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ABSTRACT

This preliminary study of four elbow specimens inves-
tigates the relationship of articular geometry and liga-
mentous structures in providing stability to the elbow
joint. A technique is presented that describes the con-
straining features of varus-valgus and distraction in
extension and at 90&deg; of elbow flexion. Valgus stability
is equally divided among the medial collateral ligament,
anterior capsule, and bony articulation in full extension;
whereas, at 90&deg; of flexion the contribution of the ante-
rior capsule is assumed by the medial collateral ligament
which provides approximately 55% of the stabilizing
contribution to valgus stress. Varus stress is noted to
be resisted primarily by the anterior capsule (32%) and
the joint articulation (55%) with only a small (14%)
contribution from the radial collateral ligament. At 90&deg;
of flexion, little change is noted in the contribution to
the radial collateral ligament (9%), but the anterior

capsule offers only 13%, with the remaining stability
(75%) arising from the joint articulation. In extension,
the soft tissue resistance to distraction is provided
minimally by either the radial (5%) or the medial (5%)
collateral ligaments, and thus primarily originates from
the anterior capsule (85%). At 90&deg; of flexion, however,
the capsule offers virtually no resistance to distraction
(8%). The radial collateral ligament contributes 10% of
the stability, while the medial collateral ligament ac-
counts for 78% of the resistance to distraction in this
position.
Too few specimens have been studied to form any

conclusions for direct clinical applications at this time.
However, the technique provides a reliable tool with
additional studies for different positions and loading

conditions underway. These efforts should disclose
useful information that might be applied to the manage-
ment of chronic elbow instability, radial head or olecra-
non fracture, the design and implantation of elbow

prostheses, or provide a rationale for other reconstruc-
tive procedures.
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The role of the ligaments in providing joint stability is

influenced by the amount and type of joint motion and by
the stabilizing features of the joint articulation. The liga-
mentous contribution to knee stability is of paramount
clinical importance and has been exhaustively studied clin-
ically and experimentally. 1, 7,11 In the upper extremity, some
recent investigations have been performed on the role of the
glenohumeral ligaments in shoulder stability.&dquo; Unlike the
shoulder, the elbow joint is inherently stable because of the
anatomy of the articulation. Elbow dislocation is usually a
high-energy episode with severe soft tissue injury. Residual
loss of motion is common, but recurrent instability is rare.
Instability is more frequent with associated injuries; for

example, fracture of the radial head associated with dislo-
cation of the ulnohumeral joint. Recently, a less recognized
entity of mild, but symptomatic, instability due to a relaxed
medial collateral ligament has been appreciated (F. Jobe,
personal communication). This symptom complex is usually
seen in the throwing athlete.
The interrelationship of the articular surface and liga-

mentous constraints of the elbow has not, to our knowledge,
been previously studied. Because these data have significant
clinical implications, we have analyzed this relationship.
The goals of this report are, first, to describe the technique
which has been developed and that has proven a reliable
means of testing various aspects of elbow stability and,
second, to demonstrate the interrelationship between the
soft tissue and the articular surface in providing varus-
valgus stability and the contribution of the soft tissue to
resist distraction of the elbow joint.
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MATERIALS AND METHODS

Four unembalmed cadaver specimens were transected at the
midhumerus and frozen until used. The soft tissue was

carefully dissected from the elbow joint so that the anterior
capsule and the medial and lateral collateral ligament com-
plexes were preserved. The triceps was transected at its

insertion on the olecranon. The distal 12 cm of the humerus
and the proximal 12 cm of the forearm, placed in neutral
rotation, were embedded in an aluminum tube and secured
with bismuth alloy (Cerro-Bend, The Satterlee Co., Minne-
apolis, MN). Each aluminum cylinder was inserted into a
specially designed fixture that allowed adjustment with 6°
of freedom: three rotation and three translational compo-
nents (Fig. 1). This freedom allowed alignment of the joint
at different elbow flexion angles and at the prescribed load
application. The fixtures were then attached to the material
testing machine (MTS System Corp., Minneapolis, MN) as
demonstrated in Fig. 1.
To determine the contribution of the articular surface and

the medial and lateral collateral ligaments, as well as the
joint capsule, the elbow was displaced by the same discrete
amount in varus and valgus. Distraction and the resistance
generated in the load cell were recorded. As each ligament
or structure was released, the resistance decreased (Fig. 2).
This technique, described by Noyes et aI., 1,11 is particularly
suited for this study since imparting the same displacement
after each ligament release provides a technique that is

independent of the sequence of the ligament cuts. This is in
contrast to the technique which has been described by
Markolf et al.’ in which the load is held constant and
variable amounts of displacement are used to describe the
changes in the system. This type of test procedure is de-
pendent upon the sequence of the ligament release and
presupposes a knowledge of the primary and secondary, the
more or less important, stabilizers. Since such information
is not available for the elbow joint and the present report is
the first such attempt to elucidate this relationship, the
constant displacement technique was employed.
As the varus-valgus or distraction displacement was ap-

plied to the joint, the displacement arc and loads were
monitored by the displacement and force transducers. The
analog signals were recorded by an X-Y plotter, a strip chart
recorder, and a digital computer through an analog to digital
converter.

RESULTS

The results of this investigation may be divided according
to the three modes of displacement: valgus, varus, and
distraction. The results of the valgus tests of the four spec-
imens are demonstrated in Table 1. The restraining ele-
ments include soft tissue and osseous structures (see also
Tables 2 and 3). The soft tissue constraints include, for
valgus displacement, the medial collateral ligament and the
anterior capsule. It is noted that with the elbow in extension,
an equal contribution of the medial collateral ligament,
anterior capsule, and joint articulation was exhibited. With

Figure 1. A, specimen mounted to test fixture. B, specimen
mounted to the MTS machine.
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Figure 2. A, typical load-displacement curve of specimen
tested m 0° of extension. B, typical load-displacement curve
of specimen tested in 90° of flexion.

TABLE 1

Contribution to resist applied valgus stress’

° Mean percent, four specimens.
b Medial collateral ligament.

the elbow at 90° of flexion, however, the contribution of the
anterior capsule to resist valgus stress was assumed by the
medial collateral ligament. The contribution of the articu-
lation did not change.

Resistance to varus stress was, likewise, divided between
the soft tissue constraints, which include the lateral collat-
eral ligament, the anterior capsule, and the osseous struc-
tures which form the joint articulation (Table 2). When the
elbow is in full extension, approximately half of the stability
is realized from the soft tissue constraints and the remainder

TABLE 2
Contribution to resist applied varus stress’

a Mean percent, four specimens.
b Lateral collateral ligament.

TABLE 3
Contribution to resist joint distraction°

° Mean percent, four.
b Medial collateral ligament.
‘ Lateral collateral ligament.

from the joint articulation. During flexion, however, the
decreased contribution of the anterior capsule is absorbed,
not by the radial collateral ligament as was the case with
the valgus stress and medial collateral ligament, but rather
was observed to be provided by the joint articulation. Thus,
75% of the resistance to varus stress with the elbow at 90°
is provided by the joint, and only approximately 20% of the
soft tissue constraints.

Resistance to joint distraction is entirely provided by the
passive soft tissue static constraints, including the medial
and lateral collateral ligaments and the joint capsule. As
anticipated, with the elbow in full extension virtually all the
resistance to the anterior displacement of the humerus,
which represents the distraction direction in this position,
is provided by the anterior capsule (Table 3). An equal
contribution of approximately 5% was observed for the
medial and lateral collateral ligaments. At 90°, however,
once again the medial collateral ligament offered 78% of the
resistance to the applied load demonstrating its central role
as the primary stabilizer of the elbow in this mode of testing.

DISCUSSION

The significance of this study consists in the description of
a technique to study elbow stability, and the quantification
of the relative contribution of the ligaments and articular
surface to varus-valgus and distraction stability.

Technique

The technique of measuring load changes after selective
ligamentous release has been extensively studied in the
knee. 1, 7,11 Because of the unique characteristics of the elbow
and problems with joint alignment, force displacement stud-
ies of this joint are difficult and have not been previously



318

attempted. A specially designed fixture that provides 6° of
freedom allows the necessary adjustment to properly align
the specimen at different angles of elbow flexion, thus allow-
ing investigation of the stability of this joint with the MTS
testing machine. Any change in the angle of the elbow
flexion will change the axis about which the displacement is
occurring which introduces another variable into the anal-
ysis. Increased reliability may be obtained by studying one
flexion angle for each specimen. Although improving the
reliability, this constraint requires a different specimen for
each part of the investigation, thus limiting the absolute
number of extremities studied. Therefore, while only four
specimens were studied, because of the consistent nature of
the patterns generated, the data are felt to be valid, or at
least representative.

Stabilizing elements and clinical correlation

The elbow is one of the most congruous joints of the body
and, as such, is inherently stable. However, dislocations do
occur, usually from severe trauma and often with associated
fractures of the coronoid process or the radial head.’ In

patients less than 20 years of age, avulsion of the epicondyle
is a recognized complication of elbow dislocation.6,9 The
rarity of recurrent dislocation of the elbow has caused this
entity to be poorly understood. Some have advocated dy-
namic muscle or tendon transfers to stabilize the joint,5 5
whereas others have emphasized the stabilizing role of the
anterior capsule and the brachialis muscle.2 Our data suggest
that the anterior capsule can be a significant stabilizing
element to varus-valgus stress in extension, but does not
contribute to this stability in 90° of flexion.

Previous procedures using bone blocks were unsuccessful’
because the essential pathologic features of the recurrent
dislocation were not due to inadequate congruity of the joint,
but rather a result of ligamentous deficiency. Subsequent
procedures were directed at reconstructing the radial collat-
eral ligament since the common position of dislocation, that
is posterolateral, was believed to represent disruption of the
lateral, or radial, collateral ligament.’, 12-15
Although the radial collateral ligament complex is dis-

rupted in elbow dislocations and is obviously important, we
feel our data confirm the medial collateral ligament, specif-
ically the anterior band, to be the primary stabilizer of the
elbow. This has been demonstrated by observation that the
function of the anterior capsule to stabilize the elbow is

assumed by the medial collateral ligament as the elbow goes
from extension to flexion. The radial collateral ligament, on
the other hand, appears to assume none of the stabilizing
component of the anterior capsule. Until recently, little
attention was paid to the ulnar collateral ligament except
for the early work of Gutierrez,3 who emphasized the role of
the anterior band of the ulnar collateral ligament in limiting
elbow extension. In throwing injuries, Tullos and
associates16 recognized the stabilizing importance of the
ulnar collateral ligament and the congruity of the lateral
aspect of the joint. The position of the elbow studied in this
experiment is not that position which is normally under the

greatest stress during the throwing manuever, so no direct
comments can be made with regard to throwing injuries.
However, the inherent stabilizing contribution of the liga-
ments, specifically the ulnar collateral ligament, is quanti-
tiated experimentally.
These data reinforce what is becoming better recognized

clinically. That is, the ulnar collateral ligament is the key-
stone of the stability of the elbow joint. The clinical signif-
icance of the ulnar collateral ligament has also been empha-
sized by Schwab and associates’3 and Norwood et al.10 Our
data provide quantitative information on the relative con-
tribution of the ligaments and the articular surface to resist
varus and valgus stresses in flexion and extension, as well
as the relative contribution of these structures to resist
distraction at the elbow. Based on these observations, the
primary soft tissue stabilizer of the elbow appears to be the
medial collateral ligament, both with respect to valgus stress
and to resist distraction. The radial collateral ligament is
primarily effective in extension to resist varus stress, but
plays little role in any other stabilizing function.
The contribution of the anterior capsule to elbow stability

has not been discussed to any great extent. Norwood et al.lo
have suggested that the anterior capsule is important to
elbow stability, even to the point that consideration be given
to its primary repair. Because this structure has a tendency
to heal with fibrosis and contracture, we do not feel as

though our data support the acute repair of the anterior
capsule. We do feel as though the stabilizing contribution of
the anterior capsule should be recognized with its clinical
manifestation, most frequently being that of elbow contrac-
ture following injury.
This investigation should be considered preliminary be-

cause additional modes of displacement, specimens, and
positions are required to more fully understand the precise
contribution of these structure to elbow stability. A more
extensive delineation of the articular contribution to elbow

stability, specifically the ulnohumeral and radiohumeral ar-
ticulation, is underway. As such information becomes avail-
able, the full interrelationship of the articular geometry and
the static constraints may be appreciated. These data will
then provide a scientific basis for clinical practice.
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DISCUSSION

Frank W. Jobe, MD, Inglewood, California: I am pleased
to discuss this paper for several reasons. First of all, I think
the work was very well done; therefore, I have no difficulty
in praising it. Furthermore, the fact that the resultant in-
formation confirms my clinical impressions regarding elbow
instability in throwing pleases me, and makes it even more
gratifying to review this paper.
The following comments may sound a little overcritical,

but they do not affect the conclusions of the paper. For the
sake of completeness we should list them:
-The elbow was studied only at full extension and at 90°

flexion. The more usual position of function and the position
at which more clinical problems originate is 20 to 30° flexion.
Therefore, it may be helpful, certainly more enlightening, to
repeat these investigations in this range.

-This is a selective cutting study with the ligaments on all
specimens sectioned in the same order. It might have been
more advantageous to vary the order of sectioning of the
ligaments; this would have allowed greater confidence in
assigning values to the various ligaments.
-There was no mention made of the amount of preload

applied to the specimens in the MTS testing apparatus. This
measurement, perhaps not considered important, could be
an important factor in a subsequent test. I would like to
know the method of determining an appropriate preload in

a nonweightbearing joint. That is, what is the level that

corresponds to physiologic loading?
-Another point which might be interesting, although it is

not in the scope of this study, concerns testing a specimen
after resection of the radial head. This is a commonly done
operation for the comminuted fractures and, with the medial
collateral ligament intact, there would be a little more light
on the true role of the radial head. In addition, it would aid
us in the attempt to design a radial head prosthesis.

I certainly concur with the authors’ conclusion regarding
the role of ligamentous insufficiency in recurrent instability
of the elbow. Further, I agree in assigning a minor role to
the radial collateral ligament in the pathology of recurrent
dislocation and in the activities of daily living, for that
matter. The authors found that the elbow was stiffer to
varus stress in extension, but resisted valgus stress more in
flexion. This tends to confirm our impression that, although
the elbow has inherent stability as the result of its osseous
structure, the ligaments, significantly the medial collateral
ligament, are the important stabilizers of the elbow in any
throwing mechanism. That is to say that with the elbow in
a position of function, 20 to 60° of flexion, the medial
collateral ligament is of paramount importance.
Most importantly, for the throwing arm, the authors offer

that the anterior oblique portion of the medial collateral
ligament is the prime ligamentous stabilizer. Therefore, the
posterior oblique portion is less important. We concur in
this, but must point out that their data does not directly
support this conclusion since they did not cut that out of
the ligament as an isolated part of the study.

This is an excellent study which confirms many of our
clinical impressions; rigorous engineering techniques and
methodology were used.

Authors’ Reply: We would like to express our appreciation
to Dr. Jobe for his very thoughtful and thorough critique of
our effort, and find that we concur with the essence of his
observations. The published report is currently being ex-
panded to include measurement in different degrees of flex-
ion and different sectioning techniques and sequence; se-
lective excision of the radial head is likewise being studied.
With respect to the preload of the specimen, each experi-
ment was performed with essentially no load being imparted
across the joint. The amount of load that was distributed to
the system was not predetermined but, rather, occurred as
a result of a given amount of displacement which varied
from specimen to specimen, but did not attain physiologic
levels.

It is hoped that this information will provide a first step
for more complete investigations with greater direct clinical
application.


