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SUMMARY 
Performance of several upper extremity functional tasks was 
modeled with stepwise regression employing wrist kinematic 
variables. Models of Dart Throwing, Basketball Shooting, 
Hammering and Clubbing were formed from these wrist 
kinematic variables that explained between 27.7% to 61.6% of 
the variance in performance. 
 
INTRODUCTION 
Traditional outcome measures have described the wrist in 
isolated planes of motion (extension and flexion (EF), radial 
and ulnar deviation (RUD)).  While practical and 
straightforward, these measures do not convey information 
concerning functional activities of the wrist. Most functional 
activities employ “coupled” wrist motion, a combination of EF 
and RUD [1]. In particular the “dart throwers motion” (DTM), 
radial-extension to ulnar-flexion, has been implicated as a 
common path of motion in many activities that require 
simultaneous force generation and targeted accuracy [2,3]. 
There is little information explaining the relationship between 
functional performance and wrist kinematics and “coupling” 
[2], the amount of EF per degree of RUD. Our study modeled 
the relationship between wrist kinematics and functional task 
performance among healthy subjects and patients who have 
undergone midcarpal arthrodesis of the wrist.    
 
METHODS 
The study was approved by the HSS Institutional Review 
Board. Ten healthy males and ten males who had undergone 
midcarpal arthrodesis on their dominant wrist performed 15 
trials of each functional task. The following functional tasks 
were included in this investigation: dart, football and baseball 
throws, basketball shooting, pouring from a cup, swinging a 
club, and hammering nails. 
 
Task motion was acquired at 200Hz with a 12-camera motion 
capture system (Motion Analysis Corp., Santa Rosa, CA). The 
wrist joint coordinate system was implemented in Visual3D 
(Germantown, MD) to calculate EF and RUD angular 
excursions using custom code. Throwing performance was 
measured as the distance to the target’s center (mm). A 
graduated scoring system was used for basketball accuracy (0-
5). Hammering performance was measured in three ways: the 
time taken to drive a nail flush (sec), total number of strikes, 
and percentage of missed strikes per nail. Pouring task 
performance was quantified with the amount of water 
transferred (ml) and the total time taken to pour (sec). The 

performance of clubbing was determined as the velocity (m/s) 
of the club head at the time of strike and its distance (mm) 
from the target. Wrist kinematic variables are defined in 
Figure 1. Coupling, was expressed as an angle with respect to 
the positive horizontal axis using the arctangent2 function: 
atan2(y,x). For example, -45° indicates 1:1 flexion:ulnar-
deviation, -90° indicates isolated flexion, and 0° indicates 
isolated ulnar-deviation.   

 

 

Figure 1: Angle-angle plot of a subject throwing a dart. Coupling = 
atan2(EF,RUD), EF = range-of-motion in extension-flexion, 
RUD=ROM in radial-ulnar deviation, Angular Displacement=angular 
excursion at the wrist for the defined task, RUDoffset=offset between 
the mean RUD component of angular displacement and the origin, 
EFoffset=offset between the mean EF component of angular 
displacement and the origin 
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Wrist kinematic variables (Coupling, Angular Displacement, 
EF and RUD components of Angular Displacement, EFoffset, 
RUDoffset) were entered into a stepwise linear regression to 
identify predictors of functional task performance using SPSS 
17.0 statistical analysis software (SPSS Inc., Chicago, Il, 
USA). At each step, the independent variable not in the 
equation that had the smallest probability of F was entered, if 
that probability was <0.05. Variables already in the regression 
equation were removed if their probability of F was >0.10. 
The method terminated when no more variables were eligible 
for inclusion or removal. In addition, adjusted R2 values were 
examined to assess the proportion of variance in the dependent 
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variable explained by the independent variables while 
accounting for multiple independent variables.  
 
RESULTS AND DISCUSSION 
As shown in Table 1, Dart throwing performance was 
modeled with angular displacement (AD), Coupling, and 
RUDoffset.  AD explained 36.6% of the model variance and 
with the addition of Coupling and RUDoffset 61.6% of the 
variance was accounted for.  AD, Coupling, and EFoffset 
explained the variance of between 27.7% and 38.3% in models 
of Basketball Shooting, Hammering Time, Hammering 
Strikes, missed strikes, and Club Velocity.  For these tasks 
stepwise regression models were significant supporting the 
hypothesis that functional performance is related to kinematic 
variables in the wrist.    For the remaining tasks; Club 
Distance, Football Throw, Pouring Time, Pouring Amount 
Transferred, and the Baseball Throw the independent variables 
did not meet inclusion criteria and were not entered into the 
model..   
 
As has been shown previously, midcarpal arthrodesis can 
effect wrist kinematics and performance for certain functional 
tasks [4].  In this study the relationships and corresponding 
correlations between wrist kinematics and performance imply 
that it may be essential to preserve wrist kinematics and 
coupled motion during wrist surgery.  The contributions of the 
elbow and shoulder in these tasks remain to be determined and 
may increase the predictive power of the models reported.  
Inclusion of elbow and shoulder motion may permit modeling 
of those functional tasks whose variance in performance could 
not be explained by wrist kinematics alone.  

 
CONCLUSIONS 
Stepwise regression models are able to predict performance 
from wrist kinematic parameters for certain functional tasks.  
Specifically, Angular Displacement, Coupling, and RUDoffset 
explain 61.6% of the variance in the model for Dart Throwing 
accuracy, and between 27.7% and 38.3% of the variance in 
basketball shooting and hammering. Changes in wrist 
kinematics after midcarpal arthrodesis may affect performance 
of certain functional tasks. 
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Table 1: Stepwise regression model of functional task performance versus wrist kinematics  
in healthy and midcarpal arthrodesis subjects 

.Dependent Variable 
{Performance} 

Predicted model R R2 Adj R2 
Sig. F 

Change 

Dart Throw (mm) 172.78  - 1.98*AD 
53.80 - 1.39*AD - 1.38*Coupling 
51.6 0 - 2.21*AD - 1.75*Coupling - 2.05*RUDoffset 

0.632 
0.746 
0.822 

0.399 
0.556 
0.676 

0.366 
0.504 
0.616 

0.003 
0.025 
0.027 

Basketball (0-5) 2.39 + 0.022*AD  0.562 0.315 0.277 0.010 

Hammering Time (s) 11.13 - 0.36* AD 0.594 0.353 0.317 0.006 
Hammering Strikes (#) 22.56 - 0.72*AD  0.646 0.417 0.383 0.002 
Hammering % Missed  -0.07 - 0.002*Coupling  0.588 0.346 0.310 0.006 
Club Velocity (m/s) 5.58 + 0.28*EFoffset 0.583 0.340 0.303 0.007 
Club Distance (mm) -  - - - - 
Football Throw (mm) - - - - - 
Pouring Time (s) - - - - - 
Pouring Amount Transferred (ml) - - - - - 

Baseball Throw (mm) - - - - - 

 


