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Synopsis 
Understanding how ligaments affect carpal bone motion will contribute to the development of patient specific wrist surgeries. As a first step, we 

questioned whether ligament laxity and wrist flexibility have an effect on 3D carpal bone motion.  Wrist flexibility was measured using a goniometer, 

and CT scans, while MRI scans, and 3D motion capture analyses were used to study wrist and carpal bone motion. All of the data collection is 

complete.  Here, we present preliminary results describing the role of laxity on carpal mechanics.  

Introduction and Background 
When ligaments within the wrist are damaged, the resulting loss in range of motion and grip strength can lead to reduced earning potential and 

restricted ability to perform important activities of daily living [1][2]. Left untreated, ligament injuries ultimately lead to arthritis and chronic pain 

[3]. Surgical repair can mitigate these issues but current procedures are often non-anatomic and unable to completely restore the wrist’s complex 

network of ligaments. Previous work has shown that bones within the wrist move in a similar pattern across people [4], but different levels of laxity 

(looseness) of the ligaments result in subtle differences in movement patterns that are specific to each person [5]. Unfortunately these specific 

patterns remain challenging to predict and model. Many musculoskeletal models of the upper and lower extremities constrain joints that neglect the 

function of the ligaments. In models where the joints are not constrained, mean values of mechanical properties from the literature are assigned. 

However, it is well known that there is large variation in ligament properties across people. By developing a better understanding of the 3D carpal 

bone motion of the wrist, this research will develop approaches to estimate subject-specific ligament properties in the wrist. We hypothesized that 

there is a correlation between wrist flexibility, ligament laxity and 3D carpal bone motion patterns. Our work builds on the previous work of Garcia-

Elias which demonstrated that there was a correlation between wrist flexibility and scaphoid rotation in the sagittal plane during radial-ulnar 

deviation wrist positions [5].  

Methods and Results 
Ten volunteers were recruited (6 F, 4 M, ages 19-52) and informed consent was obtained.  The subjects were screened by an orthopedic surgeon 

for a history of wrist injury, and a goniometer was used to take different measurements of the flexibility of the wrist.  Subjects participated in three 

different data collection sessions.  The first session involved the subjects having their right wrist CT scanned in a series of different positions which 

sampled a full range of wrist motion.  This allowed us to capture carpal bone postures in different positions. Next, subjects’ wrists were imaged in a 

3T MRI scanner to obtain cartilage geometry and study ligament mechanical properties. Finally, the subjects’ hands were outfitted with a set of 

reflective markers and their hand and forearm were tracked through a series of different positions and motions using an optical motion tracking 

system.   

As a first step in our analysis, we evaluated the 3D carpal bone positions generated from the CT scans.  Using Mimics 17.0, the 3D bone volumes 

were segmented from the scans of the neutral, radial deviation and ulnar deviation wrist positions.  Then Matlab (Mathworks R2014b) was used to 

determine the volumes, inertial axes, and 6 DOF kinematics of the carpal bones in the different positions (Fig 1A).  Using the carpal kinematics, the 

scaphoid-radius and lunate-radius helical axis of motion (HAM) was calculated and compared with a global measure of subject wrist flexibility used 

by Garcia-Elias (Fig 1B) [5]. Our preliminary results show that there is a weak correlation (R2 = 0.14) between global wrist flexibility and the 

direction of scaphoid rotation in the wrist (Fig 1C). 

      

 

       
Figure 1: (A) CT generated carpal bone volumes and their respective inertial axes for one subject in the neutral position. (B) The resulting radius-

scaphoid HAM between 20o of wrist radial deviation and 20o of wrist ulnar deviation in the radius fixed coordinate system.  The HAM is coloured 

based on the degree of global laxity where red is less lax and blue is more lax.  The capitate, lunate, and third metacarpal are shown for reference.  

(C) Plot of the FE component of the radius-scaphoid HAM (which corresponds to the degree to which a scaphoid is more column than row) versus 

subject global laxity. 

Conclusions and Future Work 
All data collection sessions have been completed and the analysis is on-going.  Although we found that there was a weak correlation between 

global wrist flexibility and the direction of scaphoid rotation, there are other features within the data set such as capitate bone shape and neutral 

scaphoid position that correlate with different measures of subject flexibility and wrist positioning.  
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