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Abstract
Purpose: To determine the in vitro motion of the scaphoid and lunate during wrist circumduction
and wrist dart-throw motions and to see how these motions change after the ligamentous stabilizers
of the scaphoid and lunate are sectioned in a manner simulating scapholunate instability.

Methods: Twenty-one fresh-frozen cadaver forearms were moved through a dart-throw motion and
a circumduction motion using a wrist joint simulator. Scaphoid and lunate motion were measured
with the wrist ligaments intact and after sectioning of the scapholunate interosseous ligament, the
scaphotrapezium ligament, and the radioscaphocapitate ligament.

Results: In the intact wrist the scaphoid and lunate moved more during circumduction than during
the dart-throw motion. With ligamentous sectioning the scaphoid flexed more and the lunate extended
more during both the circumduction and dart-throw motions. During the circumduction motion both
before and after sectioning the global motion of the scaphoid was greater than that of the lunate. After
sectioning the scaphoid motion increased and the lunate motion decreased.

Conclusions: The scaphoid and lunate motions were observed to change remarkably after
ligamentous sectioning. The observed changes in carpal motion correlate with the clinical observation
that after ligamentous injury arthritic changes occur in the radioscaphoid joint and not in the
radiolunate joint. Analysis of the injured wrist in positions that combine flexion-extension and radial-
ulnar deviation may allow noninvasive diagnosis of specific wrist ligament injuries.
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Many activities involving the wrist are motions that require a combination of wrist flexion-
extension and radial-ulnar deviation. These motions frequently include a dart-throw type of
motion.1 Although the in vivo and in vitro motions of the wrist carpal bones during planar wrist
flexion-extension and planar wrist radial-ulnar deviation have been studied,2−13 a dart-throw
motion only now is being studied in an organized biomechanical fashion.14−16 For this study
we chose to study a dart-throw motion with a limited (20° total) radial-ulnar deviation motion,
which may not be indicative of the motion used in throwing a ball or other activities with
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extreme ranges of motion. In some activities such as stirring a bowl, wrist circumduction is
the primary motion. The purpose of this study was to determine the in vitro motion of the
scaphoid and lunate during these functional arcs of wrist motion. A second purpose was to see
how these motions change after the ligamentous stabilizers of the scaphoid and lunate are
sectioned in a manner simulating scapholunate instability.

Methods
A wrist-joint motion simulator17 was used to move 21 fresh-frozen cadaver wrists through
cyclic dart-throw and cyclic circumduction motions. The average age of the specimens was 67
years (range, 31−87 y) and there were 11 male and 10 female specimens. Each wrist was moved
by pulling on the wrist flexors and extensors by hydraulic cylinders under computer control,
using both force feedback and position control. The dart-throw motion corresponded to a cyclic
motion with the wrist starting at 30° of wrist extension and 10° of radial deviation and moving
to 30° of wrist flexion and 10° of ulnar deviation and then back to wrist extension and radial
deviation for 6 cycles. This dart motion corresponds to the arc C shown in a previous
publication.15 The circumduction motion corresponded to an elliptic motion having the same
extremes of motion as the dart-throw motion but with the wrist first in 10° of radial deviation,
moving to 30° of flexion (with no radial-ulnar deviation), then to 10° of ulnar deviation (with
no flexion-extension), to 30° of extension (with no radial-ulnar deviation), and back to radial
deviation. This also was repeated for 6 cycles. In each arm the motions of the scaphoid and
lunate were measured using electromagnetic motion sensors (Fastrak; Polhemus, Colchester,
VT) mounted onto carbon fiber rods cemented into the dorsal aspect of each bone. The motion
of the third metacarpal was measured by directly attaching a sensor to the third metacarpal and
was assumed equivalent to the motion of the wrist. The motion data were measured
continuously during smooth motions of the wrist between the predetermined end points for
both circumduction and the dart-throw motions.

Kinematic data were collected with the wrist soft tissues intact. The scapholunate interosseous
ligament, the scaphotrapezium ligament, and the radioscaphocapitate ligament then were
sectioned as described previously18 and each wrist was moved through 1,000 cycles of wrist
flexion-extension to simulate the clinical situation of instability occurring several weeks after
the acute injury because of continued use. Kinematic data again were collected and defined as
unstable. The neutral scaphoid, lunate, and wrist positions were defined with the intact wrist
being held under computer control at neutral flexion-extension and neutral radial-ulnar
deviation under low tendon loading. For each dart-throw and circumduction motion the
extremes of the angular motion of each carpal bone were determined.

Each motion then was visualized in the transverse plane as from the fingertips. The third
metacarpal circumduction motion appears as an oval (Fig. 1) and the dart-throw motion appears
as a diagonal line (Fig. 2). For each circumduction motion the 2-dimensional centroid of the
motion in the transverse plane and the area of the motion as viewed in the transverse plane
were computed. The centroid of motion can be considered as the center point of the motion.
The area of motion is computed from the area within the oval or enclosed region of bone motion.
The area of motion might be considered an indicator of the overall global motion of the bone.
Differences were tested using a 1-way repeated-measures analysis of variance at a p value of
less than .05.

Results
In the intact wrist the angular extremes of scaphoid and lunate flexion and extension were
greater statistically during the circumduction motion (Table 1, Fig. 1) than during the dart-
throw motion (Table 2, Fig. 2). The extremes of radial and ulnar deviation, however, were
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relatively small during both motions and were not statistically different between motions,
perhaps because of the relatively small amount of wrist radial-ulnar deviation angulations
during these motions. After ligamentous sectioning during the circumduction motion (Fig. 1)
the unstable scaphoid statistically flexed more and extended less, and the unstable lunate
statistically flexed less and extended more. Also the scaphoid statistically radially deviated less
and ulnarly deviated more and the lunate statistically radially deviated more. After ligamentous
sectioning during the dart-throw motion (Fig. 2) the unstable scaphoid statistically flexed more
and the unstable lunate statistically flexed less and extended more. Also the scaphoid
statistically deviated more ulnarly.

During the intact dart-throw motion the scaphoid and lunate generally followed the path of
wrist motion defined by radial deviation in extension and ulnar deviation in flexion. With
ligamentous sectioning the path of the scaphoid and lunate became variable.

During the circumduction motion (Table 3, Fig. 1) the area of motion of the scaphoid before
or after ligament sectioning statistically was greater than the motion of the lunate before or
after ligament sectioning. The global motion of the scaphoid after sectioning was greater
statistically than before sectioning whereas the converse was true for the lunate. The lunate
statistically moved less after sectioning. The centroid of scaphoid motion statistically moved
ulnarly and into flexion after ligament sectioning whereas the centroid of the lunate moved
toward extension.

Qualitatively after ligamentous sectioning, increased scaphoid dorsal-volar motion was
observed in 9 of 21 arms such that the scaphoid would ride up onto the dorsal rim of the radius
during part of the wrist motion. After ligamentous sectioning a gap also was observed between
the scaphoid and lunate in 16 of the 21 arms, suggesting an increase in the radial-ulnar motion
of the scaphoid.

Discussion
The purpose of this study was to understand better how the scaphoid and lunate move during
wrist dart-throw and circumduction motions. In the intact specimen the motion of the scaphoid
and lunate generally follow the motion of the wrist or third metacarpal but to a lesser magnitude.
After ligament sectioning the scaphoid and lunate motions were observed to change
remarkably.

These observations are based on the motions tested in this study in which the motion end points
were limited to 30° of flexion, 30° of extension, 10° of radial deviation, and 10° of ulnar
deviation. A study that examines a larger range of motion may provide different findings. The
dart-throw motion tested in this study based on these end points is thought to represent a
functional arc of wrist motion used in activities of daily living.1 Other dart-throw motions in
which there are equal amounts of wrist flexion and ulnar deviation and extension and radial
deviation15 have been shown in the intact wrist to have less carpal motion than the dart motion
studied here.

Measurement of scaphoid and lunate motion can be affected if the cable to the electromagnetic
motion sensor (Fastrak) is positioned poorly, causing the composite rod cemented into the
carpal bone to twist. Before each experiment each wrist was moved through a range of motions
and the cable was taped in a position to allow sufficient slack to prevent a torque from being
applied to the sensor. The composite rods were placed into holes in the dorsal aspect of the
carpal bones so that there was no interference with the dorsal capsular structures and so that
the rods did not impinge with each other or the dorsal radius. The wrists in which impingement
occurred were not included in this study.
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A limitation of this study was the manner in which the areas and centroid locations were
calculated for the circumduction motions. In 4 of the 21 arms a small portion of the
circumduction motion for the scaphoid and lunate appeared as a figure of eight. The motion
was not a single area but 2 or more areas. The methods used to compute the area and centroid
would have subtracted this smaller area from the major area. Therefore these arms were deleted
from the statistical analysis of the area measurements.

Little data have been presented on how the scaphoid and lunate move during wrist
circumduction. Previously we showed14 that during circumduction the scaphoid, lunate, and
triquetrum generally follow the path of wrist motion. Other investigators such as Salvia et
al19 measured the amount of global wrist motion during circumduction but not the individual
carpal bone motions.

More research has been performed on how the carpal bones move during a dart-throw motion.
15,16 Ishikawa et al16 examined changes in carpal kinematics during wrist flexion-extension,
radial-ulnar deviation, and the dart-throw motion. Similar percent contributions of the lunate
toward wrist motion were seen in the dart-throw motions of their study as compared with the
current study. The benefit of the current study, however, was to provide comparisons between
the dart-throw and circumduction motions and between the intact and the unstable wrist
conditions for each arm.

The increased scaphoid motion (both angular and translational) and decreased lunate motion
after ligament sectioning correlate well with clinical observations of carpal changes after wrist
injury. These findings may help explain the clinical observation that after ligamentous injury
to the wrist, arthritic changes occur in the radioscaphoid joint but not in the radiolunate joint.
Early diagnosis of these injuries may prevent these arthritic changes. Analysis of the injured
wrist in positions that combine flexion-extension and radial-ulnar deviation motion may allow
noninvasive diagnosis of specific wrist ligament injuries.
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Figure 1.
Motion of the third metacarpal, scaphoid, and lunate for a wrist circumduction motion viewed
from the fingertips in the transverse plane with all wrist structures intact (intact) and with the
scapholunate interosseous ligament, scaphotrapezium ligament, and radioscaphocapitate
ligament sectioned and after 1,000 cycles of wrist motion (unstable). The motion of the wrist
is viewed as an oval. The area within the oval is considered to be representative of the global
wrist motion. The areas within the scaphoid and lunate motions also are computed. Flexion
and radial deviation are positive.
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Figure 2.
Motion of the third metacarpal, scaphoid, and lunate for a wrist dart-throw motion viewed from
the finger-tips in the transverse plane with all wrist structures intact (intact) and with the
scapholunate interosseous ligament, scaphotrapezium ligament, and radioscaphocapitate
ligament sectioned and after 1,000 cycles of wrist motion (unstable). Flexion and radial
deviation are positive.
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Table 1
Wrist Circumduction Motion

Angular Extremes Scaphoid, degrees (SD) Lunate, degrees (SD) Third Metacarpal, degrees

Intact maximum flexion 26.0 (3.6) 18.0 (6.5) 30.0

Intact maximum extension −28.2 (2.9) −17.6 (6.3) 30.0

Intact maximum radial deviation 3.5 (1.4) 2.8 (1.4) 10.0

Intact maximum ulnar deviation −4.5 (2.5) −3.9 (1.9) 10.0

Unstable maximum flexion 33.8 (4.8) 0.8 (9.7) 30.0

Unstable maximum extension −21.8 (9.0) −23.5 (9.0) 30.0

Unstable maximum radial deviation −0.3 (7.3) 4.4 (2.7) 10.0

Unstable maximum ulnar deviation −16.6 (7.9) −3.1 (2.6) 10.0

Flexion and radial deviation are defined as positive.
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Table 2
Wrist Dart-Throw Motion

Angular Extremes Scaphoid, degrees (SD) Lunate, degrees (SD) Third Metacarpal, degrees

Intact maximum flexion 17.6 (4.8) 10.8 (7.3) 30.0

Intact maximum extension −19.0 (4.0) −8.5 (4.6) 30.0

Intact maximum radial deviation 2.8 (1.5) 1.8 (1.5) 10.0

Intact maximum ulnar deviation −3.3 (2.3) −5.2 (5.0) 10.0

Unstable maximum flexion 28.2 (5.2) −0.8 (10.9) 30.0

Unstable maximum extension −17.6 (7.2) −18.4 (8.6) 30.0

Unstable maximum radial deviation 0.8 (5.9) 2.1 (2.4) 10.0

Unstable maximum ulnar deviation −13.3 (7.5) −3.7 (2.5) 10.0

Flexion and radial deviation are defined as positive.
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Table 3
Wrist Circumduction Motion

Carpal Status Area (SD) Xbar (SD) Ybar (SD)

Scaphoid: intact wrist 215.5 (100.6) −0.3 (1.6) −2.7 (4.4)

Scaphoid: unstable wrist 626.1 (206.3) −7.2 (5.8) 5.0 (5.0)

Lunate: intact wrist 126.8 (83.7) −0.6 (1.1) 2.1 (4.4)

Lunate: unstable wrist 54.4 (38.1) −0.1 (2.1) −8.5 (7.5)

Area, total motion of carpal bone = area of circumduction motion (degree2); positive Xbar, centroid movement toward radial deviation (degree); positive
Ybar, centroid movement toward flexion (degree)
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