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Abstract 
 

Introduction  

 
Distal biceps tendon (DBT) tear or rupture is an acute injury in middle-aged men usually 

resulting from heavy-lifting activities or when the arm is used to break oneôs fall. Conservative 

and surgical treatment of full and partial tears often results in diminished elbow flexion and 

supination (rotation) strength. This deficiency may be attributed to treating the DBT as a singular 

unit. Recent anatomic studies have shown that the DBT is comprised of two distinct tendons, a 

short head (SH) and a long head (LH), with each having discrete attachments on the radius. The 

individual contribution of each of the two heads, and hence their importance to elbow function, 

has not been well defined. There were two major objectives of this study. Firstly, to 

experimentally measure the intact contribution made by each of the heads to elbow flexion and 

supination and secondly, to assess the effect of anatomic and non-anatomic repair following 

rupture of the intact tendons. 

 
Methods 
 

Eight fresh-frozen cadaveric arms were mounted on an in-vitro elbow simulator developed for 

this project, while controlled static loads were applied to the individual biceps tendons. Isometric 

supination torque and flexion force were individually recorded with the forearm in 45 degrees 

supination, neutral rotation and 45 degrees pronation. This was done with the tendons intact to 

assess their native contribution and then repeated after a complete rupture was simulated and 

repaired both anatomically and non-anatomically.  
 
Results 
 

In the intact biceps, the SH contributed 14% more than the LH to flexion for all forearm 

positions. In pronation and neutral positions the SH contributed 11% more than the LH to 

supination torque.  In the supinated forearm, the LH contributed 2% more than SH to supination 

torque. When comparing anatomic and non-anatomic repairs, there was no difference in the 

supination torque when the forearm was in pronation.  With the arm in neutral and supinated 

rotation, the non-anatomic repair generated less supination torque (15% and 40% less than intact, 

respectively). Anatomic repair reliably reproduced intact level supination torque in all forearm 

positions. 
 
Discussion and Conclusion 
 

This study demonstrates that the SH of the biceps is an especially important flexor, contributing 

14% more to flexion force for the same load. The SH is also an important forearm rotator of the 

arm when it is in pronation and neutral rotation, with the LH playing a slightly larger role when 

the arm is in supination. Anatomic repair reliably restores distal biceps tendons function 

throughout the forearm range of rotation. If the tendon is repaired non-anatomically, the biceps 

will  not be able to generate its full  supination torque in neutral and supinated positions. 
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Glossary 

 

Avulsion ï An injury in which a body structure (in this context, tendon) is forcibly detached 

from its normal point of insertion (bone), usually as a result of trauma or severe overloading.  

Contralateral  ï A reference to the side of the body opposite to that on which a particular 

structure or condition occurs. 

Distal ï Farther away from a point of reference such as the midline of the body, a joint or point 

of attachment. 

Eccentric loading ï Muscle elongation while under tension due to an opposing force greater 

than the muscle force generated (e.g. lowering a dumbbell in a controlled manner). 

Extension ï The opposite of flexion, movement that straightens and increases the joint angle 

between any two parts. In the elbow it involves moving the forearm away from the shoulder 

Flexion ï The bending movement that decreases the joint angle between two parts. In the elbow 

it involves moving the forearm towards the shoulder. 

Frontal  plane ï A plane that is parallel to the long axis of the body and perpendicular to the 

sagittal plane; it separates the body into front and back portions. 

Insertion ï Distal attachment site of a muscle, tendon or ligament that it "inserts" into after 

spanning the joint and which moves when the muscle contracts. 

Isokinetic loading ï Variable resistance to a muscle contraction or elongation so that movement 

takes place at a constant speed regardless of muscle force generated.  



 

 

 

Isometric loading ï Loading of the muscles such that muscle length does not change during 

tensioning, the muscle force is generated while the muscle and joint are in a static position.  

Joint Stability  ï The Ability  of a joint to withstand mechanical loading and movements without 

becoming dislocated, displaced or injured. Stability is provided by the bones of the joint and the 

soft tissues surrounding it. 

Origin  ï The proximal, static attachment site of a muscle, tendon or ligament from which it  

"originates" on the bone. 

Pronation ï The opposite of supination, internal rotation of the forearm resulting in the palm 

turning backward or downward. 

Proximal ï Nearer to a point of reference, such as the midline of the body, a joint, or point of 

attachment. 

Rupture /Tear ï Refers to a full tear or separation of the soft tissue such as muscle or tendon. A 

tear can also be a partial discontinuity rather than a complete separation of the tissue. 

Supination ï External rotation of the forearm turning the palm forward or upward. 

Sagittal plane ï A plane that is parallel to the long axis of the body and perpendicular to the 

frontal plane; it separates the body into left and right portions. 

Tuberosity ï A large prominence or outcropping on a bone, serving for the attachment of 

muscle, tendon or ligament. A tuberosity acts as cam which improves mechanical leverage by 

increasing the muscle moment arm around a joint. 

Valgus ï Oblique displacement or outward angulation of a limb away from the midline of the 

body. 

Varus ï Oblique displacement or inward angulation of a limb toward the midline of the body. 
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1. Introduction  and Objectives 

Distal biceps tendon (DBT) rupture and avulsion are traumatic but uncommon injuries. They 

have a relatively low incidence rate of 1.24 per 100,000 population per year.  However, they 

primarily affects active, middle aged men who either use their arms for physical labor (such as 

carpenters and mechanics), or those frequently engaging in athletic activity.
1
 The rupture or tear 

is usually a result of forceful eccentric loading, extending the elbow, as done during a "biceps 

curl" or when breaking a fall with the arms.
2
 The trauma most often results in either a full rupture 

or avulsion of the tendon at the insertion, with partial tearing of the tendon being less common. 

In all cases, elbow function, in the form of flexion and supination strength, is impaired.
3
 

 

1.1 The Distal Biceps Tendon  

The reason that the anatomy and mechanics of the DBT is not well understood is due to the 

lower occurrence of rupture-based injuries when compared to the proximal tendons injuries of 

the biceps. Until recently, it has been suggested that the muscle originates as two proximal heads 

that merge below the shoulder, forming a single distal muscle belly. This muscle belly produces 

a single distal tendon that twists from a predominantly frontal plane to a sagittal plane before 

inserting into the radial tuberosity on the proximal radius.
4
 The radial tuberosity protrudes 

medially from the radial shaft creating a cam that extends the attachment of the biceps away 

from the forearm rotation axis. The rotation axis begins at the center of the radial head 

proximally; shifting the attachment site away from the center of the radius increases the biceps 

moment arm (Figure 1). 
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Figure 1. A ï Anterior  view of proximal  radius highlighting the location of the radial tuberosity. B ï Axial  

view of the proximal  radius with the biceps tendon intact.
5
  

 

Recent anatomic studies have indicated that the distal anatomy is more nuanced than previously 

understood and that the DBT may actually remain as two distinct anatomic and functional tendon 

bundles at the level of insertion into the bone.
5,6

 These studies have characterized and quantified 

the individual head locations and insertion areas on the radial tuberosity. The short head (SH) 

usually has a more distal and radial attachment. The long head (LH) crosses under the SH and 

has a slightly more proximal and anterior insertion on the tuberosity (Figure 2).  
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Figure 2. A ï Anatomy of the biceps brachii  indicating the continuous separation of the LH  and SH. B ï Close 

up of the insertion footprints of the LH  and SH of the biceps onto the radial  tuberosity.
5
 

 

1.2 DBT Repair 

DBT ruptures are treated in either a conservative manner with rehabilitation and rest or by 

surgical repair that reattaches the tendon. Non-operative treatment often results in diminished 

function and weakness of the elbow. Elbow flexion and forearm rotation are both affected, with 

reports of 30-50% loss of supination strength and 20% loss in flexion strength when compared to 

the contralateral limb as measured through in-vivo isokinetic testing.
7
  

The primary goal of surgery is to restore normal strength to the elbow. One of two surgical 

approaches is typically used to repair the compromised DBT: a 1-incision (non-anatomic) or a 2-

incision technique (anatomic). With the non-anatomic repair technique, the tendon is re-attached 

to the anterior aspect of the radial tuberosity. In the anatomic technique, the tendon is re-attached 
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more closely to its original anatomical insertion, on the posterior aspect of the tuberosity (Figure 

3). Each repair technique has specific advantages in terms of surgical exposure, ease of tendon 

reattachment and rates of complication. To date, only one study has sought to assess and 

compare the functional results of the two techniques directly.
8ï11

 Henry et al. did not find a 

significant difference between the repairs. However the investigators did not study the DBT as 

the two headed complex that the recent studies indicate it is. Rather, the distal attachment was 

treated a as singular unit with no distinction between the two heads. 

 

 

Figure 3. Axial  view of the radial  tuberosity and insertion of the DBT. A ï Non-anatomic attachment of the 

DBT anterior to the tuberosity apex. B ï Anatomic reattachment of the DBT, posterior to the apex.
2
 

 

It is suspected that failure to surgically restore the discrete attachments of the LH and SH of the 

distal biceps may account for reduced post-operative supination strength associated with the 50% 
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partial rupture surgical recommendation.
12

 In light of the new characterization of the DBT, 

understanding and restoring the anatomy of the distal biceps insertion is essential to optimizing 

patient functional outcomes.
13

 

 

1.3 Clinical  Relevance and Rationale 

Based on anatomic studies, it appears that the SH and LH have discrete distal attachments on the 

radial tuberosity. The SH attaches distally and therefore may function as a stronger flexor, 

whereas the LH attaches more proximal and ulnar, and may have a greater contribution to 

supination. The individual contribution of each of the two heads to flexion and supination has not 

been defined. Therefore, the aim of this study is to directly measure the contribution of the SH 

and LH of the biceps to elbow flexion and forearm supination, and provide biomechanical 

evidence for what is inferred in recent anatomical studies. This project has several points of 

clinical relevance. It will  help determine the amount of weakness expected following a partial 

biceps tear affecting only one of the distal tendons and if repair of a partial biceps tendon rupture 

(SH or LH) is indicated. The study will  also help clarify the importance of an anatomic repair 

footprint. 

The current understanding of the function of the SH and LH of the biceps at the elbow is based 

purely on anatomic location. At the time of starting this project there were no existing 

biomechanical studies quantifying the contribution of the SH and LH of the biceps tendon to 

supination and flexion strength. Review of the literature indicated that all relevant biomechanical 

studies have approached the distal biceps tendon as a singular, homogenous unit.
14ï20

 While the 

project was underway, Jarrett et al. published a study investigating the SH and LH contributions 
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to elbow function as proposed in this study. 
21

 Both studies were conducted in a parallel and 

blinded manner. The Jarrett results will  be used in comparison with the current study findings.  

 

1.4 Objectives 

There are three primary objectives of this project. 

a)  To quantify the contribution of short and long heads of the bicep tendon to total biceps 

flexion force. This is measured at the level of the wrist while the forearm is in pronation, at 

neutral and in supination.  

b)  To quantify the contribution of short and long heads of the bicep tendon to total biceps 

supination torque. This is measured at the level of the wrist while the forearm is in pronation, at 

neutral and in supination. 

c)  To compare the anatomic and the non-anatomic repair of individual distal biceps tendons and 

their ability to restore normal elbow flexion and forearm supination torque. An anatomic repair 

has a footprint which is re-established posterior to the apex of the radial tuberosity while a non-

anatomic repair approximates the tendon anterior to the apex.  
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2. Background 

The relevant elbow anatomy as a whole is described in this chapter, followed by the typical 

range of motion and discussion of relevant biomechanical and kinematic considerations. This 

will  drive the experiment and elbow loading design. In order to precisely describe the anatomy 

and position, the anatomic coordinate system will  be used throughout this thesis. Figure 4 below 

is provided as reference to this convention.  

 

 

Figure 4. Anatomic definitions and coordinate system.
1
 

                                                

1 http://doctorsgates.blogspot.ca/2011/02/terms-of-position-direction-and-main.html 
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2.1 Elbow Joint Anatomy 

Flexion and rotation of the elbow are a result of the bone geometry as well as soft tissue 

interactions. In order to load the biceps and study the effects of the contributions of the SH and 

LH and compare the repairs of DBT rupture, elbow anatomy and kinematics are reviewed in the 

subsequent chapters. This was done in order to identify the necessary constraints and criteria that 

will  help drive the design of the experiment. 

2.1.1 Bones of the elbow 

The elbow joint is comprised of three bones: The humerus, ulna and radius. The humerus is the 

longest bone of the arm (Figure 5). It has a large ball-like head at its proximal end that articulates 

with the glenoid of scapula (shoulder blade). The distal articulating surfaces of the humerus are 

the trochlea and capitulum. The trochlea resembles a pulley onto which fits the trochlear notch of 

the ulna which swings when the elbow is flexed. The capitulum is a ball of bone that is lateral 

and adjacent to the trochlea on which the radial head articulates during elbow rotation. The 

trochlea and capitulum are bounded on either side by boney processes called the medial and 

lateral epicondyles respectively. Slightly superior to the trochlea are depressions on the anterior 

side and posterior side called fossae. Anteriorly, the coronoid and radial fossae allow for deep 

flexion of the elbow, while posteriorly the olecranon fossa allows for near full extension by 

accommodating the olecranon of the coronoid. The fossae contribute to the stabilization of the 

elbow by providing boney constraints to elbow motion at the extreme ranges of motion (Figure 

5).
22

  

 



 

9 

 

 

Figure 5. Anterior  and posterior views of the humerus.
22

 

 

The ulna is shaped like a ñpipe wrenchò. The olecranon, located at the proximal end of the ulna 

is a prominent boney process that forms the ñupper jawò of the wrench while the coronoid 

process forms the ñlower jawò (Figure 6). These jaws clasp the trochlea on the humerus forming 

the very stable hinged elbow joint.  The proximal ulna has two articular surfaces, the radial notch 

which articulates with the proximal radius and the trochlear notch which articulates with the 

trochlea on the distal humerus. The ulna is thicker at its proximal end becoming slender and 

smaller towards to the distal rounded ulnar head. Lateral to ulnar head is a prominent process 

called the ulnar styloid.
22
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Figure 6. A ï Anterior  view of the ulna and radius, B ï Posterior  view of the ulna and radius.
22

 

  

The radius is the shorter bone of the forearm. The proximal end of the radius has a circular, 

slightly concave surface, resembling a shallow dish that is congruent to and articulates with the 

capitulum on the humerus. Slightly distal to the radial head is the radial tubercle, a bony 

outcropping which serves as the insertion of the biceps tendon, as a result the radial, or bicipital 

tuberosity, is of particular importance this study. The tuberosity extends the biceps attachment 

away from the long axis of the radius making the tuberosity a ñcamò that increases the moment 

arm and muscle efficiency of the biceps as previously discussed (Figure 3).
3
 Distally the radius 

broadens and increases in size. It has a medial notch that articulates with the head of the ulna. 




























































































































































































































