


reference to Yh) during pitching which matches with its anatomic and 
physiological function. The iliac crest branch of LD muscle had the 
largest extension moment arm from the late cocking phase through the 
rest of pitching cycle. All branches of the LD muscle changed from an 
adductor to the abductor (in reference to Xh) at the end of cocking 
phase and changed back to adductor at the acceleration phase. 
However, the internal rotation moment arm (with respect to Zh) of LD 
muscle did not change significantly during pitching. Among all 
braches of the LD muscle, the iliac crest branch of the LD muscle had 
the largest internal rotation moment arm in the acceleration phase (Fig. 
2). All branches of the LD muscle increased its muscle length in the 
cocking phase and decreased during the acceleration and follow-
through phases. The LD muscle was active in the early cocking phase 
and reduced its activity in the late cocking phase. The LD muscle 
increased muscle stress in the acceleration phase and reached its 
maximum value just after ball release in follow through phase (Fig. 2). 
 
DISCUSSION 
 The Virtual Interactive Musculoskeletal System was ideal to 
study the LD muscle moment arm and length change as a function of 
the pitching motion. It also allows visualization the LD muscle 
orientation to validate its relative functional contribution in reference 
to other muscles. Using the intermediate points to constrain the muscle 
line of action to accommodate the wrapping around effect improved 
the biomechanical model for baseball pitching and other shoulder-
trunk activity analysis. The LD muscle extends eccentrically in the 
cocking phase to store potential energy to be transformed to power 
during acceleration phase in order to produce the required momentum 
before ball release. During cocking phase, this muscle would be 
elongated passively and remained relatively inactive to prevent injury 
caused by eccentric contraction. LD muscle is primarily an extensor 
and internal rotator, which provides the main driving force during 
baseball pitching. Although the VIMS model is generic in nature, it 
can be used for parametric analysis based on measured kinematics data. 
Same technique was used to study other muscle function in the 
shoulder during baseball pitching. 
 
CONCLUSION 
 In summary, the LD muscle is primarily an extensor and internal 
rotator in the later phases of pitching motion. Its adduction/abduction 
function fluctuates during pitching but this is judged as the minor 
function of the muscle. LD muscle stores energy during cocking phase 
to prepare for the large acceleration required before ball release. 
However, the critical timing of its physiological function is important 
to avoid eccentric contraction injury. 
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Figure 1. The LD mus cle dire ction c hange corresponding to 
differen t phases o f pitch ing motio n and its fu nctio nal 
moment arm is d efin ed based on the humerus-fixed  axes. 

 

 

 

 

 
Figure  2. The LD mus cle mome nt arms  about the  thre e 
referen ce axes fixed  to  the humerus and muscle stress o f 
the LD muscle (b otto m). 
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