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SUMMARY 
From kinematic and geometric measurements the recruitment 
patterns of selected wrist ligaments were reconstructed. The 
ligament recruitment patterns were variable between wrist 
specimens, more so between individual donors than between 
the left and right specimen of a donor.  
  

INTRODUCTION 
Next to the function of the articular surfaces, ligament 
function is a prime determinant for carpal bone movements of 
the wrist. Ligament function can be evaluated through 
ligament recruitment patterns as function of motion. The aim 
of the study is to evaluate ligament recruitment patterns of the 
wrist and their variability between individual joints. Ligament 
recruitment was reconstructed by combining kinematic 
measurements with geometric data in cadaveric wrist 
specimens.  
 
METHODS 
The experiments were performed on eight cadaveric 
specimens, among which were three pairs. 
The kinematics of the bones for dynamic cyclic motion were 
measured by using a 4D-RX imaging system (Carelsen et al, 
2005). The geometry of the bones, cartilage surfaces and 
ligaments were reconstructed from CT-scans and from  
cryomicrotome images (Dvinskikh et al., 2010). The insertions 
and course of each selected ligament were identified and 
approximated by insertion points and lines connecting the 
insertions on two bones. Using the insertion points and the 
kinematics of the connected bones, the length as function of 
motion was reconstructed for lines representing the dorsal 
radio-carpal (DRC), palmar ulna-lunate (UL),  palmar ulna-
triquetral (UTq), palmar long and short radio-lunate LRL and 
SRL),  palmar radio-scapho-capitate (RScC), radius collateral 
(RCL) and dorsal inter carpal (DIC) ligaments (Figure 1).  For 
this study, the length was calculated as the Euclidean distance 
between two insertions. 
From the data set of the lengths of a ligament line element for 
flexion-extension and radial-ulnar deviation, the maximum 
length Lmax was determined. By assuming a maximum of 5% 
for the ligament strain (εmax) at Lmax, the minimal recruitment 
length (L0) was calculated by 
 

L0 = Lmax/(1+εmax). 
 

By using the ligament lengths and L0, the assumed ligament 
recruitment ε was calculated by (Blankevoort et al., 1991): 
 

ε = [(L - L0)/ L0].100%, 
 

where L is the ligament length. Ligament recruitment was 
calculated for each wrist position during flexion-extension and 
radial-ulnar deviation and bounded by the range between 0% 
and 5%. 
 

 
 

Figure 1. Paired wrist specimens. Donor 2: specimen# 3(left) and #4 
(right); donor 3: specimen #5(left) and #6(right). Left specimens are 
mirror imaged.
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RESULTS 
The location of the insertions and course of the line elements 
representing the geometry of the ligaments was more variable 
between different donors than between paired wrists of an 
individual donor (e.g. figure 1).  
The minimal recruitment length (L0) was on average larger 
than the ligament length in the neutral position LNP of the 
wrist (Table 1). A great number of ligaments was not 
recruited around the neutral position (ε<0%). There were 
apparent differences in recruitment between joint specimens 
for flexion-extension and radial-ulnar deviation (e.g. dorsal 
radio-carpal (DRC) ligament, Figure 2). Although differences 
between donors were greater, also differences between left 
and right wrists from the same donor were observed. 
 

DISCUSSION 
Ligament recruitment in the wrist joint was reconstructed from 
a detailed reconstruction of the geometry of the ligaments and 
the kinematics of the carpal bones for flexion-extension and 
radial-ulnar deviation. The choice of the maximum strain is 
somewhat arbitrary, but reflects adequately the shortening or 
lengthening of the ligaments (Blankevoort et al., 1991). 
Differences were found for ligament recruitment between 
wrists, but less between pairs from the same donor. These 
differences in recruitment can be attributed to variations in 
morphology. Consequently, a generalized description of the 
function of wrist joint ligaments is not feasible. If evaluating 
ligament function in an individual subject, the contralateral 
wrist may be used for comparison. 
It remains to be answered how differences in ligament 
recruitment are reflected in differences in the morphology of 
the carpal bones.  
 

CONCLUSION 
Ligament recruitment in the wrist joint, as estimated from 
ligament length patterns for flexion-extension and for radial-
ulnar deviation, is variable among a series of cadaveric wrist 
joint specimens 
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Figure 2. Example of  ligament recruitment patterns. This is of the 
dorsal radio-carpal (DRC) ligament in 8 wrist joint specimens for 
flexion-extension and readial-ulnar deviation of the wrist. The total arc 
of motion is scaled to 100%.  The paired specimens are 1-2, 3-4 and 5-6. 
The unpaired specimens are 7 and 8. The multiple bars for each 
ligament are for the multiple lines representing the DRC. 

 L0 [mm] LNP [mm]

DRC  23.6 ± 4.5  22.5 ± 3.1 
DIC  23.9 ± 6.5  23.4 ± 6.0 
LRL  17.4 ± 3.1  16.1 ± 3.5 
SRL  11.5 ± 4.5  8.5 ± 3.8 
UTq  18.9 ± 3.4  15.5 ± 3.5 
UL  19.2 ± 4.6  17.1 ± 5.7 
RScC  28.1 ± 5.1  25.8 ± 3.9 

 
 
 
 
Table 1 Minimal recruitment 
length (L0) and the length in the 
neutral position of the wrist (LNP) 
of the present for seven extrinsic 
and one intrinsic (DIC) wrist 
ligaments. RCL  14.5 ± 4.9  10.2 ± 5.2 

ε [%]

ε [%]


