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A Review Paper

Throwing, the Shoulder, and Human Evolution
John E. Kuhn, MD, MS

C harles Darwin once said that apes “...are 
quite unable, as I have myself seen, to 
throw a stone with precision”.1 Yet humans 

can throw with precision and speed, a skill that 
likely had significant advantages: throwing can 
affect change at a distance—something few 
species can do. Throwing can provide protection 
against predators and can allow for predation for 
food resources. Throwing would be important in 
contesting other hominids for scarce resources. 
As such, throwing has been critically important in 
human evolution and likely is a skill that has been 
promoted through natural selection.2-5

In the orthopedic literature, most published work 
on throwing will ask proximate questions: “how, 
what, who, when, and where?” Evolutionary 
biologists are concerned with ultimate questions6,7: 
“why?” Asking ultimate questions provides insight 
into how a behavior might offer advantages under 
natural selection, which can then improve our 
understanding of the proximate questions for that 
behavior.

With regard to the shoulder, a number of mys-
teries exist that, to date, proximate studies have 
not been able to solve. This article argues that the 
human shoulder has evolved for throwing and by 
using this frame of reference, many of the myster-
ies surrounding the anatomy of the shoulder can 
be understood.

Pitching Kinematics
The mechanics of pitching have been analyzed 
extensively. Fleisig and colleagues8 performed 
kinematic and electromyographic analyses of 
pitchers to identify the critical moments of pitching 
(defined as where the forces are highest and 
injury is most likely going to occur). They found 2 
moments where the forces about the shoulder 
are highest during pitching: the late cocking phase 
(defined by the point where the humerus reaches 
maximal external rotation); and the early deceler-
ation phase (defined by the point when the ball is 
released). If throwing is important in natural selec-
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tion of humans, then the shoulder anatomy should 
be optimized to withstand the forces generated in 
these positions. 

Late Cocking Phase of Throwing

The early phases of throwing are attempting to 
maximize external rotation of the abducted arm 
as the velocity of the pitched ball correlates to 
the amount of external rotation achieved.9-11 In 
this position, kinetic energy in external rotation is 
stored and converted into kinetic energy in internal 
rotation.12 The position of the shoulder during late 
cocking is 94 ± 21° of thoracohumeral abduction, 
11 ± 11° of horizontal adduction, and a remarkable 
165 ± 11° of thoracohumeral external rotation 
(Figure 1).8 

Fleisig and colleagues8 estimated the torque and 
forces about the shoulder, which are quite high for 
joint compression (480 ± 130 N). They also ana-
lyzed the shear forces and while trying to describe 
the origin of superior labrum anterior to posterior 
(SLAP) lesions and anterior labral tears, broke 
down the major shear vector into an anterior force 
vector (310 ± 100 N) and a superior force (250 ± 80 
N).8 Note that the resulting shear vector is in an an-
terosuperior direction and is approximately 400 N.

Early Deceleration Phase of Throwing

Interestingly, the position of the humerus during 
this critical moment of throwing is not much 
different than the position during the late cocking 

phase of throwing, with 93 ± 10° of thoracohumer-
al abduction, 6 ± 8° of horizontal adduction.8 The 
major difference in the position of the arm is found 
in the amount of thoracohumeral rotation, which is 
now 64 ± 35° of external rotation (Figure 2).8

The forces in early deceleration are tremendous, 
with an estimated 1090 ± 110 N joint compression 
force, and an anteroinferior shear force of approxi-
mately 130 N.8 

Clearly, if throwing is an important skill in human 
evolution, adaptations must exist in the shoulder 
to withstand the high forces in these 2 critical 
moments of throwing.

Solving Mysteries of Shoulder Anatomy  
in the Context of Throwing
There are many anatomic features of the shoulder 
that remain poorly understood. These include the 
alignment of the glenohumeral joint, the function 
of the glenohumeral ligaments, the function of 
the coracoacromial ligament, the depression of 
the human greater tuberosity, and the nature and 
function of the very tendinous subscapularis and 
long head of the biceps. These mysteries of the 
human shoulder can be solved if one considers the 
hypothesis that the shoulder has evolved to throw.

Glenohumeral Joint Alignment

The cartilage of the humeral head is thickest at 
its center, and thinnest at the periphery (Figure 
3A).13,14 Conversely, the cartilage of the glenoid is 

Figure 1. Late cocking phase of throwing. Fleisig and colleagues8 estimated 
large superior and anterior shear forces on the shoulder at this moment. 
The combined vector is anterosuperior at approximately 400 N. 
Modified from Am J Sports Med.8 

Figure 2. Early deceleration position of throwing. In this critical moment of 
throwing, the position of the humerus relative to the scapula is essentially 
the same as during late cocking except for rotation of the humerus. Both 
positions are characterized by high joint compression loads.  
Modified from Am J Sports Med.8
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thinnest at the fovea and thickest in the periphery 
(Figure 3B).14 It seems obvious that in order to 
maximally distribute high loads across this joint, 
the center of the humeral head should rest in 
the center of the glenoid. Interestingly, this does 
not occur during most positions of the shoulder. 
When upright, the center of the humeral head is 
directed above the glenoid in the coronal plane 
(Figure 3C). In order to align the glenohumeral 
joint optimally for the distribution of loads across 
the joint, the humerus must be abducted approxi-
mately 60° relative to the scapula. Assuming a 2:1 
glenohumeral to scapulothoracic abduction for arm 
abduction relative to the thorax,15 this equates to 
approximately 90° of thoracohumeral abduction—
the exact kinematic position of the shoulder during 
both critical moments of throwing (Figure 3D).

Function of the Glenohumeral Ligaments

The glenohumeral joint capsule has thickenings 
that help to stabilize the joint. The function of 
these glenohumeral ligaments has been evalu-
ated biomechanically for their role in preventing 
translation and instability by a number of authors. 
The inferior glenohumeral ligament has classically 

been described as resisting anterior translation of 
the abducted arm.16 The coracohumeral ligament 
has been described as important to prevent inferior 
translation of the adducted arm.17

Interestingly, these ligaments are also the most 
important ligaments in resisting external rotation of 
the adducted arm.18 The dominant arm of throwing 
athletes has been shown to have increased inferior 
translation19 and increase external rotation.19-22 
While the external rotation is partly related to 
bony adaptation,23,24 the ligamentous restraints to 
external rotation are likely under tremendous load, 
which may explain why Dr. Frank Jobe revolution-
ized the surgical treatment of the throwing athlete 
by performing an “instability” operation,25,26 as he 
believed these athletes had “subtle instability” that 
produced pain, but not symptoms of looseness.27

While these ligaments may exist in part to 
prevent translation and instability, current thinking 
suggests that “over-rotation” may lead to internal 
impingement and may be responsible for symp-
toms in the thrower’s shoulder,28 as SLAP lesions 
seem to occur easier with external rotation.29 
Again, the importance of maximizing external rota-
tion in throwing and the finding that this position is 
a critical moment with very high forces suggests 
that these ligaments may represent an adaptation 
to restrain external rotation while throwing.

Coracoacromial Ligament

The coracoacromial ligament is unique in that it 
connects 2 pieces of the same bone, and is only 
seen in hominids—not other primates.30 Its func-
tion has been debated for decades. This ligament 
is generally thought to limit superior translation 
of the humeral head,31,32 an effect that is critically 
important in patients with rotator cuff tears 33,34 
Its importance is demonstrated by the fact that it 
seems to regenerate after it has been resected.35,36 
Yet release or resection of this ligament has been a 
standard treatment for shoulder pain for decades. 

Its function becomes clear if one examines the 
coracoacromial ligament with respect to the kine-
matics of throwing. As mentioned above, in the 
late cocking phase of throwing, tremendous shear 
forces exist in the shoulder. Fleisig and colleagues8 
estimated a superior force of 250 ± 80 N, and an 
anterior shear force of 310 ± 100 N. While Fleisig 
and colleagues8 analyzed these shear forces with 
respect to the development of superior and ante-
rior labral tears, it is important to note that these 
shear forces are vectors that should be combined. 
When one does this, it becomes apparent that in 

Figure 3. Optimal alignment of the glenohumeral joint. Because the cartilage is (A) 
thickest in the center of the humeral head, and (B) thinnest in the center of the glenoid, 
in order to distribute load effectively, the center of the humeral head should rest in the 
fovea of the glenoid. (C) This does not occur when upright, (D) but will occur when the 
arm is abducted to 90° of thoracohumeral abduction—the position we see during the 
critical moments of throwing.
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the late cocking phase of throwing there is shear 
force in an anterosuperior direction of approximately 
400 N (Figure 1).  
The coracoacromial ligament is positioned to 
restrain this tremendous force. If throwing is an 
important adaptation in the evolution of humans, 
then the function of this ligament and its impor-
tance becomes clear.

Depressed Greater Tuberosity and  

the Pear-Shaped Glenoid

Compared to other primates, the greater tuberosi-
ty in humans sits significantly lower (Figure 4). This 
depression effectively decreases the moment arm 
of the muscle tendon unit, making the supraspina-
tus less powerful for raising the arm.37 In addition, 
by tenting the supraspinatus tendon over the 
humeral head, a watershed zone is created with 
decreased vascularity, which is thought to contrib-
ute to rotator cuff disease.38 What would be the 
advantage of the depressed tuberosity?

In primates, a lower tuberosity allows for more 
motion, particularly for arboreal travel.37 In order 
to throw with velocity, the humerus must achieve 
extremes of external rotation. A large tuberosity 
would limit external rotation of the abducted arm. 
Similarly, the pear-shaped glenoid cavity allows 
for the depressed tuberosity to achieve maximal 
external rotation. It is conceivable that a depressed 
greater tuberosity that allows for throwing would 
be an adaptation that could be favorable despite its 
proclivity toward rotator cuff disease in senescence.

Nature of the Subscapularis and the Role  

of the Long Head of the Biceps

The subscapularis is unique among rotator cuff 
muscles in that the upper two-thirds of the muscle 

is surprisingly tendinous.39 Why should this rotator 
cuff muscle have so much tendon material? Why 
is the tendon missing from the inferior one-third of 
the muscle? This situation is not optimal to prevent 
anterior glenohumeral instability, where inferior 
tendon material would be preferred.40

The function of the tendon of the long head of 
the biceps has long been debated and remains 
unclear.41-43 Cadaver experiments suggest the long 
head of the biceps provides glenohumeral joint 
stability in a variety of directions and positions, yet 
in vivo studies may not show this effect. Electro-
myography studies show little activity of the long 
head of the biceps with shoulder motion when the 
elbow is immobilized, leading some to suggest it 
is important as a passive restraint.43 This lack of 
understanding has led some to believe the biceps 
is not important and can be sacrificed without 
much concern.42,43 

Again, these questions can be answered if one 
considers them in the context of throwing. At the 
point of maximal external rotation, the shoulder 
quickly moves from external rotation to internal 
rotation. This occurs by converting kinetic energy 
of external rotation into stored potential energy in 
the tissues. This energy is then converted into in-
ternal rotation. This elastic energy storage is critical 
for developing the necessary velocities to launch a 
projectile. While many structures are responsible 
for storing this energy,12 the subscapularis and long 
head of the biceps are particularly important. In 
fact, these 2 structures are important restraints to 
external rotation of the abducted arm–and become 
increasingly important with increased external 
rotation.45,46 

One can think of the long head of the biceps as 
a spring (muscle), a cable (the long tendon), and a 

Figure 4. Compared to other primates, the greater tuberosity in humans is depressed, reducing its mechanical advantage; however, this allows for the 
extremes of external rotation required for throwing. (A) Papio anubis, (B) Cercopithecus aethiops, (C) Presbytis melalophos, and (D) Homo sapiens.
Modified from Am J Phys Anthropol.37
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pulley (the bicipital groove). Similarly, one can 
consider the subscapularis as a similar structure, 
with the coracoid process serving as the pulley. In 
the late cocking phase of throwing, an interesting 
alignment occurs such that the pulleys (coracoid 
process and bicipital groove) are on opposite sides 
of the joint, providing glenohumeral joint stabil-
ity. This system, with the inferior glenohumeral 
ligament (which is the primary restraint to exter-
nal rotation of the abducted arm18), produces an 
incredibly stable envelope, preventing the humeral 
head from over-rotating and translating during the 
late cocking phase of throwing when the forces 
about the shoulder are extremely high. Because 
the muscles serve as springs, this system is also 
capable of storing kinetic energy during the late 
cocking phase of throwing and converting it into 
kinetic energy for internal rotation.

Summary
While throwing is not as critical to survival in 
today’s culture, the ability to throw was clearly an 
important adaptation in human evolution. With 
this in mind, we can approach human anatomy 
with this perspective, and in fact, many other lines 
of thinking suggest that throwing was important 
in the evolution of the hand,47 the brain,48 biped-
alism,49 and even human society.50 The shoulder 
was highly influenced through natural selection to 
promote the throwing skill. With this perspective, 
many of the mysteries about the shoulder can be 
answered.
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