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a b s t r a c t

Purpose: The purpose of this study was to determine whether the excursion of the scaphoid tuberosity
and therefore scaphoid motion is minimized during a dart-throwing motion.
Methods: Scaphoid tuberosityexcursionwas studied as an indicator of scaphoidmotion in29 cadaverwrists
as they were moved through wrist flexion-extension, radioulnar deviation, and a dart-throwing motion.
Results: Study results demonstrate that excursion was significantly less during the dart-throwing motion
than during either wrist flexion-extension or radioulnar deviation.
Conclusion: If the goal of early wrist motion after carpal ligament or distal radius injury and recon-
struction is to minimize loading of the healing structures, a wrist motion in which scaphoid motion is
minimal should reduce length changes in associated ligamentous structures. Therefore, during rehabil-
itation, if a patient uses a dart-throwing motion that minimizes his or her scaphoid tuberosity excursion,
there should be minimal changes in ligament loading while still allowing wrist motion.
Study Design: Bench research, biomechanics, and cross-sectional.
Level of evidence: Not applicable. The study was laboratory based.

� 2016 Hanley & Belfus, an imprint of Elsevier Inc. All rights reserved.

Introduction

Optimal postsurgical treatment of scapholunate interosseous
ligament (SLIL) tears and distal radius fractures should stabilize a
tear or fracture site while still allowing for early wrist motion.
Most published studies discuss methods to detect, grade, or
repair injuries1,2 and do not emphasize rehabilitation methods. A
rehabilitation method suggested by Moritomo et al3 advocates that
patients use a dart-throwing pattern of motion after surgery.

Previous studies4-6 have shown that scaphoid motion is
minimized during a dart-throwing motion as compared with wrist
flexion-extension or radioulnar deviation. This would suggest that
a dart-throwing type of motion might reduce the ligament forces
on a repair or fracture while still allowing wrist motion. However,
the patient-specific dart-throwing orientation that minimizes

carpal motion varies between subjects.6 The purpose of this study is
to assess a method that might eventually help determine a patient-
specific dart-throwing motion that minimizes scaphoid tuberosity
excursion. A second purpose was to determine if there is an
association between scaphoid tuberosity excursion and SLIL length
changes during wrist motion.

The first hypothesis of this study is that excursion of the
scaphoid tuberosity is minimized during a dart-throwing motion
compared with a wrist flexion-extension or radioulnar deviation
motion. The second hypothesis is that a specific orientation of a
dart-throwing motion will reduce scaphoid tuberosity motion
more than other orientations. In this study, it is assumed that a
wrist motion with less tuberosity movement will have less
scaphoid motion, with less associated dorsal and volar SLIL elon-
gations, which, in turn, will reduce loading on a SLIL repair or a
distal radius fracture. If excursion of the tuberosity is clinically
measured by direct palpation, one could determine the dart-
throwing motion orientation during which the tuberosity excur-
sion is minimal. If a patient can be trained or guided to use this
wrist motion, scaphoid motion would be reduced and thus pre-
sumably allow for early range of motion exercise of the wrist when
minimal carpal motion and SLIL length change are desired.
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Purpose of study

The purpose of this study was to determine whether the
excursion of the scaphoid tuberosity is minimized during a
dart-throwing motion.

Methods

Cadaver wrist motion

Analyses involved scaphoid and lunate kinematic data from 29
(average, 67.8 years; range, 29-98; 14 females and 15 males)
cadaver wrists. Each wrist had been previously cyclically moved
through flexion-extension, radioulnar deviation, and dart-throwing
motions using a wrist joint motion simulator7 while intact6 and
after various ligament sectioning sequences.8-11 In this study,
analyses included only the data from scaphoid and lunate motions
while all ligaments that were intact were analyzed.

During the wrist flexion-extension motion, the wrist moved
from 50 degrees of flexion to 30 degrees of extension and back to 50
degrees of flexion repetitively for 6 cycles. During the radioulnar
deviation motion, the wrist moved from 20 degrees of ulnar
deviation to 10 degrees of radial deviation and back to 20 degrees of
ulnar deviation repetitively for 6 cycles. During the dart-throwing
motion, the wrist moved from 30 degrees of extension and 10
degrees of radial deviation to 30 degrees of flexion and 10 degrees of
ulnar deviation and back to extension and radial deviation repeti-
tively for 6 times. The limits of 50 degrees of flexion, 20 degrees of
ulnar deviation, and 10 degrees of radial deviation were selected
based on previous testing that identified some wrist motion limi-
tations at the end ranges of motion. Study requirements necessi-
tated that all wrists achieve the same endpoints of motion. The limit
of 30 degrees of extensionwas selected to prevent the lunate sensor
post (described later) from hitting the dorsal rim of the radius.

Six of these wrists had also been moved using a wrist simulator
through 9 different orientations of a dart-throwingmotionwhile all

Fig. 1. Nine dart-throwing wrist motions studied as viewed in the transverse plane.
Motion A is a pure extension-flexion motion. Motion I is a pure radial deviation to
ulnar deviation. The other 7 motions were as the wrist moved from extension and
radial deviation to flexion and ulnar deviation. The length of each line corresponds to
the excursion of the motion. Reprinted with permission from Ref. 6.

Fig. 2. Wrist joint motion simulator used to test each wrist. Motion of the third
metacarpal and therefore the wrist was measured by an electromagnetic sensor
mounted on the third metacarpal. Motion of the scaphoid (and lunate) was measured
by sensors attached to posts cemented into each bone. These motions were referenced
to the sensor mounted on the distal radius. Wrist motion was caused by actuators
connected in series with clamps attached to the wrist flexors and extensors.

Fig. 3. Excursion of the scaphoid tuberosity movement during a flexion-extension
motion is shown by a series of red spheres during the wrist motion. Scaphoid (blue)
and lunate (green) are located with wrist in extension. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this
article.)
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