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Dynamic Contributions of the 
Flexor-Pronator Mass 

to Elbow Valgus Stability
BY MAXWELL C. PARK, MD, AND CHRISTOPHER S. AHMAD, MD 

Investigation performed at the Center for Shoulder, Elbow and Sports Medicine, 
Department of Orthopaedic Surgery, Columbia University Medical Center, New York, NY

Background: Previous studies have indicated that the demands placed on the medial ulnar collateral ligament of the
elbow when it is subjected to valgus torque during throwing exceed its failure strength, which suggests the necessary
dynamic contribution of muscle forces. We hypothesized that the flexor-pronator mass assists the medial ulnar collat-
eral ligament in stabilizing the elbow against valgus torque. 

Methods: Six cadaveric elbows were tested at 30° and 90° of flexion with no other constraints to motion. A full me-
dial ulnar collateral ligament tear was simulated in each elbow. Muscle forces were simulated on the basis of the cen-
troids and physiological cross-sectional areas of individual muscles. The biceps, brachialis, and triceps were
simulated during flexor carpi ulnaris, flexor digitorum superficialis, flexor digitorum superficialis and flexor carpi ul-
naris, and pronator teres-loading conditions. Kinematic data were obtained at each flexion angle with use of a three-
dimensional digitizer.

Results: Release of the medial ulnar collateral ligament caused a significant increase in valgus instability of 5.9° ±
2.4° at 30° of elbow flexion and of 4.8° ± 2.0° at 90° of elbow flexion (p < 0.05). The differences in valgus angulation
between each muscle-simulation condition and the medial ulnar collateral ligament-intact condition were significantly
different from each other (p < 0.05), except for the difference between the flexor carpi ulnaris contraction condition
and the flexor digitorum superficialis-flexor carpi ulnaris co-contraction condition. This co-contraction provided the
most correction of the valgus angle in comparison with the intact condition at both 30° and 90° of elbow flexion
(1.1° ± 1.8° and 0.38° ± 2.3°, respectively). Simulation of the flexor carpi ulnaris alone provided the greatest reduc-
tion of the valgus angle among all individual flexor-pronator mass muscles tested (p < 0.05), whereas simulation of
the pronator teres alone provided the least reduction of the valgus angle (p < 0.05). 

Conclusions: The flexor-pronator mass dynamically stabilizes the elbow against valgus torque. The flexor carpi ul-
naris is the primary stabilizer, and the flexor digitorum superficialis is a secondary stabilizer. The pronator teres pro-
vides the least dynamic stability. 

Clinical Relevance: The flexor-pronator mass is capable of contributing valgus stability to the elbow. When consider-
ing injury prevention, surgical techniques, and rehabilitation in throwing athletes, the physician should give particular
attention to optimizing the function of the flexor carpi ulnaris and flexor digitorum superficialis.

umerous studies have shown that the medial ulnar
collateral ligament of the elbow is the primary static
stabilizer to valgus stress1-4. This structure is particu-

larly important in overhead throwing athletes, who place tre-
mendous repetitive valgus forces across the elbow during the
late cocking and acceleration phases of throwing. In baseball
pitchers, these valgus forces have been estimated to be 120
Nm5. These repetitive forces may lead to microtrauma and
failure of the medial ulnar collateral ligament over time2,4,6 .
Werner et al.5 estimated that the tensile forces that are resisted
by both the dynamic and static stabilizers of the medial part of

the elbow are 290 N. Fleisig et al.7 estimated that the demand
on the medial ulnar collateral ligament that is necessary to re-
sist valgus moments during pitching is 35 Nm. Laboratory
studies have demonstrated that these demands approach and
may exceed the failure strength of the medial ulnar collateral
ligament8,9. Ahmad et al.9 reported that 34 Nm of valgus
torque caused failure of the medial ulnar collateral ligament in
cadaveric specimens from young donors. In another labora-
tory study, Regan et al.10 observed that failure of the anterior
bundle of the medial ulnar collateral ligament occurred at a load
of 261 N. These discrepancies between the estimated valgus load

N
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and torque requirements for throwing and actual failure
strength suggest that other sources, in addition to the medial ul-
nar collateral ligament, may contribute to valgus stability. 

Although the role of dynamic muscle contributions to
shoulder stability has been well studied with use of cadaveric
models11-13, such investigations for the elbow have been lacking.
To our knowledge, Morrey et al.14 were the first to examine the
role of dynamic muscle contributions to valgus stability of the
elbow by simulating the biceps, brachialis, and triceps mus-
cles in a cadaveric model. Davidson et al.15, in a cadaveric
study, suggested that the flexor carpi ulnaris contributes to
dynamic valgus stability of the elbow because of its optimal
position in line with the medial ulnar collateral ligament.
Clinical electromyographic studies have shown that pitchers
with symptomatic valgus instability have decreased flexor-
pronator mass activity when pitching, which also suggests the
role of a dynamic muscle contribution to elbow stability16,17.
An et al.18, in a biomechanical analysis of the functional anat-
omy of the elbow, theoretically predicted a role for the flexor-
pronator mass as a valgus stabilizer. While these studies have
suggested the dynamic contribution of the flexor-pronator
mass to valgus stability of the elbow, no study has directly
confirmed this dynamic contribution.

We hypothesized that the flexor-pronator mass dynami-

cally assists the medial ulnar collateral ligament in stabilizing
the elbow against valgus torque, with the flexor carpi ulnaris
being the primary dynamic stabilizer. 

Materials and Methods
ix fresh-frozen cadaveric elbow specimens from adults (one
woman and five men) were dissected free of all soft tissues

except for the capsule, ligaments, and muscle tissue overlying
the lateral collateral ligament complex. Three specimens were
from the right side, and three were from the left. The ages of
the donors at the time of death were not available. Visual in-
spection revealed no articular degenerative changes. 

The humerus, radius, and ulna of each specimen were
osteotomized 14 cm from the joint line and were rigidly fixed
within polyvinylchloride pipe with plaster. The radius and
ulna were fixed in neutral rotation, as in other studies3,15,19-21.
The elbows were placed in a testing apparatus that rigidly
fixed the humerus and allowed elbow flexion of 30° and 90°
with no other constraints to motion (Fig. 1). A gravity valgus
position was used by placing the humerus horizontal to the
floor, with the radius inferior and the ulna superior14. A
smooth steel rod was attached to the polyvinylchloride pipe
that was fixed to the forearm; the steel rod-holding apparatus
was 27 cm long and weighed 3.9 N. A positioning device held

S

Fig. 1

Illustration depicting the experimental testing apparatus, with the el-

bow oriented in the horizontal plane (with the medial side superior). 

The testing apparatus rigidly fixed the humerus and allowed elbow flex-

ion of 30° and 90°, with no other constraints to motion MUCL = medial 

ulnar collateral ligament. 

Fig. 2

Illustration depicting the eyelets with nylon cords that were used to 

simulate the muscle activity of the biceps, brachialis, and triceps. 
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the steel rod at the desired flexion angles. The polyvinylchlo-
ride pipe-steel rod assembly created a 1.25-Nm moment
across the elbow, which was similar to the moment of 1.5 Nm
described by Sojbjerg et al.3. 

Eyelet screws were placed in line with the flexor carpi
ulnaris, flexor digitorum superficialis, pronator teres, biceps,
brachialis, and triceps at the muscle origins and muscle belly
centroids. Placement of the eyelets was performed by direct
visual inspection of the muscles as described by An et al.18.
Loading was achieved by attaching free weights to monofila-
ment nylon cords that were passed through the eyelets (Figs. 2,
3, and 4), similar to the method described by Morrey and col-
leagues in previously reported cadaveric elbow studies14,22,23. 

Testing was performed with a medial ulnar collateral
ligament-intact condition and with a medial ulnar collateral
ligament-insufficient condition. The latter condition was
achieved by resecting the deep fibers of the anterior bundle
from the site of humeral attachment. The majority (68%) of
complete medial ulnar collateral ligament tears in throwing
athletes have been reported to occur proximally24. After resec-
tion, at least 3 mm of joint-space opening was created at 30° of
elbow flexion in all specimens.

An et al.18 previously reported the physiological cross-

sectional areas of the muscles that were simulated in the
present study. The cross-sectional areas provide a measure of
each individual muscle’s force-generating potential. The rela-
tive potentials of simulated muscles can be calculated with use
of the ratios of the cross-sectional areas. The ratios can be
used to calculate loading simulations for co-contractions. This
load-magnitude selection method is consistent with those de-
scribed in previously published studies on the upper extremity
in which co-contractions were simulated11,25,26. For all of the
loads in the current study, lead beads were placed in contain-
ers that were attached to the nylon cords representing each
muscle. The lead beads were titrated to the amounts necessary
to match the calculated load ratios. 

All muscle simulations were performed on medial ulnar
collateral ligament-insufficient elbows. The containers with
lead beads were used to create loads of 10.0 N, 2.45 N, and 3.72
N for the triceps, biceps, and brachialis, respectively. These
elbow flexor and extensor muscle forces cause ulnohumeral
joint compression. This ulnohumeral compression is in con-
trast to the varus moments that are caused by the flexor carpi
ulnaris, flexor digitorum superficialis, and pronator teres, which
were simulated with 15.0-N loads in order to compare their
relative contributions to valgus stability of the elbow. For one
phase of the experiment, the flexor digitorum superficialis

Fig. 3

Illustration depicting the eyelets with nylon cords that were used to 

simulate the muscle activity of the flexor digitorum superficialis (FDS) 

and flexor carpi ulnaris (FCU). 

Fig. 4

Illustration depicting the eyelets with nylon cords that were used to 

simulate the muscle activity of the pronator teres (PT). 
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and flexor carpi ulnaris were loaded together. On the basis
of proportions derived from data on the physiological cross-
sectional areas of the muscles18, it was determined that, for 15.0
N of flexor digitorum superficialis contraction, 7.87 N of flexor
carpi ulnaris co-contraction would be required. 

For all elbow conditions, three points in space along
the forearm, relative to three points along the humerus, were
digitized in order to obtain kinematic data with use of a
three-dimensional coordinate measuring machine (Micro-
Scribe; Immersion, San Jose, California). The valgus angle
was calculated from the digitized points at both 30° and 90° of
elbow flexion under several conditions: (1) no loading of the
medial ulnar collateral ligament-intact elbow, (2) no loading
of the medial ulnar collateral ligament-insufficient elbow,
(3) co-contraction of the biceps, brachialis, and triceps, (4)
contraction of the flexor carpi ulnaris, (5) co-contraction of
the flexor digitorum superficialis and flexor carpi ulnaris, (6)
contraction of the flexor digitorum superficialis, and (7) con-
traction of the pronator teres. For each of the flexor-pronator
mass conditions tested, the biceps, brachialis, and triceps
were simulated concomitantly. After the medial ulnar collat-
eral ligament was resected, the order of testing was performed
randomly. 

 Statistical Methods
All conditions were tested in the same specimen; thus, statisti-

cal analysis was performed with use of a two-factor analysis
of variance with repeated measures on both factors. The two
factors were the muscle-loading condition (i.e., flexor carpi
ulnaris, flexor digitorum superficialis-flexor carpi ulnaris,
flexor digitorum superficialis, and pronator teres activities
performed in association with concomitant biceps, brachialis,
and triceps activities) and the elbow flexion angle (30° and
90°). The valgus angle was considered to be the dependent
variable. When an elbow condition was found to be signifi-
cant with use of a two-factor analysis of variance (p < 0.05),
a Student-Newman-Keuls multiple-comparisons test was used
to detect significant differences between the muscle-loading
conditions. Each condition represents a difference in the val-
gus angle relative to that in the medial ulnar collateral liga-
ment-intact elbow. 

Results
he valgus angle was measured with the medial ulnar col-
lateral ligament-intact condition serving as an internal

control for each specimen; Figures 5-A and 5-B show the dif-
ferences in valgus angles relative to this condition. Release of
the medial ulnar collateral ligament caused 5.9° ± 2.4° of val-
gus instability at 30° of elbow flexion and 4.8° ± 2.0° of valgus
instability at 90° of elbow flexion (as shown by the bar labeled
“No load” in Figs. 5-A and 5-B).

When the differences in the valgus angle between each

T

Fig. 5-A

Figs. 5-A and 5-B Illustration showing the means and standard deviations for the valgus angles as differences from the medial ulnar collateral 

ligament-intact condition during the experimental simulations at 30° (Fig. 5-A) and 90° (Fig. 5-B) of elbow flexion. The medial ulnar collateral liga-

ment was insufficient during all simulations, which included (1) no loading of any muscles (No load), (2) biceps-brachialis-triceps (BBT) co-contraction, 

(3) flexor carpi ulnaris (FCU) contraction, (4) flexor digitorum superficialis-flexor carpi ulnaris (FDS/FCU) co-contraction, (5) flexor digitorum superfi-

cialis (FDS) contraction, and (6) pronator teres (PT) contraction. All conditions (except for the flexor carpi ulnaris contraction and the flexor digitorum 

superficialis-flexor carpi ulnaris co-contraction) were significantly different from each other at both flexion angles. For all flexor-pronator mass 

simulations, the biceps, brachialis, and triceps were concurrently simulated. * = no significant difference. 

Fig. 5-B
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muscle-loading simulation and the medial ulnar collateral lig-
ament-intact condition were compared at both 30° and 90° of
elbow flexion, the differences for each simulation were sig-
nificantly different from each other (p < 0.05) except when the
flexor carpi ulnaris contraction was compared with the flexor
digitorum superficialis-flexor carpi ulnaris co-contraction
(Figs. 5-A and 5-B). Simulation of the flexor carpi ulnaris
muscle alone reduced the valgus angle more than did simula-
tion of the flexor digitorum superficialis alone (p < 0.05). The
flexor digitorum superficialis-flexor carpi ulnaris co-contraction
provided the most correction of the valgus angle compared
with the medial ulnar collateral ligament-intact condition at
both 30° and 90° of elbow flexion (1.1° ± 1.8° and 0.38° ± 2.3°,
respectively); these results were significantly different from
those following simulation of the flexor digitorum superficia-
lis alone at both flexion angles (p < 0.05). Simulation of the
pronator teres alone reduced the valgus angle (p < 0.05) but
was the least effective of the flexor-pronator muscle mass sim-
ulations tested. Simulation of the flexor carpi ulnaris alone
provided the most reduction of the valgus angle among all of
the individual muscles that were tested, with reduction of the
valgus angle to 1.4° ± 1.0° at 30° of elbow flexion and to 1.3° ±
2.0° at 90° of elbow flexion. 

Discussion
ased on the results of numerous studies that have revealed
discrepancies between the static failure strength of the me-

dial ulnar collateral ligament and the estimated demands that
are placed on the medial part of the elbow during pitching5,7-10,
the hypothesis that the flexor-pronator mass contributes to
valgus stability of the elbow was tested. Our results demon-
strated that simulated contraction of the flexor carpi ulnaris,
at both 30° and 90° of elbow flexion, provided the greatest sta-
bility to the medial ulnar collateral ligament-insufficient el-
bow when compared with the loading of other individual
flexor-pronator mass muscles. Simulated co-contraction of
the flexor digitorum superficialis and flexor carpi ulnaris pro-
vided comparable dynamic stability to simulated contraction
of the flexor carpi ulnaris alone. These findings are consistent
with those reported by Davidson et al.15, who showed that the
flexor carpi ulnaris is optimally positioned to provide support
directly in line with the medial ulnar collateral ligament, with
the flexor digitorum superficialis in a slightly less advanta-
geous location.

In the study by Glousman et al.17, electromyographic
analysis showed that the pronator teres had decreased activity
in pitchers with medial ulnar collateral ligament insufficiency,
suggesting that this asynchronous muscle action may predis-
pose the elbow joint to further injury. In the study by Hamil-
ton et al.16, electromyographic analysis showed decreased
activity in the flexor-pronator group in pitchers with valgus
instability; the flexor carpi ulnaris had decreased activity dur-
ing all pitching phases in athletes with medial ulnar collateral
ligament injury compared with those with normal elbows,
whereas the flexor digitorum superficialis showed no change
between the groups. On the basis of these electromyographic

findings, the authors concluded that the flexor-pronator mass
does not provide dynamic stability in the medial ulnar collat-
eral ligament-insufficient elbow. They added, however, that it
remains unclear whether these muscles have impaired firing
before medial ulnar collateral ligament injury. Another theory,
not directly stated in their study, is that flexor-pronator mass
injury occurs before or concurrently with medial ulnar col-
lateral ligament injury. Therefore, these electromyographic
results16,17 suggest that valgus instability may be more symp-
tomatic when dynamic muscle forces are not optimally func-
tioning. Our in vitro results, which suggest that the flexor
carpi ulnaris is a primary dynamic stabilizer of the medial part
of the elbow, are consistent with this theory.

Numerous studies have shown that a certain percent-
age of patients with a medial ulnar collateral ligament tear
have a flexor-pronator mass injury4,27-29. Conway et al.4 re-
ported that a rupture in the substance of the flexor-pronator
mass near its origin on the medial epicondyle was observed at
the time of operative treatment in nine (13%) of seventy el-
bows in pitchers with medial ulnar collateral ligament failure.
These studies highlight the possibility of concomitant injury
to the flexor-pronator mass in pitchers with valgus instability.
The fibers of the flexor carpi ulnaris are intimately attached to
the medial ulnar collateral ligament and therefore flexor carpi
ulnaris injury in the setting of medial ulnar collateral liga-
ment insufficiency may be obligatory, at least to a certain degree,
according to these studies4,27-29. Our finding that the flexor
carpi ulnaris is a primary dynamic stabilizer suggests that the
degree of flexor carpi ulnaris dysfunction may correlate clini-
cally with symptoms of instability and pain in athletes such as
pitchers who repetitively exert an overhead throwing motion.

The importance of the flexor-pronator mass has been
highlighted by investigators who have advocated limiting dis-
section of the flexor-pronator mass during reconstruction of
the medial ulnar collateral ligament9,30,31. Smith et al.30 defined
a safe zone, designed to minimize nerve injury, through the
posterior one-third of the common flexor mass. Thompson et
al.31 evaluated eighty-three athletes with medial elbow insta-
bility who had undergone medial ulnar collateral ligament
reconstruction with a muscle-splitting approach without
transposition of the ulnar nerve and showed that 93% had an
excellent result. Ahmad et al.9 described a new medial ulnar
collateral ligament reconstruction technique involving inter-
ference screw fixation and emphasized the advantage of a lim-
ited muscle-splitting approach. Our results demonstrate the
importance of the flexor carpi ulnaris and the flexor digi-
torum superficialis and further emphasize the importance of
reducing muscle morbidity during surgical approaches. 

Several limitations of our study must be considered.
While muscle simulation was performed according to physio-
logical cross-sectional area18, these magnitude ratios may be
greatly exceeded during pitching. Similar to Morrey et al.14, we
used muscle forces that were below physiologic loads, with the
goal of demonstrating relative muscle contributions to valgus
stability. Our results demonstrate that the biceps, brachialis,
and triceps contribute to valgus stability by means of a joint

B
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compression effect as previously demonstrated by Morrey et
al.14. In contrast, the flexor-pronator mass provides stability
by means of direct muscle action with vectors that are optimally
positioned to resist valgus torque. Our results show that the
biceps, brachialis, and triceps simulations were significantly
different from the other conditions tested (Figs. 5-A and 5-B),
suggesting the independent role of the flexor-pronator mass in
valgus stability.

The elbow flexion angles in the present study were lim-
ited to 90° and 30° in order to examine the elbow at positions
that are representative of the pitching cycle (acceleration and
follow-through, respectively). Numerous investigators have
used 30° of elbow flexion for manual valgus instability testing
as this position helps to unlock the osseous configuration of
the relatively constrained ulnohumeral joint4,32,33. Sojbjerg et
al.3 revealed that the maximum valgus angles after transection
of the medial ulnar collateral ligament were found with the el-
bow in 60° to 70° of flexion. Other investigators have reported
that elbow flexion angles of between 60° and 75° are optimal
for revealing valgus instability arthroscopically33,34. Callaway et
al.20 showed that clinical testing for complete tears of the an-
terior bundle should be performed with the elbow in 90° of
flexion. In the current study, the number of elbow flexion an-
gles was limited in order to enhance preservation of the elbow
specimens during testing. The primary goal was to isolate the
effects of muscle-loading on the valgus angle.

 In our experiments, the forearm was fixed in neutral
rotation; however, pronation and supination have been re-
ported to influence valgus stability23,34,35. The possibility exists
that forearm rotation affects muscle action. However, in the
present study, this factor was held constant in order to isolate
the effects of muscle-loading on the valgus angle. Therefore,
neutral forearm rotation was tested in all specimens, as has
been the case in other studies3,15,19-21. The kinematics of the el-
bow during overhead throwing are complex, with various
pitches being associated with a spectrum of forearm rotation;
this variable requires additional study. 

Notably, the standard deviations for the results are at

times larger than the means themselves. This predictably oc-
curs secondary to the anatomic variability between specimens.
However, with the commonly used repeated-measures statisti-
cal analyses, each specimen can serve as an internal control.
Therefore, significance can exist, despite the expected varia-
tions in the valgus angle between different specimens.

In summary, based on in vitro biomechanical analyses,
the flexor carpi ulnaris and flexor digitorum superficialis can
provide significant dynamic stability to the elbow. The flexor
carpi ulnaris is the primary dynamic stabilizer, and the flexor
digitorum superficialis is a secondary stabilizer. In compari-
son, the pronator teres provides the least dynamic stability. In
addition, since both static ligaments and dynamic muscles ap-
pear to share the restraining forces to valgus torques, muscle
injury and dysfunction may explain the onset of symptoms in
throwers with underlying elbow laxity or insufficiency. When
considering injury prevention, surgical techniques, and re-
habilitation for athletes who perform overhead throwing
motions, the physician should give particular attention to op-
timizing the function of the flexor carpi ulnaris and flexor
digitorum superficialis muscles. �

NOTE: The authors thank Thomas R. Gardner, ME, for his assistance with the statistical analy-
ses. The figures were illustrated by Maxwell C. Park, MD.

References

1. Morrey BF, An KN. Articular and ligamentous contributions to the stability of 
the elbow joint. Am J Sports Med. 1983;11:315-9.

2. Jobe FW, Stark H, Lombardo SJ. Reconstruction of the ulnar collateral liga-
ment in athletes. J Bone Joint Surg Am. 1986;68:1158-63.

3. Sojbjerg JO, Ovesen J, Nielsen S. Experimental elbow instability after 
transection of the medial collateral ligament. Clin Orthop. 1987;218:186-90.

4. Conway JE, Jobe FW, Glousman RE, Pink M. Medial instability of the elbow 
in throwing athletes. Treatment by repair or reconstruction of the ulnar collat-
eral ligament. J Bone Joint Surg Am. 1992;74:67-83.

5. Werner SL, Fleisig GS, Dillman CJ, Andrews JR. Biomechanics of the elbow 
during baseball pitching. J Orthop Sports Phys Ther. 1993;17:274-8.

6. Andrews JR, Timmerman LA. Outcome of elbow surgery in professional 
baseball players. Am J Sports Med. 1995;23:407-13.

7. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of baseball 
pitching with implications about injury mechanisms. Am J Sports Med. 
1995;23:233-9.

8. Hechtman KS, Tjin-A-Tsoi EW, Zvijac JE, Uribe JW, Latta LL. Biomechanics 
of a less invasive procedure for reconstruction of the ulnar collateral ligament 
of the elbow. Am J Sports Med. 1998;26:620-4.

9. Ahmad CS, Lee TQ, ElAttrache NS. Biomechanical evaluation of a new ulnar 
collateral ligament reconstruction technique with interference screw fixation. 
Am J Sports Med. 2003;31:332-7.

10. Regan WD, Korinek SL, Morrey BF, An KN. Biomechanical study of ligaments 
around the elbow joint. Clin Orthop. 1991;271:170-9.

11. Blasier RB, Soslowsky LJ, Malicky DM, Palmer ML. Posterior glenohumeral 
subluxation: active and passive stabilization in a biomechanical model. J 
Bone Joint Surg Am. 1997;79:433-40.

12. Payne LZ, Deng XH, Craig EV, Torzilli PA, Warren RF. The combined dynamic 
and static contributions to subacromial impingement. A biomechanical analy-
sis. Am J Sports Med. 1997;25:801-8.

13. Wuelker N, Korell M, Thren K. Dynamic glenohumeral joint stability. J Shoul-
der Elbow Surg. 1998;7:43-52.

14. Morrey BF, Tanaka S, An KN. Valgus stability of the elbow. A definition of 
primary and secondary constraints. Clin Orthop. 1991;265:187-95.

15. Davidson PA, Pink M, Perry J, Jobe FW. Functional anatomy of the flexor 
pronator muscle group in relation to the medial collateral ligament of the 
elbow. Am J Sports Med. 1995;23:245-50.

16. Hamilton CD, Glousman RE, Jobe FW, Brault J, Pink M, Perry J. Dynamic 

Maxwell C. Park, MD
Kerlan-Jobe Orthopaedic Clinic, 6801 Park Terrace, Los Angeles, CA 
90045. E-mail address: mcp16@columbia.edu

Christopher S. Ahmad, MD 
Center for Shoulder, Elbow and Sports Medicine, Department of Ortho-
paedic Surgery, Columbia University, 622 West 168th Street, PH-11, New 
York, NY 10032 

The authors did not receive grants or outside funding in support of their 
research or preparation of this manuscript. They did not receive pay-
ments or other benefits or a commitment or agreement to provide such 
benefits from a commercial entity. No commercial entity paid or di-
rected, or agreed to pay or direct, any benefits to any research fund, foun-
dation, educational institution, or other charitable or nonprofit 
organization with which the authors are affiliated or associated.

 on November 2, 2006 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org




 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 86-A ·  NUMB ER 10 ·  OC TOB ER 2004
DYNAMIC CONT R IBUT IONS OF T H E FLEXOR-PRONA TOR 
MA S S TO ELB OW VALGUS STABILIT Y

stability of the elbow: electromyographic analysis of the flexor pronator group 
and the extensor group in pitchers with valgus instability. J Shoulder Elbow 
Surg. 1996;5:347-54.

17. Glousman RE, Barron J, Jobe FW, Perry J, Pink M. An electromyographic 
analysis of the elbow in normal and injured pitchers with medial collateral 
ligament insufficiency. Am J Sports Med. 1992;20:311-7.

18. An KN, Hui FC, Morrey BF, Linscheid RL, Chao EY. Muscles across the elbow 
joint: a biomechanical analysis. J Biomech. 1981;14:659-69.

19. An KN, Morrey BF, Chao EY. The effect of partial removal of proximal ulna on 
elbow constraint. Clin Orthop. 1986;209:270-9.

20. Callaway GH, Field LD, Deng XH, Torzilli PA, O’Brien SJ, Altchek DW, War-
ren RF. Biomechanical evaluation of the medial collateral ligament of the el-
bow. J Bone Joint Surg Am. 1997;79:1223-31.

21. Andrews JR, Heggland EJ, Fleisig GS, Zheng N. Relationship of ulnar collat-
eral ligament strain to amount of medial olecranon osteotomy. Am J Sports 
Med. 2001;29:716-21.

22. O’Driscoll SW, An KN, Korinek S, Morrey BF. Kinematics of semi-constrained 
total elbow arthroplasty. J Bone Joint Surg Br. 1992;74:297-9.

23. Pomianowski S, O’Driscoll SW, Neale PG, Park MJ, Morrey BF, An KN. The 
effect of forearm rotation on laxity and stability of the elbow. Clin Biomech 
(Bristol, Avon). 2001;16:401-7.

24. Azar FM, Andrews JR, Wilk KE, Groh D. Operative treatment of ulnar collateral 
ligament injuries of the elbow in athletes. Am J Sports Med. 2000;28:16-23.

25. Soslowsky LJ, Flatow EL, Bigliani LU, Pawluk RJ, Ateshian GA, Mow VC. 
Quantitation of in situ contact areas at the glenohumeral joint: a biomechani-
cal study. J Orthop Res. 1992;10:524-34.

26. Flatow EL, Soslowsky LJ, Ticker JB, Pawluk RJ, Hepler M, Ark J, Mow VC, 
Bigliani LU. Excursion of the rotator cuff under the acromion. Patterns of sub-
acromial contact. Am J Sports Med. 1994;22:779-88.

27. King JW, Brelsford HJ, Tullos HS. Analysis of the pitching arm of the profes-
sional baseball pitcher. Clin Orthop. 1969;67:116-23.

28. Barnes DA, Tullos HS. An analysis of 100 symptomatic baseball players. Am 
J Sports Med. 1978;6:62-7.

29. Norwood LA, Shook JA, Andrews JR. Acute medial elbow ruptures. Am J 
Sports Med. 1981;9:16-9.

30. Smith GR, Altchek DW, Pagnani MJ, Keeley JR. A muscle-splitting approach 
to the ulnar collateral ligament of the elbow. Neuroanatomy and operative 
technique. Am J Sports Med. 1996;24:575-80.

31. Thompson WH, Jobe FW, Yocum LA, Pink MM. Ulnar collateral ligament re-
construction in athletes: muscle-splitting approach without transposition of 
the ulnar nerve. J Shoulder Elbow Surg. 2001;10:152-7.

32. O’Driscoll SW, Bell DF, Morrey BF. Posterolateral rotatory instability of the 
elbow. J Bone Joint Surg Am. 1991;73:440-6.

33. Timmerman LA, Schwartz ML, Andrews JR. Preoperative evaluation of the 
ulnar collateral ligament by magnetic resonance imaging and computed 
tomography arthrography. Evaluation in 25 baseball players with surgical con-
firmation. Am J Sports Med. 1994;22:26-32.

34. Field LD, Altchek DW. Evaluation of the arthroscopic valgus instability test of 
the elbow. Am J Sports Med. 1996;24:177-81.

35. Armstrong AD, Dunning CE, Faber KJ, Johnson JA, King GJ. Single-strand lig-
ament reconstruction of the medial collateral ligament restores valgus elbow 
stability. J Shoulder Elbow Surg. 2002;11:65-71. 

 on November 2, 2006 www.ejbjs.orgDownloaded from 

http://www.ejbjs.org

