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Learning Objectives

Upon completion of this CME activity, the learner should achieve an understanding of:

� The contributions and biomechanics of the dynamic and bony stabilizers of the
elbow

� How the bony contribution to elbow stability varies relative to arm position and
degree of elbow flexion

� Treatment options and indications in the unstable elbow
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The elbow positions the hand in a stable manner relative to the trunk while allowing flexion
and extension as well as forearm rotation at varying shoulder positions. Its ability to perform
this task without joint subluxation is accomplished through a combination of bony congru-
ency, ligamentous restraint, and dynamic stabilization. This article reviews the bony and
dynamic contributors to elbow stability and kinematics. Bony stability is conferred through
the morphology of the humeroulnar, humeroradial, and radioulnar joints. Depending on the
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BONY AND DYNAMIC STABILIZERS OF THE ELBOW 529
arm position relative to the trunk and the degree of elbow flexion, the bony contribution will
vary. Dynamic elbow stabilizers confer stability through the activation of various muscles that
cross the elbow. These forces help resist valgus and varus forces and may also increase bony
stability by generating compressive forces. The goal of this article is to review the literature
surrounding the biomechanics of bony and dynamic stabilizers of the elbow while drawing
clinically relevant biomechanical observations. (J Hand Surg Am. 2020;45(6):528e535.
Copyright � 2020 by the American Society for Surgery of the Hand. All rights reserved.)
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CENTERLINE OF ROTATION
The elbow is primarily a hinged articulation between
the humerus and the ulna that moves through a
centerline of rotation (Fig. 1) created by the trochlea
forming a convex, proximal surface, which articulates
with the concave surface of the trochlear notch. Its
axis approximates a line passing through the center of
concentric arcs outlined by the trochlea and cap-
itellum.1 The centerline of rotation is located along
the course of the anterior bundle (AMCL) of the
medial ulnar collateral ligament (MUCL) measured
16.54 mm (95% confidence interval, 14.45e18.63)
from the joint line toward the medial epicondyle
attachment.2

As the elbow moves, this centerline axis of rota-
tion does not remain constant (isometric) throughout
the flexion-/extension motion.1,3 In addition,
although true isometry has not been found, nearly
isometric AMCL behavior has been established at a
location on the anterior inferior surface of the medial
epicondyle, a location very close to the anatomical
axis of elbow rotation.4 Because isometric motion
does not occur, ligament length changes as the elbow
flexes. The smallest mean AMCL length change
throughout the arc of elbow flexion has been shown
to be 2.8 � 1.2 mm in one study and, on average, 4.8
mm in another.4,5 The elbow’s deviation from a pure
hinge joint may be due to the trochlea extending
further distally than the capitellum.

A recent study postulated that, within the AMCL,
isometric regions do exist. A computer model simu-
lated elbow kinematics and subdivided the AMCL
into 9 separate ligaments and found that 4 of these
exhibited isometry.6 Because nonisometric motion
likely causes ligament tension changes as the elbow
flexes and extends, identifying the location of where
the ligament behaves in the most isometric manner is
important for purposes of reconstruction.

BONY STATIC STABILIZERS
Elbow stability occurs owing to the complex inter-
play of bony, soft tissue and dynamic stabilizers. The
J Hand Surg Am. r V
bony anatomy consists of 3 articulations; the hinge
joint between the humerus and the ulna as well as the
2 articulations between the radial head and the distal
humerus and the proximal ulna. Bone-bone in-
teractions are of greater import in full extension and
full flexion and less important stabilizers through the
arc of 30� to 100�.7 At 30� of flexion, the elbow is
most lax with an intact MUCL and a 2-Nm load
applied.8 The joint articulation is likely more
responsible for joint stability near full extension. As
the elbow flexes, ligamentous support is recruited as
shown by the AMCL tension level increasing until
70� of elbow flexion9 (Fig. 2).

At full extension, the tip of the olecranon inserts
into the olecranon fossa. In extension, the joint
capsule and bony anatomy are more important to
stability, with valgus stability being equally divided
among the MUCL, anterior joint capsule, and joint
articulation (31%, 38%, and 31%), whereas at 90� of
elbow flexion, the MUCL, anterior joint capsule, and
joint articulation were found to resist approximately
54%, 10%, and 33% of valgus stress, respectively7

(Fig. 3).
At full flexion, the elbow is stabilized through the

interlocking configuration of the coronoid process of
the ulna and the coronoid fossa of the humerus. At
maximal degrees of elbow flexion and extension, the
elbow is quite stable, allowing only small amounts of
varus and valgus laxity to occur.
ULNOHUMERAL ARTICULATION
The articulation between the concave ulna and the
convex humerus is the primary bony stabilizer of the
elbow (Fig. 4). Injury to the coronoid is troubling,
given that most of the joint compressive forces occur
between the coronoid and the trochlea of the distal
humerus, and the coronoid process is an essential
osseous block to prevent posterior elbow subluxation,
especially with the elbow in extension.10 The
importance of the coronoid is underscored by the
observation that the elbow remains stable even when
between 70% and 80% of the olecranon is removed,
ol. 45, June 2020



FIGURE 1: Centerline of elbow flexion and extension. The elbow flexes and extends through a centerline of rotation that does not
remain constant, which leads to a change in collateral ligament tension. Nearly isometric motion of the AMCL has been found.

FIGURE 2: Bony stabilization in elbow extension. In full elbow extension, the joint is stabilized by the seating of the ulna into the distal
humerus. As the elbow bends, soft tissue stabilizers become more important to stability.
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as long as the coronoid and distal trochlea are pre-
served.11,12 Given the linear decrease in elbow sta-
bility as a function of olecranon resection, removal of
50% of the articular surface represents a cutoff for
instability.13
J Hand Surg Am. r V
RADIOCAPITELLAR ARTICULATION
The articulation between the radial head and the distal
humerus facilitates flexion-extension around a coro-
nal axis as well as rotation around a longitudinal axis
as guided by the proximal radioulnar joint. The radial
ol. 45, June 2020



FIGURE 3: Bony stabilization in elbow flexion. In full flexion, the joint is stabilized through the seating of the ulna into the anterior
distal humerus.

FIGURE 4: Ulnohumeral joint bony stabilization. The coronoid is a primary elbow stabilizer.
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FIGURE 5: Radial head as a bony stabilizer. The radial head prevents proximal radial migration of the radius and is a secondary restraint
to valgus stress. It also maintains tension in the lateral ulnar collateral ligament.
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head serves 2 important biomechanical roles, namely
transmitting forces across the radiocapitellar joint
while also providing tension to the lateral ulnar
collateral ligament. Depending on joint position, up
to 60% of comprehensive loads are transferred be-
tween the radial head and the distal humerus14

(Fig. 5).
Its role in load transmission was shown with

lengthening and shortening of as little as 2.5 mm
affecting ulnohumeral kinematics and radiocapitellar
pressures.15 The radial head is also a secondary re-
straint to valgus elbow stability with the MUCL be-
ing the primary stabilizer.16,17

In a cadaver study, elbow kinematics were altered
and varus-valgus laxity was increased after radial
head excision and both were corrected after radial
head arthroplasty.18 Its biomechanical role in un-
constrained total elbow arthroplasty mandates that it
is either left in place or replaced, given that absence
of the radial head leads to abnormal kinematics and
marked instability.19,20 Even in a semiconstrained
J Hand Surg Am. r V
(linked) total elbow replacement, valgus stability is
improved with either the native radial head or a radial
head replacement.21
DYNAMIC STABILIZERS
Joint stability is conferred dynamically as the
elbow is moved and stabilized by the contraction
of muscles that originate from the humerus and
forearm (Fig. 6). This muscle activity offloads the
stabilizing ligaments by increasing osseous stability
so much so that dynamically loaded cadaver arms
track at less than the laxity limits of the collateral
ligaments.22 It is even postulated that, as the
weight in hand (and its generated moment) is
increased, the required greater muscle force to
stabilize the elbow can actually decrease joint
laxity.17 The degree to which this happens is not
clear because there exists a lack of biomechanical
tests or EMG data for elbow motion in the varus,
valgus, and horizontal positions.22
ol. 45, June 2020



FIGURE 6: Dynamic stabilizers of elbow. Dynamic forces are very important elbow stabilizers. They ensure that the elbow never
experiences a tensile force. The dynamic stabilizers are able to offset varus and valgus forces exerted on the elbow, thus offloading stress
from ligamentous stabilizers.

FIGURE 7: Moment arm of biceps tendon. Muscles act through tendons that have a fixed site of insertion onto bone. As the elbow
moves, the distance between the site of insertion and the centerline of rotation (moment arm) changes, which affects their ability to move
and stabilize the elbow. F, force.
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Muscle activity generates moments acting on the
elbow as a summation of the individual muscle forces
multiplied by their respective force generation
moment arms. The force generation moment arm is
the distance between the force actuation and the
J Hand Surg Am. r V
center of elbow rotation. Each muscle has its own
force generation moment arm, which varies as a
function of elbow position. An example for this is
seen with the biceps force generating moment arm
being lowest at full extension, which makes initiation
ol. 45, June 2020
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of flexion difficult. As the arm is flexed more, the
force generation moment arm increases until its
maximum is reached at 90�22,23 (Fig. 7).

Muscles that originate from the forearm contribute
to dynamic elbow stability through their ability to
dynamically resist a valgus load such as occurs dur-
ing pitching.24e26 The flexor pronator mass is one
such muscle group, and it assists the AMCL by
sharing static and dynamic traction forces.27 Loading
of the pronator teres with 30 to 40 N relieves valgus
stress.24 The flexor carpi ulnaris was identified as the
primary stabilizer of the medial collateral
ligamentedeficient elbow and the flexor digitorum
superficialis as a secondary stabilizer.24,25 The flexor
carpi radialis, flexor carpi ulnaris, and pronator teres
have all been shown to be active on EMG testing
when they resist valgus moments.10,28,29 Forearm
forces can also resist varus forces with the extensor
carpi ulnaris, extensor carpi radialis longus and bre-
vis, and anconeus muscles resisting varus moments
on EMG testing.10,28,29 The forces that occur medi-
ally to resist a valgus moment may not be as pro-
nounced as those that resist a varus force.10,28,29

Forces created by muscles originating from the
humerus also create dynamic elbow stability as they
move the elbow in extension and flexion.29 The
pitching motion demonstrates EMG activity in the
biceps, triceps, wrist flexors, wrist extensors, and
anconeus muscles.26

Dynamic stabilizers from forearm and humeral
origins ensure that no tensile (distraction) loads are
ever transmitted across the elbow during joint flexion
or extension regardless of force at the hand. This
holds true even during activities that intuitively
would appear to generate a tensile force such as
lifting a bucket of water with a gravitationally
dependent arm while the elbow is extended.10
DISCUSSION
The distal humerus, proximal ulna, and proximal
radius represent the rigid bodies about which motion
occurs. Alteration in bony anatomy leads to altered
kinematics and stability with different regions
exhibiting different biomechanical importance. An
example of this can be seen with the coronoid, which
is a primary stabilizer and of substantial importance.
A compression fracture of the medial coronoid allows
varus collapse of the ulnohumeral joint and alters the
bony anatomy so much that it disrupts elbow
stability.30

Anatomical regions that are less important
biomechanically, such as the proximal olecranon, can
J Hand Surg Am. r V
be partly resected without substantial alteration to
elbow kinematics.

The elbow is dynamically stabilized through the
actuation of muscles and their role is substantial in
ensuring stability. Muscles move the elbow and are
recruited to reduce the forces that the elbow is
experiencing. A loss of dynamic stability can be
subtle with decreased medial forearm muscle activa-
tion being paradoxically seen in pitchers with AMCL
discomfort. More substantial loss of dynamic stability
can occur with triceps insufficiency after a total
elbow replacement, which may perpetuate arthro-
plasty failure. The force that the dynamic elbow
stabilizers exert and the recruitment pattern that is
employed remain an area of investigation. Greater
knowledge will allow for strengthening of those
muscles that are suited to stabilize an area that ex-
periences particular force during activities.
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JOURNAL CME QUESTIONS
Elbow Biomechanics: Bony and Dynamic
Stabilizers

1. Bone-bone interactions are most important in
elbow stability at what angle of elbow flexion?

a. Full extension

b. Full flexion

c. 30�e100� of flexion

d. Bony stabilizers have equal contribution to sta-
bility throughout flexion

e. Both A & B
2. Elbow stability is most compromised with which
of the following situations?

a. 60% resection of the coronoid process

b. 60% resection of the olecranon process

c. 30% resection of the coronoid process

d. 30% resection of the olecranon process
3. At what degree of elbow flexion does the biceps
have the greatest moment arm?

a. Full elbow extension

b. Full elbow flexion

c. 90� elbow flexion

d. 30� elbow flexion
4. Which of the dynamic stabilizers is the primary
stabilizer in an medial collateral
ligamentedeficient elbow?

a. Flexor carpi ulnaris

b. Flexor digitorum superficialis

c. Extensor carpi ulnaris

d. Extensor carpi radialis longus and brevis
To take the online test and receive CME credit, go to https://www.jhandsurg.org/cme/home.
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