CURRENT CONCEPTS

Elbow Biomechanics: Soft Tissue

Stabilizers

Robert A. Kaufmann, MD,* Tyler Wilps, BS,+ Volker Musahl, MD,* Richard E. Debski, PhD+

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. Elbow stability is challenged repeat-
edly during everyday activities, particularly when the arm is abducted. Traumatic injuries that
lead to an elbow dislocation or the microtrauma associated with pitching are frequent situ-
ations that destabilize the elbow. This article reviews the soft tissue stabilizers that contribute
to elbow kinematics and stability. (J Hand Surg Am. 2019; (1 ):B—MW. Copyright © 2019
by the American Society for Surgery of the Hand. All rights reserved.)
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HE ELBOW EXPERIENCES A range of forces. Dres-

sing and eating activities create peak joint

compressive forces of 300 N, whereas arm-
assisted chair rises or pulling a large table cause
compressive forces of 1,700 to 1,900 N (Nicol et al,
presented at IMechE Conference of Joint Replacement
of the Upper Extremity, 1977). Another study suggests
arange of 350 to 2,094 N and identifies axial loading as
the predominant force vector with negligible medio-
lateral joint forces occurring' (Fig. 1).

The forces that the elbow experiences depend on
arm position, elbow motion, and weight in the hand.
Substantial varus torque occurs when the arm is
abducted, which places a tensile force on the lateral
soft tissue stabilizers (Fig. 2).

Baseball pitchers can generate up to 120 Nm of
valgus torque during the pitching motion while
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creating elbow rotation of 3,000°/s, all of which
challenges elbow stability and contributes to a pro-
clivity for medial elbow problems.”” Maintaining
joint stability is important during all activities,
particularly those that subject substantial varus or
valgus moments on the elbow.

SOFT TISSUE STATIC STABILIZERS

The articular surfaces of the elbow are enclosed
within a joint capsule and are strengthened by medial
and lateral ligamentous complexes.”

MEDIAL SIDE

Medial soft tissue stabilizers have been extensively
studied because baseball pitching creates a large
valgus moment during the late cocking and early
acceleration phases. These forces are created with the
elbow in approximately 90° flexion, precisely when
the soft tissue contribution to stability is most sub-
stantial. It is common for these forces to exceed the
tensile strength of the medial ligaments.*

The act of repetitive pitching subjects the elbow to
excessive loads that result in ligament microtearing or
acute rupture.” The medial ulnar collateral ligament
(MUCL) is the major passive stabilizer against valgus
moments and thus has a substantial role in stabilizing
the elbow during a pitch.”

© 2019 ASSH « Published by Elsevier, Inc. All rights reserved. « 1
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FIGURE 1: Shoulder abduction causes a substantial varus torque
resulting in a lateral tensile force and medial compressive force.
The forces on the elbow vary considerably depending on arm
position.

Medial ulnar collateral ligament

The MUCL complex consists of 3 components: the
anterior, posterior, and transverse bundles™° (Fig. 3).

Anterior bundle

The anterior bundle of the medial collateral ligament
(AMCL) attaches to the sublime tubercle of the ulna
and the anterior inferior aspect of the midportion of the
medial epicondyle.” Cadaver sectioning studies
demonstrated the AMCL to be the primary restraint to
valgus loads with the radial head as a secondary
stabilizer."””” "' The AMCL gives restraint to valgus
and internal rotatory loads and is further divided into 2
functional components: anterior and posterior bands’"*;
some authors include a third central band.*" "'

Anterior, central, and posterior bands

Within the AMCL, the 3 different bands are charac-
terized by different biomechanical properties (Fig. 4).
The anterior band is taut in full extension whereas the
central band is always taut throughout the full range
of elbow motion. The posterior band is taut between
mid and full flexion. At greater degrees of flexion
(~110°), the anterior band acts as a co-primary re-
straint with the posterior band.® ”"'" Of the 3 bands,
the anterior band of the AMCL has been shown to be
the primary constraint to valgus and internal rotatory
forces of the elbow. It is the primary constraint to a
valgus load from full extension to half flexion®
(Fig. 5).

The percent strain of the AMCL increases with
increasing flexion angle. In turn, this leads to

increased valgus stability.'> "> An almost linear
strain response occurs from approximately 20° to 80°
of elbow flexion, after which less AMCL lengthening
is observed as the elbow flexes further.'* Tension of
the AMCL increases at higher angles of elbow
flexion; yet, for each incremental increase in flexion
angle, the corresponding increase in AMCL tension
decreases. '’

Because valgus flexibility is greatest at 30° and
then decreases with increasing elbow flexion with
most change occurring between 30° and 60° flexion,
tendon reconstructions should be tightened at 30°
flexion rather than 90° flexion.* *'?

Applying appropriate ligament tension during
reconstruction efforts is important because over-
tightening may lead to cartilage damage whereas
undertensioning may result in residual laxity. Over-
tensioning in anterior cruciate reconstruction in the
knee has been reported to produce contracture,
increased articular contact pressure, or even graft
breakdown.'® Most surgical technique guidelines do
not mention the required tension beyond simply
pulling the graft taut without measuring
tightness.'”'®

It has been shown that a transosseous suture repair
of the medial collateral ligament at 20 and 40 N
reproduced native elbow kinematics, whereas repair
at 60 N produced altered kinematics suggestive of
overtightening.'” On the lateral side, a cadaver study
showed that lateral ulnar collateral ligament repair at
20 N restored kinematics and that greater force may
lead to overtightening and resultant valgus appear-
ance of the elbow.'® Imparting 40 N of tension on the
medial side and 20 N on the lateral side is recom-
mended; yet, for simultaneous medial and lateral
tensioning efforts, 40 N is advantageous to ensure
symmetrical stability.”” The maximum tension
applied with a single hand pull by a sports medicine
surgeon is 99 N.?’ Therefore, applying a half-strength
pull should be sufficient for the medial side and a less
generous effort sufficient for the lateral side.

Posterior bundle

The posterior bundle has a lesser role in valgus sta-
bility and is a fan-like structure that originates from the
medial epicondyle and inserts into the medial posterior
aspect of the olecranon. The fan-shaped posterior
bundle is poorly identified unless the elbow is flexed to
90°” and contributes little to medial stability.”

Transverse bundle

The transverse bundle, which is often indistinguish-
able from the capsule, originates and inserts on the
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Valgus moment during late
cocking and early acceleration.

Mid-flexion relies on soft
tissue contribution to stability.
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K to excessive loads that may result in
ligament microtearing or acute rupture.

FIGURE 2: Pitching creates a large valgus torque that leads to a substantial tensile force that can damage the AMCL.
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FIGURE 3: The MUCL has an anterior, posterior, and transverse bundle. The anterior bundle is the most important in resisting valgus
stress, whereas the posterior and transverse bundle provide little functional support.

ulna and provides little if any functional support to
the medial elbow.””"!

Moment of ulnar collateral ligament to failure

The valgus load required to disrupt the MUCL lies
between 16 and 32 Nm. This confirms that dynamic
stabilization through muscle activation must occur
during pitching activities, which have been shown to

subject the medial elbow to moments as high as 120
Nm.*!

KINEMATIC COUPLING RATIO

Kinematic coupling in the elbow relates to the
interconnection between forearm rotation and valgus
angulation through which forearm internal rotation
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The Anterior Bundle of the MUCL gives restraint ]

Anterior Bundle
Has Three Bands

rK

to valgus and internal rotatory loads

|

Anterior Band is taut in full
extension.

Posterior Band is taut
between mid- and full -
flexion.

Central Band is always
taut throughout the full
range of elbow motion.

FIGURE 4: The AMCL has 3 bands: anterior, central, and posterior. The anterior band is taut in extension. The posterior band is loose in

extension but tightens as the elbow flexes.

and valgus laxity increase substantially without the
AMCL" (Fig. 6).

The biomechanics of this coupled motion suggest
that the ulna will internally rotate more as valgus
laxity increases. Valgus laxity, in turn, strongly de-
pends on the biomechanical integrity of the AMCL,
which is the primary constraint to valgus stress while
resisting internal rotation of the ulna.”> As this liga-
ment becomes compromised, such as develops during
pitching, laxity leads to increased internal rotation of
the ulna, which occurs as a result of the anatomical
contour of the greater sigmoid relative to the
trochlea.”” As internal rotation takes place, the lateral
portion of the greater sigmoid notch experiences
greater contact with the trochlea, which increases the
lever arm and results in an even greater force on the
medial collateral ligament.”> A vicious cycle of
increasing valgus laxity resulting in greater internal
rotation of the ulna and greater force on the AMCL
ensues. The intricacies of kinematic coupling as it
relates to the AMCL are still being investigated and
remain without consensus.”"”

The position of the elbow affects valgus laxity
during pitching. Because the elbow is least stable
(most lax) at roughly 30° flexion, pitching a sidearm
pitch, which is performed with less elbow flexion,
may place an even greater stress on the ligaments and
may require greater dynamic stabilization. With a
usual pitching motion that flexes the elbow to 90°

during the cocking and acceleration phases, the strain
within the AMCL is greater at 90° than at 30° (greater
strain has a stabilizing effect on the medial elbow). A
regular pitch will not allow as much valgus laxity or
internal rotation to occur compared with a side arm
pitch. For that reason, side arm pitching may require
the pitcher to provide more muscle activity to stabi-
lize the arm compared with overhead pitching.

LATERAL LIGAMENT COMPLEX

The lateral ligamentous complex consists of 3 com-
ponents: the lateral ulnar collateral ligament (LUCL),
radial collateral ligament (RCL), and accessory lateral
collateral ligament (Fig. 7). The LUCL is the primary
lateral stabilizer and originates on the lateral epi-
condyle inserting on the supinator crest of the ulna.
The fan-shaped RCL originates from the lateral epi-
condyle and coalesces with the annular ligament.
Functionally, the RCL assists in stabilizing the
humeroulnar articulation.™

The accessory lateral collateral ligament assists in
varus stabilization and connects the tubercle of the
supinator crest and the annular ligament.”> Often
grouped with the lateral ligamentous complex is the
annular ligament that originates and inserts anteriorly
and posteriorly to the ulnar radial notch.”” The
annular ligament provides radial head stabilization
throughout the pronosupination motion.”*
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FIGURE 5: Greater AMCL strain leads to greater stability. Between 20° and 80° flexion; there is a nearly linear increase in AMCL

strain. The elbow is most lax at 30° elbow flexion.

The LUCL has been considered the primary sta-
bilizer; disruption has a crucial role in the develop-
ment of posterolateral rotatory instability.”* However,
these cadaver-based biomechanical findings were
called into question by other studies in which the
LUCL was sectioned without causing posterolateral
rotatory instability. One study noted that sequential
sectioning of the LUCL did not impart laxity as long
as the RCL remained intact.” >’

Several cadaveric biomechanical studies found
the LUCL to be isometric, with its length changing
little during elbow flexion around an axis of rotation
that passed through the center of the capitellum.”'"
An in vivo study suggested that the LUCL is not
isometric; rather, it is relatively loose in elbow
extension and becomes tight with elbow flexion as
its path courses around the osseous protrusion of the
lateral condyle. The RCL does not have to contend
with the lateral epicondyle and remains isometric,

which makes it perhaps a primary stabilizer for the
elbow.”

Although the relative roles of both ligaments
remain without consensus, it is the LUCL that is
successfully reconstructed to treat posterolateral

rotatory instability of the elbow.”’

CONCLUSION

The elbow soft tissue stabilizers represent complex
and critical contributors to elbow stability. An un-
derstanding of their anatomy and biomechanics is
important because of the substantial varus and valgus
forces to which elbows are subjected.

Current investigation is driven by the rising number
of ligament reconstructions being performed on the
medial side of the elbow. It is as important to prevent
the medial soft tissue damage that leads to the cycle of
increasing valgus laxity that leads to ulnar internal
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FIGURE 6: The AMCL is the primary restraint to valgus stress. Pitching leads to AMCL microtrauma, which results in valgus laxity and
internal rotation of the ulna. The lateral olecranon sees increased contact with the distal humerus and a greater lever arm results in even

more force transmitted to the AMCL. A vicious cycle ensues.
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FIGURE 7: The lateral collateral ligament consists of the LUCL, the RCL, the accessory lateral collateral ligament, and the annular
ligament. The LUCL is a primary ligamentous stabilizer to varus stress and tightens during flexion. The radial collateral ligament
stabilizes the humeroulnar articulation and is shown to be more isometric.
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rotation and greater moment arms as it is to identify
the best method of ligament reconstruction to treat an
unstable elbow. Restriction of pitching during youth
baseball has received substantial attention and may be
an effective tool to prevent the cycle of valgus insta-
bility. Detailed knowledge of the biomechanics of soft
tissue stabilizers will advance surgical treatments and
aid in the development of new elbow prostheses.
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