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Abstract
The wrist is a complex joint, consisting of the eight small 
carpal bones that articulate with each other, the metacarpals 
distally, and the radius, ulna, and triangular fibrocartilage 
complex proximally. The wrist joint carries out complicated 
motions that combine palmar/dorsal flexion with radio/ulnar 
deviation. Knowledge of in vivo joint mechanics is 
important for understanding pathological mechanisms and 
the treatment of various joint problems. To examine wrist 
joint contact mechanisms, in vitro cadaveric studies have 
been performed using pressure-sensitive film. Investigations 
on in vivo joint contact mechanisms for wrist motion have 
rarely been reported. The aim of this study is to investigate 
in vivo wrist joint contact mechanisms during palmar/dorsal 
flexion by magnetic resonance imaging (MRI). Magnetic 
Resonance scanning was performed on the left wrist of 
twelve participants using a 1.5T-MRI system (Achieva, 
Philips Medical Systems, Best, Netherlands). The wrist joint 
was scanned at 5 positions (palmar flexion, –30 degree; 
neutral, 0 degree; and dorsal flexion, 30, 60 and 90 degrees). 
Quantitative analysis of wrist joint contact mechanisms was 
performed for 12 normal radioscaphoid and radiolunate 
joints. The in-plane motions of the scaphoid and lunate were 
measured. The contact area at the radioscaphoid joint was 
significantly greater than that at the radiolunate joint in all 
wrist positions. The contact area increased with increasing 
wrist angle, and the contact distributions indicated by 3–D 
models of the scaphoid and lunate were moved during 
palmar/dorsal flexion. Contributions of the scaphoid and 
lunate to in-plane motion at 60 degrees of dorsal flexion 
were 74% and 52%, respectively. 
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1. Introduction 
The wrist is a complex joint consisting of eight small 
carpal bones. These carpi are divided into two rows: the 
distal row consisting of the trapezium, trapezoid, capitate, 
and hamate; and the proximal row consisting of the 
scaphoid, lunate, triquetrum, and pisiform. The bones in 
these two rows are articulated with each other. The wrist 
joint comprises the radiocarpal joint, which includes the 
radioscaphoid and radiolunate joints. The radioscaphoid 
joint consists of the scaphoid and radius, and the 
radiolunate joint consists of the lunate and radius. The 
radiocarpal joint is condyloid and capable of movement 
through two axes: palmar/dorsal flexion 
(flexion/extension) and radial/ulnar deviation. The wrist 
joint carries out complicated motions that combine 

palmar/dorsal flexion with radio/ulnar deviation. The 
anatomy of the wrist joint is shown in Fig.1. 

Knowledge of in vivo joint mechanics is important for 
understanding the pathological mechanisms and the 
treatment of various joint problems. Kienböck's disease 
that is one of wrist diseases is known as osteonecrosis of 
the lunate; its cause remains unknown. It is pointed out that 
Kienböck's disease is related to pressure on the lunate [1]. 
During a fall to the ground, the wrist in the extended 
position is subjected to extremely high compressive loads, 
often resulting in fracture of the distal radius or scaphoid; 
however, the pathoanatomy remains unclear [2]. To 
examine the wrist joint contact mechanics, in vitro 
cadaveric studies have been performed using various 
techniques [3-7]. Pressure-sensitive film allowed 
investigators to measure the pressure distribution, contact 
area, and contact force [5, 6]; and thin-film electronic 
pressure sensors have enabled dynamic measurement of 
pressure distribution [7]. However, these techniques are 
employed only in cadaveric studies. On the other hand, 
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Fig.1 Structure of wrist joint. Each bone is expressed by 
the abbreviation; R: radius, U: ulna, S: scaphoid, L: 
lunate, Tl: triquetral, P: pisiform, Tm: trapezium, Td: 
trapezoid, C: capitate, H: hamate. The radioscaphoid 
and radiolunate joints are shown by broken lines  
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many theoretical studies have been performed for analysis 
of wrist joint pressure distribution [8-13]. The in vivo 
study is essential to understand normal joint mechanism in 
detail. Recently, for in vivo studies of human joint contact 
mechanisms, magnetic resonance imaging (MRI) to 
visualize articular cartilage has attracted attention. The 
patellofemoral joint contact mechanism has been examined 
in vivo by MRI [14, 15] and it was reported that MRI was 
an effective method for examining joint contact in vivo.  

Investigations of in vivo contact mechanisms for the 
wrist joint have been reported less frequently than those for 
the other joints such as the knee joint, and in vivo joint 
contact distribution during wrist motion is still unknown. 
The purpose of this study was to investigate the in vivo 
joint contact mechanism during wrist motion by MRI. The 
joint contact during palmar/dorsal flexion 
(flexion/extension) was estimated from derived MR 
images. We performed a quantitative three-dimensional (3-
D) analysis of the human wrist contact area distribution, 
and measured the motions of the scaphoid and lunate 
during palmar/dorsal flexion.  

2. Materials and Methods  
2.1 Image acquisition 

Twelve human participants (mean age 23.8 ± 2.5 years, 
nine male, three female) who had no history of bone and 
joint diseases were enrolled in this study. Their left wrists 
were scanned using a 1.5-T MRI system (Achieva, Philips 
Medical Systems, Netherlands) with a surface coil. A 
principle of selective excitation technique sequence was 
used so that cartilage was visualized clearly (TR = 20 msec, 
TE = 8.2 msec, Flip angle = 25 degrees). The wrist joint 
was scanned at 5 positions (–30 degrees of palmar flexion, 
neutral, and 30, 60, and 90 degrees of dorsal flexion) 
during palmar/dorsal flexion (Fig.2). The home-made 
devices were used to hold the wrist position. These devices 
avoid the movement of the wrist during MR scanning, and 
have no effect on MR scan. The wrist images were 
acquired in the coronal plane. The field of view (FOV) was 
100 mm with a matrix of 512 × 512. The slice thickness 
was 0.5 mm. The scanning time was about six minutes. 

2.2 Joint contact analysis 
Joint contact area was determined by measuring the length 
of visible contact between the radius and scaphoid, and the 
radius and lunate in each slice (Fig.3), multiplying this 
length by the slice thickness (0.5 mm), and then summing 
these values to obtain the total contact area (mm2) [16]. 
This method is highly reproducible and comparable to 
established pressure-sensitive film techniques [17]. A 
single examiner performed all the contact area 
measurements, repeating each measurement four times per 
scan, to obtain an average contact area for each wrist 
position and condition.  

2.3 Reconstruction of three-dimensional surface 
models
The 3-D surface models of the scaphoid, lunate, and radius, 
including cartilage surface data, were reconstructed from 
MR image sets with a commercial software package 

(ZedView DB 4.0, Lexi, Japan). Segmentation of bone and 
cartilage regions was performed manually. 3-D surface 
models of bone with cartilage were used in the creation of 
joint contact distribution maps and the motion analysis of 
the scaphoid and lunate. 

2.4 Motion analysis 
Kinematics of the scaphoid and lunate were analyzed by 
each 3-D bone surface model. The positions of the 
scaphoid and lunate at all wrist angles were studied. For 
the radiocarpal joint in a sagittal view, the in-plane motion 
of the scaphoid and lunate during palmar/dorsal flexion 
was examined by comparing with the positions of bones at 
neutral. The position of the scaphoid was determined by 
the long shaft of the scaphoid. The position of the lunate 
was determined by the line connecting the distal edges of 
dorsal and palmar side.  

Dorsal flexion

Palmar flexion

Neutral

-30 deg

30 deg

60 deg
90 deg

0 deg

Fig.2 Scanning position of the wrist joint. A neutral 
position of the wrist is defined as zero. Positive and 
negative angle values express dorsal and palmar flexion, 
respectively

Fig.3 Typical coronal MR image used for calculating 
contact area. R: radius, S: scaphoid, L: lunate  
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3. Results  
The 3-D model of the radiocarpal joint in a sagittal view is 
shown in Fig.4(a). At –30 degrees of palmar flexion, the 
position of the scaphoid which expressed by the long shaft 
of the scaphoid was roughly perpendicular to the long shaft 
of the radius. The position of the lunate which expressed 
by the line connecting the distal edges of dorsal and palmar 
side was rotated palmarly than the position of the scaphoid. 
During dorsal flexion, the scaphoid and lunate were rotated 
dorsally. At 90 degrees of dorsal flexion, the scaphoid was 
rotated to a position that was parallel to the radius shaft. 
The contact area map on the radius is shown in Fig.4(b). 
During from palmar flexion to dorsal flexion, the contact 
area on the scaphoid fossa that found in the palmar side 
was moved toward the dorsal side. The contact area on the 
lunate fossa was found in the center of the fossa in two 
wrist angles. The scaphoid and lunate are rotated 
depending on the wrist angle. The rotational changes of the 
scaphoid and lunate during the motion of the wrist from –
30 degrees to 90 degrees were estimated (Fig.5). The 
scaphoid rotated more greatly than the lunate. During the 
wrist angle changes from –30 degrees to 90 degrees, the 
ranges of motion for the scaphoid and lunate were 82 
degrees and 57 degrees, respectively. At 60 degrees of 
dorsal flexion, the rotational angles of the scaphoid and 
lunate were 44.5 degrees and 31.2 degrees, respectively. 
Then, the contributions of the scaphoid and lunate to in-
plane motion at 60 degrees of dorsal flexion were 74% and 
52%, respectively. 

During palmar/dorsal flexion, the joint contact 
distribution was analyzed for twelve participants (#1 - #12). 
The joint contact distribution map of the scaphoid and 
lunate at 5 wrist positions are shown in Fig.6. In most wrist 
angles, the contact areas of the radioscaphoid joint were 
greater than those of the radiolunate joint. The 
radioscaphoid joint contacts were confirmed in all wrist 
angles examined. However, in the radiolunate joint, there 
was no contact at some wrist angles. Especially, the 
radiolunate joints for participants #2, #4, and #8 had little 
contact during palmar/dorsal flexion. For all participants, 

the contact area moved from the palmar side to the dorsal 
side during palmar/dorsal flexion. It was noted that joint 
contacts were dependent on individual anatomy. The joint 
contact area was measured directly from MR images. The 
average contact area in twelve participants during 
palmar/dorsal flexion was calculated (Fig.7). At neutral, 
the mean contact areas for the radioscaphoid and 
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Fig.5 Rotational changes for the scaphoid and lunate 
during palmar/dorsal flexion. The mean and standard 
deviation of the rotational angles for twelve participants 
are shown 
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Fig.4 3-D model of the radiocarpal joint at –30 degrees 
of palmar flexion and 90 degrees of dorsal flexion. (a) 
Positions of the scaphoid, lunate, and radius at sagittal 
view are shown. (b) Contact areas of the scaphoid fossa 
(left) and lunate fossa (right) on the radius are shown  
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Fig.6 Contact area distribution map of radiocalpal 
joint. At radioscaphoid and radiolunate joint, contact 
distributions on a scaphoid (left) and a lunate (right) 
are shown. The joint contact region is shown by a dark 
region on each cartilage. For each bone the upper is 
palmar, and the lower is dorsal 
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radiolunate joints were 40.3 ± 13.1 mm2 and 8.7 ± 10.0 
mm2, respectively. The radioscaphoid contact area was 
significantly greater than the radiolunate contact area. The 
radioscaphoid joint had the lowest contact area (36.6 mm2)
at 30 degrees of dorsal flexion, and the highest contact area 
(68.7 mm2) at 90 degrees of dorsal flexion. The radiolunate 
joint had the lowest contact area (3.7 mm2) at 30 degrees 
of dorsal flexion, and the highest contact area (19.9 mm2)
at –30 degrees of palmar flexion. In both the radioscaphoid 
and radiolunate joints, it was observed that an increase in 
wrist angle increased the contact area. 

4. Discussion 
MRI, like computed tomography, is an effective method 
for observing physical internal structures non-invasively. 
In particular, the MR scan is a powerful method for 
imaging soft tissues without radiation. However, MR scans 
visualize bones poorly, and the MR intensity of bone is 
non-uniform. Therefore, it is difficult to describe bone 
structure from MR images. To reconstruct 3-D bone 
surface models from MR image sets, the boundary between 
bone and soft tissue must be apparent. 3-D bone surface 

models can be reconstructed from the detected bone 
outlines. Recently, we investigated the accuracy of 3-D 
MRI-based bone surface models by comparison with an 
actual bone and reported that the surface error in the 3-D 
MRI-based bone model was 1.1 mm [18]. This illustrates 
the potential of 3-D MRI-based bone models to investigate 
joint mechanisms in vivo.  

Until now, investigations of wrist joint contact 
mechanism have been performed in cadaveric studies [2-6]. 
To the best of our knowledge, the only in vivo study was a 
report of Pillai et al. [19], who evaluated in vivo contact 
mechanics of the wrist joint during light grasping. These 
data from the literature on radioscaphoid and radiolunate 
contact areas for the neutral position are summarized in 
Table 1. Viegas et al. [3] and Tencer et al. [4] investigated 
the ratio of the contact areas in the radioscaphoid to 
radiolunate using a cadaver wrist and pressure-sensitive 
film, and these ratios were 0.26 and 0.27, respectively. 
Pillai et al. [19] reported that the values of the contact 
areas of the radioscaphoid and radiolunate joints were 41.6 
mm2 and 10.2 mm2, respectively. Our results for the 
radioscaphoid and radiolunate contact areas were almost 
consistent with those of Pillai et al. [19]. The ratio of the 
radiolunate to radioscaphoid contact areas for all wrist 
angles ranged from 0 to 3.37. It is thought that the contact 
mechanism of the radioscaphoid joint is different from that 
of the radiolunate joint. It will be necessary to carry out 
further in vivo investigations into the contact mechanism 
for the radioscaphoid and radiolunate joints during 
radial/ulnar deviation.  

Change of the joint contact distribution is closely 
connected with the motion of carpal bones. Contributions 
of the scaphoid and lunate to in-plane motion at 60 degrees 
of dorsal flexion were 74% and 52%, respectively. Moojen 
et al. [20] investigated the kinematics of carpal bones using 
CT scan. They reported that contributions of the scaphoid 
and lunate to 60 degrees of dorsal flexion were 87% and 
66%, respectively. Wolfe et al. [21], who performed the 
CT kinematics analysis, concluded that 83% and 45% of 
global wrist dorsal flexion occurs at the radioscaphoid joint 

Table 1 Contact area data of wrist joint 

Author(s)
(subject numbers) Subjects

Radioscaphoid 
contact area 

(mm2)

Radiolunate 
contact area 

(mm2)

Radiolunate 
contact area / 

Radioscaphoid 
contact area

Contact area / 
Total joint area

Viegas et al. (1987) 
(n=10) Cadaver 0.26 0.10 (S)

0.11 (L)

Tencer et al. (1988)
(n=10) Cadaver 0.27 0.21

Kazuki et al. (1991)
(n=4) Cadaver 0.19

Pillai et al. (2007)
(n = 4) In Vivo 41.6 24.5 10.2 3.9 0.24

Present study
(n = 12) In Vivo 40.3 13.1 8.7 10.0 0.22 0.19 (S)

0.04 (L)

 (S): Scaphoid, (L): Lunate 
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Fig.7 Changes in contact area at the radioscaphoid and 
radiolunate joints during palmar/dorsal flexion. The 
mean and standard deviation of the contact areas for 
twelve participants are shown 
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and radiolunate joint, respectively. The motion of the 
carpal bones during wrist motion is influenced by ligament 
and tendon. MRI can visualize soft tissues such as articular 
cartilage, ligament and tendon. Therefore, the kinematics 
analysis that considered the soft tissue may be possible.  

5. Conclusion  
We investigated the in vivo joint contact mechanism of the 
human wrist during palmar/dorsal flexion and observed the 
following: (1) The contact areas on the scaphoid and lunate 
were markedly moved from the dorsal side to the palmar 
side during palmar/dorsal flexion. (2) There were wrist 
angles for which no radiolunate contact was found, while 
radioscaphoid contacts were observed at every wrist 
position in palmar/dorsal flexion. (3) The joint contact area 
was increased with increasing wrist angle during 
palmar/dorsal flexion. (4) The possibility of the kinematics 
analysis that considered the soft tissue was suggested.  
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