of flexor digitorum profundus;

3 & 4: opposing aspects of tendons 2–4 of flexor digitorum profundus


	Radial aspect of extensor expansion of digits 2-5

	
1 & 2: median nerve (C8, T1)

3 & 4: deep branch of ulnar nerve (C8-T1)


	Metacarpophalangeal joints 2-5: finger flexion; Interphalangeal joints 2-5: finger extension




	Dorsal interossei (4)

	Adjacent sides of metacarpal bones 1-5

	
1 & 2: radial bases of proximal phalanges/extensor expansions of digits 2 & 3

3 & 4: ulnar bases of proximal phalanges/extensor expansions of digits 3 and 4


	Deep branch of ulnar nerve (C8-T1)

	Metacarpophalangeal joints 2-4: finger abduction, finger flexion; Interphalangeal joints 2-4: finger extension




	Palmar interossei (3)

	Ulnar side of metacarpal bone 2, Radial side of metacarpal bones 4 and 5

	
1: ulnar base of proximal phalanx/extensor expansion of digit 2

2 & 3: radial base of proximal phalanges/extensor expansions of digits 4 and 5


	Metacarpophalangeal joints 2, 4 & 5: finger adduction, finger flexion; Interphalangeal joints 2, 4 & 5: finger extension




	Adductor pollicis

	
Transverse head: palmar base of metacarpal bone 3

Oblique head: capitate bone, Palmar bases of metacarpal bones 2 & 3


	Medial base of proximal phalanx 1 (via ulnar sesamoid bone)

	Deep branch of ulnar nerve (C8, T1)

	Carpometacarpal joint 1: thumb adduction
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	Thenar muscles
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	Hypothenar muscles








NERVES AND VESSELS

Brachial plexus

The brachial plexus is a network of nerves originating in the neck region, passing between the anterior and middle scalene muscles. It passes through the axilla where many peripheral nerves arise that course through the upper limb to innervate the muscles, joints and skin. It can be divided into two main parts: Supraclavicular and infraclavicular. The supraclavicular part (roots and trunks with their branches) of the brachial plexus is located in the posterior triangle of the neck, while its infraclavicular part (cords and their branches) is in the axilla. The brachial plexus gives off lateral branches (anterior and posterior) and five major terminal branches.
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Figure 2.23. Brachial plexus: Overview. The brachial plexus is formed by five anterior rami that originate from the spinal nerves C5-T1 (roots of the brachial plexus). These roots merge to form three trunks: Superior (C5-6), middle (C7) and inferior (C8-T1). Each trunk then divides into an anterior and posterior division, therefore forming six divisions altogether. The six divisions then reform, resulting in three cords: Posterior, lateral and medial.
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	Brachial plexus
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	Clinical case: Brachial plexus injury
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Figure 2.24. Brachial plexus: Branches. With respect to their position relative to the clavicle, the branches of the brachial plexus can be divided into supraclavicular and infraclavicular groups. The supraclavicular branches include the dorsal scapular nerve, suprascapular nerve, long thoracic nerve and subclavian nerve. The infrascapular branches can be further divided into preterminal and terminal branches. The preterminal infraclavicular branches emerge from the lateral, medial and posterior cords of the brachial plexus. The lateral cord gives rise to the lateral pectoral nerve while the medial cord gives rise to the medial pectoral nerve and medial brachial/antebrachial cutaneous nerves forearm. The posterior cord of the brachial plexus gives off the upper subscapular nerve, thoracodorsal nerve and lower subscapular nerve. Finally, the five main terminal branches include the musculocutaneous, axillary, radial, median and ulnar nerves.






	Key points about the brachial plexus




	Roots

	C5, C6, C7, C8, T1




	Structural organization

	
Trunks: superior, middle, inferior

Divisions: three anterior and three posterior

Cords: posterior, lateral and medial





	Supraclavicular preterminal branches

	Dorsal scapular nerve, suprascapular nerve, long thoracic nerve and subclavian nerve




	Infraclavicular preterminal branches

	Lateral pectoral nerve, medial pectoral nerve, medial cutaneous nerve of arm, medial cutaneous nerve of forearm, upper subscapular nerve, thoracodorsal nerve, lower subscapular nerve.




	Terminal branches

	Musculocutaneous nerve, axillary nerve, median nerve, radial nerve, ulnar nerve




	Function

	Complete sensory and motor innervation of the upper limb







Neurovasculature of the arm and shoulder
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Figure 2.25. Arteries of the arm and shoulder (anterior view). The subclavian artery conveys oxygenated blood to the upper limb, axilla and lateral aspect of the thorax. It exits the thorax at the lateral border of the first rib where it becomes the axillary artery which can be divided into three parts relative to the pectoralis minor muscle. The first part is proximal to the pectoralis minor and has one branch: The superior thoracic artery, which supplies the pectoralis minor and major muscles. The second part lies posterior to the pectoralis minor and has two main branches: The thoracoacromial artery, which further divides into four terminal branches (acromial, clavicular, deltoid and pectoral) and the lateral thoracic artery supplying the pectoralis and serratus anterior muscles. The third part has three branches: The subscapular artery, the anterior circumflex humeral artery and posterior circumflex humeral artery. The axillary artery terminates at the inferior border of the teres major muscle where it becomes the brachial artery. Branches of the brachial artery in the arm include the deep brachial artery, the nutrient artery of humerus as well as the superior and inferior ulnar collateral arteries.
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	Axillary artery
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	Neurovasculature of the upper limb
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Figure 2.26. Arteries of the arm and shoulder (posterior view). Oxygenated blood is supplied to the proximal upper limb (pectoral girdle region) by arterial branches originating from the subclavian artery. The thyrocervical trunk, a short and wide vessel arising from the first segment of the subclavian artery, vascularizes the deep cervical and shoulder muscles as well as the skin of the neck and shoulders. A branch of the thyrocervical trunk, the suprascapular artery, courses inferolaterally towards the superior border of the scapula to supply muscles in the shoulder and scapular region, including skin of the upper thoracic cage and shoulder. The dorsal scapular artery, an independent branch of the subclavian artery, supplies two superficial muscles of the back, the levator scapulae and rhomboid muscles. It anastomoses with the suprascapular artery in the posterior scapular region. Together with the subscapular artery and its branch, the circumflex scapular artery, they form the scapular anastomosis. The thoracodorsal artery, a branch of the subscapular artery, descends with the thoracodorsal nerve to supply muscles of the back and skin in the axillary region. The largest branch of the brachial artery is the deep brachial artery which supplies the posterior arm muscles. It divides into two branches, the middle collateral and the radial collateral arteries which contribute to the arterial anastomosis of the elbow. Specifically, the radial collateral artery supplies the radial nerve, the brachioradialis and brachialis muscles.






	Key points about the arteries of the arm and shoulder




	Axillary artery

	
Superior thoracic artery

Thoracoacromial artery

Lateral thoracic artery

Subscapular artery

Anterior/posterior circumflex humeral arteries

Brachial artery





	Brachial artery

	
Deep brachial artery

Superior ulnar collateral artery

Inferior ulnar collateral artery

Radial artery

Ulnar artery
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Figure 2.27. Veins of the arm and shoulder (anterior view). Deoxygenated blood from the hand, forearm and arm is drained via the superficial and deep veins of the arm. The main superficial veins of the upper limb are the cephalic and basilic veins which are continuations of the same veins in the forearm. Deep veins of the upper limb, such as the brachial, axillary and subclavian veins, and their tributaries accompanying their arterial counterparts (i.e. venae comitantes). At the inferior border of the teres major muscle, the basilic vein unites with the brachial vein(s) to form the axillary vein. At the lateral border of the first rib, it continues as the subclavian vein transporting deoxygenated blood to the brachiocephalic vein. Venous blood is returned to the heart via the superior vena cava. 
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	Axillary vein
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Figure 2.28. Veins of the arm and shoulder (posterior view). Deep veins of the upper limb, such as the brachial, axillary and subclavian veins, transport deoxygenated blood to the superior vena cava. The paired brachial veins along with their tributaries, the veins of the forearm, empty into the axillary vein which in turn conveys the majority of blood from the arm and shoulder. The anterior and posterior circumflex humeral veins accompany their arterial counterparts, passing anterior to the surgical neck of the humerus to enter the axillary vein. In the scapular region, accompanying veins of the arteries contributing to the scapular anastomosis equally form a rich venous plexus to drain the scapular and shoulder region.






	Key points about the veins of the arm and shoulder




	Axillary vein

	
Formed by: basilic vein, brachial veins

Tributaries: thoracoacromial, subscapular, anterior circumflex humeral and posterior circumflex humeral veins, cephalic vein

Drains into: subclavian vein
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Figure 2.29. Nerves of the arm and shoulder (anterior view). A major component of the axilla are the cords and branches of the brachial plexus, a major network of nerves supplying the upper limb. The lateral pectoral nerve arises from the lateral cord of brachial plexus and primarily innervates the pectoralis major muscle (fibers may also pass to the medial pectoral nerve via the ansa pectoralis, when present). The musculocutaneous nerve is a terminal branch of the lateral cord which provides motor innervation to the muscles of the anterior arm (namely the biceps brachii, coracobrachialis and brachialis muscles) as well as sensory innervation of the lateral forearm. The median nerve arises from medial and lateral roots; it is branchless within the arm. Branches of the medial cord of the brachial plexus include the medial pectoral nerve (which provides motor innervation to the pectoralis minor and sternocostal head of the pectoralis major muscle), medial brachial cutaneous nerve (provides sensory innervation to the skin of the medial aspect of the arm) and medial antebrachial cutaneous nerve providing sensory innervation to the skin of the arm overlying the biceps brachii and medial forearm.
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	Axillary nerve
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Figure 2.30. Nerves of the arm and shoulder (posterior view). In relation to the humerus, many nerves of the brachial plexus arise and course posterior to it. The ulnar nerve is a terminal branch of the medial cord of the brachial plexus; it is branchless within the arm. The posterior cord of the brachial plexus gives rise to the subscapular (not depicted here), thoracodorsal and axillary nerves innervating the subscapularis and teres major muscles, the latissimus dorsi and deltoid muscles, respectively. The radial nerve, a larger terminal branch of the posterior cord, supplies all muscles of the posterior compartment of the arm and forearm. It equally provides sensory innervation to the skin of the posterior and inferolateral arm and forearm (posterior/inferior lateral brachial cutaneous nerves). In the clavicular and shoulder region, the supraclavicular nerves arising from the cervical plexus provide sensation over the clavicle, anteromedial shoulder and medial chest. The suprascapular nerve arises from the superior trunk of the brachial plexus and passes through the scapular notch to innervate the supraspinatus and infraspinatus muscles, as well as the glenohumeral joint along its course. The long thoracic nerve originates from the posterior aspect of anterior rami of spinal nerves C5, C6 and C7 and supplies the serratus anterior muscle. Arising from the anterior ramus of spinal nerve C5, the dorsal scapular nerve descends deep to the levator scapulae and rhomboid muscles to supply them.






	Key points about the nerves of the arm and shoulder




	Cervical plexus

	Supraclavicular nerves




	Supraclavicular/preterminal branches of brachial plexus

	
Dorsal scapular nerve

Long thoracic nerve

Suprascapular nerve

Subclavian nerve





	Lateral cord of brachial plexus

	
Lateral pectoral nerve

Musculocutaneous nerve

(Lateral root of) Median nerve





	Posterior cord of brachial plexus

	
Subscapular nerves

Thoracodorsal nerve

Radial nerve 

•Posterior brachial cutaneous nerve

•Inferior lateral cutaneous brachial nerve

Axillary nerve

•Superior lateral brachial cutaneous nerve





	Medial cord of brachial plexus

	
Medial pectoral nerve

Medial brachial cutaneous nerve (anastomoses with intercostobrachial nerve)

Medial antebrachial cutaneous nerve

Ulnar nerve

(Medial root of) Median nerve








Neurovasculature of the elbow and forearm
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Figure 2.31. Arteries of the forearm (anterior view). Oxygenated blood reaches the elbow and forearm via the brachial artery, and its largest branch, the deep brachial artery. Upon entering the cubital fossa the brachial artery immediately divides into the two major arteries of the forearm: The ulnar and radial arteries. Branches from the brachial, ulnar and radial arteries anastomose to form the cubital anastomosis. Shortly after its origin, the ulnar artery gives off the common interosseous artery which further bifurcates into anterior and posterior interosseous arteries. The anterior interosseous artery extends along the interosseous membrane of the forearm. The ulnar and radial arteries then descend through the forearm, giving off several muscular branches along their lengths, before terminating in the arterial arches of the hand.
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	Radial artery
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	Ulnar artery
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Figure 2.32. Arteries of the forearm (posterior view). The anastomotic network encompassing the elbow joint is formed by branches of the brachial, radial and ulnar arteries. Component vessels of the cubital anastomosis include: The radial, middle, superior ulnar and inferior ulnar collateral arteries of the arm which anastomose with the radial, interosseous, anterior ulnar and posterior ulnar recurrent arteries of the forearm, respectively. These arteries provide arterial supply to structures of the elbow joint. The posterior interosseous artery arises from the common interosseous artery and passes dorsally across the proximal border of the interosseous membrane to reach the posterior compartment of the forearm. It continues distally between the deep and superficial muscles of the posterior forearm and gives off several muscular and cutaneous branches. Near the wrist it anastomoses with the anterior interosseous artery and contributes to the formation of the dorsal carpal arch of the hand.






	Key points about the arteries of the elbow and forearm




	Radial artery

	
Radial recurrent artery

Muscular branches of radial artery





	Ulnar artery

	
Anterior ulnar recurrent artery

Posterior ulnar recurrent artery

Muscular branches of ulnar artery

Nutrient artery of ulna

Common interosseous artery

Anterior interosseous artery ( -> nutrient artery of radius, median artery)

Posterior interosseous artery ( -> recurrent interosseous artery)
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Figure 2.33. Veins of the forearm (anterior view). The upper limb is drained by both deep and superficial venous systems. The main superficial veins include the cephalic and basilic veins, both of which arise from the dorsal venous network of the hand. The cephalic vein communicates with the basilic vein via the median cubital vein and drains superficial regions of the hand, wrist and forearm. The median antebrachial vein drains the anterior forearm, usually emptying into the median cubital/basilic vein in the region of the cubital fossa. The deep venous system arises from the venous palmar arches and comprises the paired radial, ulnar and anterior interosseous veins which empty into the brachial veins of the arm. The deep veins of the forearm communicate with the superficial veins via perforating veins.






	Key points about the veins of the elbow and forearm




	Cephalic vein

	
Tributaries: dorsal venous network, Accessory cephalic vein

Drains into: axillary vein





	Basilic vein

	
Tributaries: median cubital vein (median antebrachial vein)

Drains into: axillary vein





	Brachial veins

	
Tributaries: anterior interosseous veins, posterior interosseous veins, ulnar veins, radial veins, deep brachial veins

Drains into: axillary vein









	[image: ]

	Radial veins
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	Ulnar veins
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Figure 2.34. Veins of the forearm (posterior view). The cephalic and basilic veins of the forearm originate from the dorsal venous network of the hand. Also arising from the medial aspect of the dorsal venous network is the accessory cephalic vein. It courses in a superolateral direction to unite with the cephalic vein variably around the level of the elbow joint, when present. The deep veins of the forearm seen from this posterior view include the posterior interosseous veins, which arise from the dorsal venous network and drain to a collateral vein at the elbow joint.
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Figure 2.35. Nerves of the forearm (anterior view). The median nerve is the principal nerve of the anterior compartment of the forearm. It gives rise to the anterior interosseous nerve as well as several muscular branches. The ulnar nerve travels through the forearm, supplying only the flexor carpi ulnaris and part of flexor digitorum profundus muscles as it travels to supply structures of the hand. The radial nerve divides into its superficial and deep branches just before it enters the forearm. Cutaneous innervation of the anterior forearm is supplied by the medial and lateral antebrachial cutaneous nerves and their associated branches. The medial antebrachial cutaneous nerve arises from the medial cord of the brachial plexus while the lateral antebrachial cutaneous nerve is a continuation of the musculocutaneous nerve.






	Key points about the nerves of the elbow and forearm




	Radial nerve

	
Posterior antebrachial cutaneous nerve

Muscular branches of radial nerve

Deep branch of radial nerve (Posterior interosseous nerve)

Superficial branch of radial nerve





	Lateral antebrachial cutaneous nerve

	
Anterior branch of lateral antebrachial cutaneous nerve

Posterior branch of lateral antebrachial cutaneous nerve





	Median nerve

	
Muscular branches of median nerve

Anterior interosseous nerve
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