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Abstract — We explore the operating characteristics of tennis player racket-holding-hand, RHH, using V-shaped wrist swing and 
shot during the action of hitting the ball. We estimated a finite element model for the wrist of the RHH. CT scan was taken of the 
wrist of the RHH to obtain a two-dimensional image. We then used MIMICS software to directly model and import to Patarn 
software to do finite element analysis on the wrist model. We then used established strain laws of tennis player RHH carrying 
different loads. The results are important in studying the effect of swing of RHH to improve hitting skills and reduce sports injury. 
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I. INTRODUCTION 

Modern tennis have become increasingly demanding for 
speed and power quality of tennis players. Especially in the 
players' specialized technical approaches, similar physical 
situation, if you occurred less sports injury, you can have a 
place in the world. In women's tennis this phenomenon is 
more apparent. Unexpected wrist injury of tennis player 
holding-hand is particularly common of all. Its treatment is 
mainly limited to clinical orthopaedics, failed to combine 
swing Sports Training to elaborate, combined with stress 
analysis also failed to resolve the Sports Biomechanics [1]. 

Widely used in engineering mechanics the finite element 
method began to be introduced into the field of clinical 
medicine, but the body structure is complex, geometry is 
irregular, the finite element method cannot be used to 
directly three-dimensional modelling by CAD and CAE 
software. In this study for this bottleneck, tennis player 
holding-hand is as experimental subjects, used the method 
that DICOM data directly modelling and data analysis 
software Patran are combined [2], conversed two-
dimensional CT image to three-dimensional model, 
completed separation of the bones and optimization; after 
meshing, with wrist injury mechanisms and principles of 
sports training, determine the location of the external load, 
the magnitude and direction, conduct non-invasive modality 
experiment, establish strain law of tennis player holding-
hand carrying different loads stress [3], which made that 
there modern technical services the field of sports training, as 
reference for swing of tennis player holding-hand, improving 
hitting skills and reducing sports injury.  

ANSYS is a powerful general purpose finite element 
modelling package to numerically solve a wide variety of 
mechanical, structural and non-structural problems. These 
problems include: static/dynamic structural analysis (both 
linear and non-linear), heat transfer and fluid problems, as 
well as acoustic and electro-magnetic problems. In general, a 

finite element solution may be classified into the following 
three stages. This is a general guideline that can be used for 
setting up any finite element analysis.   

There are two methods to use ANSYS; Graphical 
Interface and Command File Coding. The graphical user 
interface or GUI follows the conventions of Windows based 
programs. This method is probably the best approach for 
new users. The command approach is used by professional 
users. It has the advantage that an entire analysis can be 
described in a small text file, typically in less than 50 lines of 
commands. This approach enables easy model modifications 
and minimal file space requirements. In this lab manual we 
mainly use the GUI. However, in some cases both the GUI 
and command code are used to show that how command 
code could be easy to use. 

Patran is the world's most widely used pre/post-
processing software for Finite Element Analysis (FEA), 
providing solid modelling, meshing, analysis setup and post-
processing for multiple solvers including MSC Nastran, 
Marc, Abaqus, LS-DYNA, ANSYS, and Pam-Crash. 

Patran provides a rich set of tools that streamline the 
creation of analysis ready models for linear, nonlinear, 
explicit dynamics, thermal, and other finite element 
solutions. From geometry clean-up tools that make it easy 
for engineers to deal with gaps and slivers in CAD, to solid 
modelling tools that enable creation of models from scratch, 
Patran makes it easy for anyone to create FE models. Meshes 
are easily created on surfaces and solids alike using fully 
automated meshing routines, manual methods that provide 
more control, or combinations of both. Finally, loads, 
boundary conditions, and analysis setup for most popular FE 
solvers is built in, minimizing the need to edit input decks. 

Patran's comprehensive and industry tested capabilities 
ensure that your virtual prototyping efforts provide results 
fast so that you can evaluate product performance against 
requirements and optimize your designs. 
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II. ANATOMY OF THE WRIST JOINT AND INJURY 

MECHANISM 

Wrist is composed with the distal radius and ulna and 
carpal. Carpal joint is composed with the proximal row three 
carpal (scaphoid, lunate, triangular bone) and distal row four 
carpal (trapezium, trapezoid bone, bone-shaped head, 
hamate). Across the four distal carpal row are also tough 
ligament link between them, can be seen as a piece of bone 
[4]. Therefore, from a structural point of view, the joint 
between the wrists is still a simple joint, see Fig. 1. Frontal 
axis around the wrist can make flexion, extension movement 
can be done around the sagittal axis abduction, and adduction 
movement around the mixing shaft can be surrounded by 
sports. 

 

Figure 1.   Anatomy of the Wrist Joint. 

Grips tennis players are different, but no matter what 
grips, every shot is required to complete the operation by the 
wrist. High-frequency, high-intensity wrist sports makes 
wrist injury frequency is much higher than other joints. Wrist 
Injury mainly causes wrist tendon tenosynovitis. Most are 
chronic fatigue by prolonged use of the wrist caused by too 
frequent [5]. A small part of acute pain that dues to a stroke 
so improper force or impact force is too large. After the 
injury, if not promptly after treatment or improper treatment 
or rehabilitation of a sprained wrist again, it is easily leaded 
to fracture and dislocation or induced bone and joint disease. 

Stress passed down from the contact point to the lower 
part of the index finger and thumb, Therefore, the lower part 
of the index finger and thumb as the main areas of stress 
concentration. Among nine wrist bones, trapezium, trapezoid 
bone connected with the index finger. The trapezium and end 
of the first metacarpal constitute of the thumb palm wrist. 
Because of the thumb and the other four fingers relative 
motion, so that the hand grip has a large capacity. Therefore, 
when the thumb directly affected by stress impact, racquet 
hand will be tight to the handle and to the ulnar deviation. At 
this time will result in long thumb abductor excessive 
traction. When pulled adductor muscle strength first 
metacarpal bone, it would cause dislocation of the first 
metacarpal base. Therefore joint becomes easy with arthritis 
[6-8]. In the modelling process, the fixed point and the force 
point has also been severely affected, namely the index 
finger palm wrist joints, the lower end of the lunate and 
scaphoid lower end. This is more common in finite element 
analysis, is caused by the stress concentration effect. 

A true lateral view is defined by the relationship between 
the pisiforme, capitated and scaphoid bones. On a standard 
lateral view, the palmar cortex of the pisiform bone should 

overlie the central third of the interval between the palmar 
cortices of the distal scaphoid pole and the capitated head. 
Apparent volar tilt of the surface of the distal radius which is 
measured on the lateral view may increase with supination 
and decreases with pronation of the wrist. 

A change of 10 degrees rotation between two consecutive 
control lateral radiographs is not uncommon during clinical 
follow-up and results in 5 degrees change in apparent tilt. CT 
should be performed if conventional radiographs provide 
insufficient detail about radio carpal articular step-off and 
gap displacement. On the left a patient is with a commutative 
intra-articular fracture of the distal radius with displacement 
of the volar rim of the radius together with the carpus (i.e. a 
volar Barton's). There is an axial CT image with 3D-, 
coronal and sagittal reconstructions. On the left sagittal 
reconstructions of 1mm axial CT slices. Scroll through the 
images and notice how well CT demonstrates the fracture 
components and the displacement. Magnetic resonance (MR) 
imaging is of benefit when concomitant injuries of ligaments 
and triangular fibrocartilage complex (TFCC) are suspected 
or if a fracture is suspected but not demonstrated on routine 
radiographs. On the left a fracture of the ulnar styloid 
process not visible on standard radiography, but clearly 
demonstrated with MR. The figure 2 and figure 3 shows the 
true lateral: The palmar cortex of pisiform (red arrow) lies 
between the palmar cortex of scaphoid and capitated. 

This condition is often associated with repetitive, 
abnormal stress to the tendons of the rotator cuff (four small 
muscles that surround and steer shoulder movement) 
resulting in inflammation and pain.  Resultant cuff tendonitis 
may cause sharp, acute pain in the shoulder or upper arm 
aggravated after periods of activity such as overhead 
throwing or lifting.  Pain may also be experienced when 
dressing, grooming, sleeping on the affected shoulder, 
reaching high over head, or behind the back.  Functional 
weakness is usually present with lifting during everyday 
activities (especially between waist and shoulder height).  If 
the condition is left untreated, the tendonitis may progress to 
a partial thickness tear of the rotator cuff, often requiring 
surgery.  Physical therapy can be beneficial to regain lost 
shoulder motion and functional strength while decreasing 
pain and facilitating the healing process to the injured 
tissues. 

This injury typically occurs as a direct result of trauma to 
the ligaments and capsular tissues that surround the ball and 
socket (glen humeral joint) of the shoulder. Some common 
mechanisms of injury include being hit behind the arm while 
the shoulder is positioned in an overhead throwing motion 
and falling onto an outstretched arm. This condition 
contributes to a sense of instability in the shoulder combined 
with an inability to perform certain daily activities and 
sports. Those who experience a shoulder dislocation are 
typically evaluated by a physician for reduction and to rule 
out fracture or cartilage damage. Physical therapy is often 
ordered to help restore shoulder motion and strengthen the 
muscles that cross the shoulder to prevent recurrence of 
dislocation [9]. 
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Figure 2.  True lateral: The palmar cortex of pisiform (red arrow) lies 
between the palmar cortex of scaphoid and capitate 

 

Figure 3.  True lateral. 

III. EQUATIONS AND FINITE ELEMENT SCHEME 

Dynamic equations of bone mechanical behavior of 
hands can be written in the form: 
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fi is physical strength or external force. Ci is elastic 
modulus. In addition, the definition of boundary conditions 
is: 
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Fu and Fp are respectively displacement boundary and 

stress boundary; un is the normal vector of Fp boundary; ( )nu x  

and p (x)i  are respectively the corresponding displacement 
boundary and given displacement and stress on the boundary 
of stress. 

The corresponding weak form is: 
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Based on these function, 
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Viscous stress can be expressed as follows: 
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Then the unit matrix can be expressed as follows: 
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Then we can get the equation (20). 
C M K                             (20) 

IV. EXPERIMENTAL SUBJECTS AND METHODS 

A. Experimental Subjects 

Experimental subject of this paper is a professional tennis 
athlete from a college, male, born in 1992, national 
secondary athletes, ball age is 8 years, and 10 hours training 
per week. 

B. Experimental Methods 

Import the two-dimensional CT slices into interactive 
medical imaging software control system MIMICS to build 
3D finite element model; 3D finite element model is then 
reintroduced into Patran 2010 for MD Nastran, complete 
separation of the bones, optimization, meshing; and finally 
do stress analysis. 

C. CT Scan 

CT imaging utilizes the attenuation characteristic of X-
rays, high sensitivity receiver receives the X-rays through an 
object, and computer reconstructs imaging. In this 
experiment, we use PHILIPS BRILLIANCE, by the 0.5 
seconds / 360-degree scanning speed handed wrist.  



JIUDE LI: A FINITE ELEMENT MODEL OF STRESS ON TENNIS PLAYERS RACKET-HOLDING . . . 

DOI 10.5013/IJSSST.a.17.19.12 12.4 ISSN: 1473-804x online, 1473-8031 print 

D. The Conversion of Two-dimensional to Three-
dimensional Model 

After obtained CT tomography image, use DICOM 
VIEWER software to do two-dimensional image 
observation; image integrated to obtain a two-dimensional 
model; finally schema is imported into MIMICS to complete 
reconstruction, a total of 1012815 nodes, 211236 triangles. 

E. Single Bone Separation and Smooth 

The resulting three-dimensional model is a whole, there 
are unnecessary connections between the bones, so in 
Remesh MIMICS software environment for bone surface 
separation and repair work, see Fig. 4.  

MIMICS software stored as stl format. It is required by 
Rapidform software processing, generate iges then could do 
stress calculation and analysis in Patran software see Fig. 5. 

 

 

Figure 4. MIMICS Software Navicular Bone. 

 

Figure 5. Rapidform Initial Figure. 

Then varying degrees of fine processing according to the 
model of rough circumstances, is optimized Fig. 6. Finally 
Auto surfacing generated after bone iges grid format. 

F. Finite Element Mesh 

Import all of 15 iges format model into Patran software, 
mainly use tetrahedral elements to divide, where elastic 
modulus 7300MPa, and Poisson's ratio of 0.25. After 
meshing, establish 14 links between the node, that’s thumb 
and trapezium, trapezoid bone index finger and middle finger 

with the head like bone, finger bone with the hook, and hook 
the little finger bone, trapezoid and trapezium bone, the 
trapezium bone and bone-shaped head, the head of the hook-
shaped bone, trapezoid and navicular bone, navicular bone 
and head shape, lunate bone and head shape, triangular and 
lunate bone, triangular and hamate bone, peas bone and 
triangular bone. 

 

 

Figure 6. Rapidform Optimization Figure. 

Using the finite element software to each wrist bones 
(including bone and cartilage), transverse carpal ligament 
and other ligaments wrist joint is assembly for the whole 
three-dimensional finite element model of the wrist. The 
figure 7 shows the auto-surfacing processing Figure.  

 

 

Fig 7. Auto-surfacing Processing Figure. 

To minimize the number of elements and nodes, on the 
basic of without prejudice to the results reduce the time of 
finite element analysis and calculation, improve 
computational efficiency, the model takes further 
interception for original distal ulna, radius bone and the 
proximal metacarpal part. 

The model includes the carpal tunnel, the distal ulna and 
radius bone and the proximal metacarpal joint. Record the 
location and number of each bone model cartilage cells. 
Then do unit cross-test, node fusion and local mesh 
optimization for the entire model in turn, to get the whole 
three-dimensional finite element model of the wrist, as 
shown in Table 1 
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TABLE I WRIST THREE-DIMENSIONAL FINITE ELEMENT MODEL 

 
Tetrahedral 

units 

Bone 
wedge 

unit 

Cartilage 
wedge 

unit 
Nodes 

Number 
of units 

Trapezium 25884 365 4512 6710 33128 

Head-shaped  20152 201 1314 5518 28355 

Hamate 18920 1051 1255 5207 23186 

Scaphoid 12563 545 1520 420 14869 

Lunate 8960 351 1566 2784 12536 

Triquetrum 9418 705 722 2550 10158 

Peas bone 4021 654 320 1284 4887 

The first  9335 1200 348 2648 12054 

The second  6289 995 985 2553 8972 

The third  5622 1204 608 2155 6845 

The fourth  2054 453 288 986 3225 

The fifth  3478 342 105 768 3105 

Radius bone 45312 1572 1008 11043 45208 

Ulna 25548 1459 1325 5842 25610 

Transverse  24052   45036 24016 

Other     255 99 
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