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Abstract: The purpose of the present study was to investigate the effect of an experimentally 
imposed kinetic chain disturbance in baseball pitching on ball speed and elbow kinetics. The 
experimental design consisted of two (within-subject) conditions. In one condition there was no 
manipulation (control condition). The other condition involved a manipulation of the kinetic chain 
by taping the pelvis and trunk. In both conditions, pitchers were instructed to throw fastballs until 
a minimum of 15 pitches were captured. Inverse dynamic solutions were used calculate the internal 
elbow moments of six elite youth baseball pitchers. The pitchers that were hampered in throwing 
fastballs, by the taped pelvis and trunk, showed significant lower ball speeds and peak internal 
varus moments compared to the pitchers that were allowed to throw without any hindrance. 

Keywords: overhead throwing 1; motion analysis 2; kinematics 3; kinetic chain 4; baseball 5; 
disruption 6 

 

1. Introduction 

One of the most valuable skills in overhand sports, specifically in baseball pitching, is the ability 
to throw a ball at speeds up to 100 miles per hour. This requires a highly coordinated whole-body 
motion requiring transfer of kinetic energy from the lower body, pelvis and trunk up to the upper 
body [1]. This transfer of energy through body segments is often referred to as the kinetic chain [1,2] 
and requires sequential motions of subsequent body segments [3]. This appears to be a key factor for 
optimal throwing performance [3]. 

Movements out of sequence may hamper optimal transfer of kinetic energy due to deficiencies 
in the kinetic chain, which either result in a reduction in performance or in an additional 
compensation by the upper body segments to accommodate for the energy loss to maintain 
performance. This mechanism is referred to as the “catch-up" phenomenon [4]. The upper body 
segments and joints between them are therefore conceivably more prone to (overuse) injuries [3,5]. It 
can be expected that a kinetic chain disruption, in addition to a possible performance reduction, also 
results in upper body compensation that can be deduced from changes in upper body kinetics. 
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The purpose of the present study was to investigate the effect of an experimentally imposed 
kinetic chain disturbance in baseball pitching on ball speed and elbow kinetics in elite youth baseball 
pitchers. 

2. Materials and Methods 

2.1. Participants 

A total of 8 baseball pitchers of the Dutch AAA team, aged 15 to 23 years, participated in this 
study (mean age 17.5 SD 2.4 years; mean pitching experience 10.1 SD 2.0 years; mean body weight 
79.2 SD 8.4 kg; mean body height 1.86 SD 0.06 m). Potential participants had to be free from ongoing 
injury, pain, or muscle soreness that prevented them from throwing a fastball as they would normally 
do, and they were excluded if they had previous injuries that might lead to restrictions in the kinetic 
chain (such as permanent restrictions in the range of motion, for example, as a result of elbow or 
shoulder surgery). The Faculty of Behavioural and Movement Sciences’ local ethics committee 
approved the study under reference number VCWE-2019-033, and all participants gave their written 
consent according to the university policy, after being fully informed about the content and purpose 
of the study. 

2.2. Procedures 

Data collection took place at the movement laboratory of the Royal Netherlands Football 
Association. Upon arrival, after the objectives and procedures were explained, the pitchers were 
asked to read and sign the informed consent forms. Participants then changed into tight-fitting 
trousers or shorts and indoor shoes, whereafter 10 reflective markers (10 mm in diameter) were 
attached (Figure 1) directly to the skin, where possible at anatomic bony landmarks, with double-
sided tape. The markers were attached according to the plug-in-gait model, extended with upper 
extremity markers (Figure 1). After the marker setup, participants were given unrestricted time to 
warm up as they would normally do for a bullpen session, which consisted of running, stretching 
and a specific throwing session. Subsequently, pitchers performed 5 to 10 submaximal fastball pitches 
from a custom-made pitching mound to become comfortable with the experimental setup. All pitches 
had to be aimed at a rectangular strike zone (height 0.64 m; width 0.38 m) 0.55 m above the ground, 
which was taped on a tensioned net at the regular game distance of 18.4 m (60.5 ft). 

 
Figure 1. Reflective marker locations, local coordination systems of the upper extremity (HA, Hand; 
FA, Forearm; UP, Upperarm) and definition of the global coordination system. 
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The experimental design consisted of two (within subject) conditions. In one condition there was 
no manipulation (control condition). The other condition involved a manipulation of the kinetic chain 
(Figure 2), which was applied between the pelvis and trunk segments, as the relatively high mass of 
the trunk segment is designated as one of the key contributors to the energy development and 
transference in the kinetic chain [6–8]. The sequence of the two conditions presented to each subject 
was randomly balanced between subjects. 

 
Figure 2. Manipulation of the kinetic chain by attaching four strokes of short-stretch (60%) tape in a 
circular manner at the skin around the lower part of the trunk of the participant from the pelvis to the 
trunk at the height of sternum. 

In both conditions, pitchers were instructed to throw fastballs as fast and accurately as possible 
to the strike zone. Pitches were considered qualified for analysis if the backstop was hit. Each 
participant continued to throw fastballs until a minimum of 15 qualified pitches were captured. The 
participants, on average, performed 25 throws before the requirements were met. Pitches were 
selected for data analysis based on the quality of the kinematic data. 

2.3. Data Acquisition 

Kinematic data were captured using an 8-camera motion analysis system (model V5; Vicon 
Motion Systems Ltd., Yarnton, UK) with Vicon Nexus automatic digitization software (version 2.7; 
Vicon Motion System Ltd., Yarnton, UK). The 3D marker positions were captured at 400 frames/s. A 
radar gun (model Stalker Pro II Sport; Applied Concepts Inc., Plano, TX, USA) was used to capture 
the ball speed of each throw directly before the rectangular strike zone was hit.  

2.4. Data Analysis 

Position data of markers were exported from Vicon Nexus software [6], and all subsequent data 
processing and reductions were conducted with MATLAB software R2019a, update 3, version 9.6 (The 
MathWorks, Inc., Natick, MA, USA). The 3D positional time series of the markers were splined with 
the standard cubic spline interpolation function available in MATLAB to account for missing data and 
filtered with a low-pass fourth-order zero-lag Butterworth filter using an estimated optimal cut-off 
frequency of 17Hz to reduce the effects of sampling error [9]. The anatomical coordinate systems of the 
hand and forearm segments and the elbow joint were defined according to the recommendations of the 
International Society of Biomechanics (ISB), except that anatomical coordination systems were rotated 
90 degrees clockwise over the x-axis [10,11] (Figure 1). The global coordinate system was defined with 
the (positive) y-axis in the throwing direction, the z-axis pointing in the upward direction, and the x-
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axis pointing to the right, according to the right-hand rule (Figure 1). The internal net joint forces and 
moments at the elbow joint were calculated by means of inverse dynamic solutions [12]. The internal 
net forces and moments at the elbow joints were calculated as the forces and moments of the proximal 
segment acting on the distal segment, according to Hof [13]. The segment mass, location of the center 
of mass, and moment of inertia were estimated based on Zatsiorsky [14]. 

The event of ball release was modelled by linearly decreasing the ball mass, assuming that the 
center of mass of the hand and ball overlap, from 100% to 0% during 20 ms before actual ball release 
[15]. 

2.5. Statistical Analysis 

Statistical analysis was conducted in IBM SPSS, version 26.0.0.0 (IBM Corporation, Armonk, NY, 
USA). Generalized Estimating Equations (GEE) using the “exchangeable” working correlation 
structure were used to identify differences between the non-manipulated and manipulated 
conditions for ball speed and peak elbow moments. The general linear regression equation was used: 

outcome = b0 + b1 * predictor, (1)

The participants were considered as a random factor in these analyses to account for the 
dependency between the repeated throws within participants. Therefore, GEE analysis provides 
valid standard errors of the parameter estimates regardless of the distribution [16]. The qualitative 
approved throws per condition per participant were used for statistical analysis. The conditions 
(taped pelvis and trunk and control) were added to the model as categorical predictors (factors), 
while ball speed (mph and m/s) and elbow moments (Nm) were added as the continuous outcomes. 
The predictors’ regression coefficients (b1) and corresponding 95% confidence intervals (CI) were 
determined by the Wald chi-square statistic. An a-priori α level of 0.05 was used to determine 
statistical significance.  

3. Results 

Preliminary results are presented here. Two pitchers were excluded from biomechanical analysis 
due to missing indispensable markers from the throwing arm. 

3.1. Ball Speed 

The average ball speed of fastball pitches was statistically significant lower in the condition 
where the kinetic chain was manipulated compared to the condition where the manipulation was 
absent by 0.5 mph, 95% Wald CI [−0.05, −0.9] or 0.3 m/s, 95% Wald CI [−0.4, −0.02] (Table 1).  

Table 1. Ball speed for the conditions normal pitching and pitching with taped pelvis and trunk 
estimated with GEE (N = 8). 

 
Conditions  

Normal Pitching Pitching with Taped Pelvis and Trunk p-Value 
Variable Estimated Mean 95% CI 1 Estimated Mean 95% CI 1  

Ball speed (mph) 76.9 74.8 to 78.9 76.4 74.4 to 78.3 0.028 2 
Ball speed (m/s) 34.4 33.4 to 35.3 34.1 33.3 to 35.0 0.028 2 

1 95% Wald Confidence Interval; 2 Statistically significant (α = 0.05). 

3.2. Elbow Moments 

Peak internal varus moment was 5.5 Nm (95% Wald CI [0.8, 10.3]) lower when pitchers were 
taped while throwing fastballs compared to the condition with no tape (Table 2). No other significant 
differences in peak elbow moments were found between normal pitching and the condition where 
the kinetic chain was disrupted by taping the pelvis and trunk. 
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Table 2. Peak internal net elbow moments for the conditions of normal pitching and pitching with 
taped pelvis and trunk estimated with GEE (N = 6). 

 
Conditions  

Normal Pitching Pitching with Taped Pelvis and Trunk p-Value 
Variable Estimated Mean 95% CI 1 Estimated Mean 95% CI 1  

Peak Varus Moment (Nm) 64.2 58.9 to 69.6 58.7 54.0 to 63.3 0.022 2 
Peak Valgus Moment (Nm) −37.5 −50.3 to −24.6 −33.0 −44.8 to −21.3 0.122 
Peak Flexion Moment (Nm) 54.5 42.1 to 66.9 50.6 38.8 to 62.5 0.102 
Peak Extension Moment (Nm) −19.0 −21.8 to −16.3 −16.7 −21.4 to −11.9 0.113 
Peak Pronation Moment (Nm) 10.2 6.5 to 13.9 9.7 6.5 to 12.8 0.254 
Peak Supination Moment (Nm) −4.8 −6.6 to −3.1 −5.3 −7.5 to −3.1 0.094 

1 95% Wald Confidence Interval; 2 Statistically significant (α = 0.05). 

4. Discussion 

The aim of this study was to investigate the effect of an experimentally imposed kinetic chain 
disturbance on ball speed and elbow kinetics in the baseball pitch. The pitchers that were hampered 
in throwing fastballs, by the taped pelvis and trunk, showed lower ball speeds and peak internal 
varus moments compared to the pitchers that were allowed to throw without any hindrance. The 
moments of the elbow in the other directions were equivalent between conditions. 

Our hypothesis that pitchers who were hampered in throwing fastballs would exhibit increased 
internal elbow moments accompanied by a constant or decreased ball speed was not supported by 
the results of this study. On the contrary, pitchers who were hindered by the taped pelvis and trunk 
demonstrated decreased ball speed accompanied with decreased elbow moments and a significant 
decreased internal varus moment in particular. A possible explanation for the non-appearance of the 
“catch-up” phenomenon in this study was the absence of the urge to perform. Pitchers may be more 
likely to use upper body compensation strategies when they will be challenged to continue to perform 
at all times (i.e., retention of ball speed after plurality of repetitions). Another possible explanation is 
the type of manipulation used to disturb the kinetic chain since it is questionable whether the type of 
manipulation actually influences the kinetic chain. The time interval between the peak angular 
velocities of the pelvis and trunk, referred to as the separation time, provides a clear indication of 
kinetic chain [17,18]. Evaluation of the separation time is therefore indispensable to be able to verify 
whether the taping the pelvis and trunk actually influenced the kinetic chain. 

To understand the effect of the kinetic chain on throwing performance and elbow kinetics, 
further analysis of the timing of pelvis and trunk angular velocities is required. The relationships 
between the ball speed, elbow kinetics and the timing of the pelvis and trunk angular velocities have 
already been demonstrated in several studies. The positive association between ball speed and the 
separation time was demonstrated by a recent study of van der Graaff et al. [17]. A study conducted 
by Wight et al. demonstrated that pitchers who reach maximum pelvis angular velocity later in the 
pitch cycle (10.8% vs 26.7% of the pitch) experienced higher elbow kinetics compared to pitchers who 
reached their maximum earlier [19]. Aguinaldo et al. reported that pitchers who initiated their trunk 
rotation before stride-foot contact experienced higher internal elbow varus moments compared to 
pitchers who did not [20]. The results of these studies underline the necessity to further analyze the 
timing of the angular velocities of the pelvis and trunk and the conceivable relationship with 
throwing performance and the kinetic characteristics, which are often attributed as an indicator of 
stress on the elbow during overhead throwing. 

5. Conclusions 

Pitchers that were hampered in throwing fastballs by disturbing the kinetic chain exhibited 
decreased ball speed and internal elbow varus moment compared to a condition without any 
disturbance. Further analysis of the timing of the angular velocities in relation to changes in ball 
speed and elbow moments are required to further explain the differences found in this study. 
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