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Figure 4. Sidearm slot position (left) and overhand, or “3/4,” slot position (right) were identified by ipsilateral and contralateral 
trunk lean, respectively.14

TABLE 1 
Demographic Information for Participant Pitchers, by Trunk Rotation and Arm Slot Position

Group	 n	 Age, years	 Height, cm	 Weight, kg	 Ball Speed, m/s

Onset of trunk rotation					   
Pre–foot contact 	 34	 20.3 ± 2.5	 177.0 ± 15.0	 86.5 ± 9.3	 33.1 ± 4.1
Post–foot contact	 35	 20.9 ± 2.4	 185.0 ± 6.4	 85.6 ± 10.3	 31.8 ± 1.6

Arm slot position					   
Sidearm	 14	 21.1 ± 3.0	 181.0 ± 12.7	 87.0 ± 10.0	 30.8 ± 1.2
Overhand	 55	 20.7 ± 2.5	 175.2 ± 16.1	 85.9 ± 9.8	 33.0 ± 2.9

Figure 3. Pitching events include (as depicted from left to right) stride, front-foot contact, maximum external rotation, and ball 
release. The pitching cycle was normalized from front-foot contact to ball release to allow for biomechanical comparisons across 
all participants.

DISCUSSION

The high incidence of elbow injuries that occurs among 
baseball pitchers has been presumably linked to the bend-
ing moment induced during throwing that places the elbow 
joint under excessive valgus load.4,8,17,21 To identify the 

pathomechanics of valgus extension overload, we investi-
gated the kinematic and kinetic patterns in joint move-
ment during baseball pitching in predicting elbow valgus 
torque. The results of this study indicate that elbow val-
gus torque is most influenced by peak shoulder external 
rotation, elbow flexion at peak valgus load, elbow flexion at 
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TABLE 2
Kinematic and Kinetic Parameters With Significant 

Correlations With Elbow Valgus Torquea

Parameter	 Mean ± SD	 r	 P

Onset of trunk rotation, % PC	 –1 ± 28 	 –.24	 .019
Max shoulder external rotation, °	 169 ± 15	 .60	 .000
Max elbow flexion time, % PC	 51 ± 23	 –.32	 .012
Elbow flexion at peak valgus, °	 43 ± 22	 –.36	 .004
Elbow flexion at ball release, °	 41 ± 24	 –.35	 .005
Valgus loading rate, N⋅m/s	 29 ± 14	 .74	 .000

aPC, pitching cycle.

Figure 5. Mean elbow valgus torque for pitchers with onset 
times of trunk rotation before front-foot contact (pre–foot con-
tact) was significantly higher (P = .02) than that of those pitch-
ers with onsets after front-foot contact (post–foot contact).

ball release, timing of maximum elbow flexion, onset of 
trunk rotation before ball release, and elbow valgus loading 
rate. Although regression analysis does not determine 
whether elbow valgus torque is directly caused by these fac-
tors, the probability of predicting it based on these param-
eters is high. These kinematic and kinetic patterns reinforce 
previously published findings indicating that elbow valgus 
torque is closely related to angular mechanics at the shoul-
der and elbow during pitching; therefore, determining their 
relationships with elbow valgus torque provides further 
insight into the ways of perhaps reducing excessive valgus 
loading.4,11,19,20

Elbow valgus torque increased with greater degrees of 
shoulder external rotation but decreased with more elbow 
flexion at ball release. Although higher shoulder external 
rotation is expected to increase elbow valgus,8,17 the find-
ings of this study challenge the commonly held belief of 
pitching coaches that the elbow should be straighter dur-
ing the delivery.2 Specifically, this study showed that an 
increase in elbow valgus torque was associated with 
decreased elbow flexion. Similarly, a higher elbow flexion 
angle at the instant of peak elbow valgus was associated 
with reduced magnitudes of elbow valgus torque. Previous 
investigators found a similar relationship but did not 
offer suggestions of why it contradicts the teaching prin-
ciples of most pitching instructors.11,20 Although less 
elbow flexion would seemingly reduce the moment arm 
about the long axis of the humerus and subsequently 
minimize elbow valgus loading, the moment arm about 
the trunk’s axis of rotation as it squares up increases 
with elbow extension. The extended elbow induces a 
bending moment at the elbow as the throwing arm lags 
behind in the early part of acceleration, particularly in 
instances when the shoulder is abducted at or near 
90°.1,2,14 The exact contribution of the moment about the 
trunk versus that of the moment about the humerus in 
directly influencing elbow valgus loading warrants fur-
ther investigation. However, the moment about the trunk’s 
axis of rotation could arguably be greater than the 
moment about the humeral long axis (produced by a 
more flexed elbow) owing to higher segmental moments 
of inertia and the lever arm away from the trunk. Thus, 
valgus torques were reduced with shorter lever arms 
away from the rotating trunk in a more flexed elbow and 
were increased with longer lever arms.

Greater segmental moments of inertia would equate to 
higher joint torques, as demonstrated in previous studies 
that compared adult pitchers and younger pitchers.1,10 
However, in this study, pitchers from all 4 groups were 
similar in size and ball velocity, yet elbow valgus torque 
was higher in the pre–foot contact and sidearm groups 
than in the groups of their respective counterparts. Thus, 
a potential measure of pitching efficiency could be described 
by a ratio of ball velocity to valgus torque where a highly 
efficient pitcher is one who can maximize output (ball 
speed) with the least cost (joint load). How a pitcher deliv-
ers a pitch with high efficiency is predicated on the biome-
chanical factors described in this study, as well as on those 
that have been shown to be associated with ball velocity18 
and elbow valgus torque.14,17,20

Pitchers who rotated their trunks (ie, squared up) later 
in the pitching cycle appeared to have reduced magnitudes 
of elbow valgus torque. In this study, pitchers who initiated 
trunk rotation before front-foot contact exhibited signifi-
cantly more elbow valgus torque than did those who 
rotated their trunks afterward. This finding concurs with 
previously reported findings that showed reduced shoulder 
rotation torques in pitchers with late trunk rotation,1 and 
it supports the notion that efficient mechanics is predi-
cated on the appropriate timing in the sequence of pelvis, 
trunk, and arm rotations.3,9,13,15 Although it is unclear 
when exactly the optimal point is in the pitching cycle for 
the trunk to initiate its rotation toward home plate, most 
pitching coaches believe that it should not occur before the 
front foot contacts the mound.

This study showed a tendency for higher elbow valgus 
torques with lower shoulder abduction angles. Thus, in 
sidearm deliveries, the whipping action that results from 
early trunk rotation may exacerbate higher valgus loads 
as the horizontally placed arm lags behind into ball 
release. The horizontal arm slot position—as determined 
by trunk lean, shoulder abduction, and elbow flexion—
has been shown to be associated with increased medial 



6    Aguinaldo and Chambers	 The American Journal of Sports Medicine

elbow forces.1,2,14 These findings indicated that pitchers 
who displayed a sidearm delivery exhibited elbow val-
gus torques significantly higher than those of pitchers who 
threw with the more common 3/4, or overhand, slot posi-
tion, thereby corroborating previous suggestions that val-
gus forces at the elbow would be least at more vertical slot 
positions.1,2,14

In conclusion, biomechanical predictors of valgus exten-
sion torque at the elbow have been described. A condition 
of late trunk rotation, reduced shoulder external rotation, 
and increased elbow flexion appeared to be associated with 
elbow valgus torque. Although a number of intrinsic and 
extrinsic factors are involved in pitching-related elbow 
injuries, these biomechanical findings offer additional sci-
entific feedback for developing methods used to minimize 
the effects of valgus loading on these injuries.
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Figure 6. Pitchers who threw with a 3/4, or overhand, slot position (left) exhibited significantly less elbow valgus torque (46 ± 29 
N⋅m, P = .02) than did those with a sidearm delivery (right) (66 ± 24 N⋅m).


