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2010), ) .
(Xu et al. ,
2006) , ,

IVPP V14531 IVPP V14532,

0 ( 3 m) H
s (
, ) ,

: 1) (Extreme extension
or flexion) ,

( 1A);2) (Limited
extension or flexion) ,

( 1B),

(Galton, 1971 ; Gishlick,
2001 ;Senter,2006a,b,c;Senter and Robins,2005),

. Galton
, (Plateo-
saurus) (Mallison, 2010),

1
Diagram illustrating manual digit extension and flexion
A. .EE: LEF: ; B.
LLE: ,LF:
A. Extreme extension and flexion, EE:Extreme extension,EF:
Extreme flexion;B. Limited extension and flexion, LE: Limited

extension, LF: Limited flexion.
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Photograph of left hand of Guanlong specimen IVPP V14531 in dorsomedial view
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3 IVPP V14531 () (G

Dorsal(left) and ventral (right) views of three-dimensional digital model of left hand of Guanlong specimen IVPP V14531

4 IVPP V14531 () C

Manual digits of left hand of Guanlong specimen IVPP V14531 in limited extension(left) and flexion (right) positions
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5 1 . (G N (G

Manual digit II in horizontal, extreme extension and flexion positions (left) and horizontal,limited extension and flexion positions (right)

6 111 . (G N (G

Manual digit IIT in horizontal, extreme extension and flexion positions (left) and horizontal.limited extension and flexion positions (right)
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Manual digit IV in horizontal,extreme extension and flexion positions (left) and horizontal,limited extension and flexion positions (right)

I

Comparisons of estimated manual digit extension and flexion among Guanlong (based on “limited” values from this study)

and other theropods
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Summary

Guanlong is a basal tyrannosauroid theropod
dinosaur from the upper part of the Shishugou
Formation of the Junggar Basin in the Xinjiang
region of northwest China, which is Late Jurassic
in age (Xu et al., 2006). In this study we
evaluated the ranges of flexion and extension at the
various joints within the hand of Guanlong, based
on laser scans of the wellpreserved left manus of
the holotype specimen (IVPP V14531). The scans
were processed using Rapidform XOV2 to create
three-dimensional digital models of the metacarpals
and phalanges, which were then imported into
Autodesk Maya and used to construct an
articulated model of the complete manus. A system
of hierarchically arranged joints was constructed in
Maya in order to allow precise three-dimensional
positioning of the model, as in scientific
rotoscoping studies in which a model is used to
duplicate the recorded movements of a living
animal (Gatesy et al. , 2010).

Ranges of joint motion are difficult to estimate
precisely in fossil taxa. In the present study, we
generated both “limited” and “extreme” estimates
of mobility for each joint within the manus, using
explicit anatomical criteria. Extreme flexion or
extension was defined by the point at which the
palmar (for flexion) or dorsal (for extension) lip
of the proximal articular surface of the more distal

bone involved in the joint contacted the shaft of the

more proximal bone, preventing further rotation.
Limited flexion or extension was defined by the
point at which the edges of the palmar or dorsal
edges of the smooth articular surfaces of the two
bones were as closely congruent as possible. In
Maya, each joint was rotated in either direction
until the criterion for extreme flexion or extension
was fulfilled, and the smaller angle at which the
criterion for limited flexion or extension was
fulfilled was also noted. Physical manipulation of
the fossil bones was used to guide manipulation of
the Maya model, and to confirm the plausibility of
the results.

Previous studies of joint mobility in theropod
hands (Galton, 1971; Gishlick, 2001; Senter,
2005, 2006a, b; Senter and Robins, 2005) have
estimated ranges of flexion and extension based on
the boundaries of the opposing articular surfaces.,
using essentially the same criterion we have
adopted for our limited estimates. These studies
have recognized the potential for error in their
results, often emphasizing the possibility that soft
tissues might restrict motion to a slightly narrower
range than that indicated by the articular surface
Mallison’” s (2010)

illustrations of the manus of the basal sauro-

boundaries. By contrast,
podomorph Plateosaurus in flexed and extended
postures suggest that he followed an approach
closer to our protocol for estimating extreme
ranges of motion, allowing rotation well beyond
joint surface boundaries. Our limited and extreme
flexion and extension

values for represent
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somewhat conservative and very liberal estimates
of the range of motion, respectively, and it is
likely that the true endpoints of flexion and
extension for each joint would have lain between
our limited and extreme estimates.

For most joints the extreme and limited values
were rather far apart, the discrepancy averaging
23° in the case of flexion and 39° in the case of
extension (excluding a joint whose geometry made
the extreme criterion difficult to apply for both
flexion and extension). These large gaps highlight
the difficulty of precisely constraining ranges of
joint motion based on osteological criteria alone,
and imply a need for extensive data from living
taxa regarding the relationship between osteologi-
cal features such as joint surface boundaries and
actual ranges of motion at manual joints.
However, our limited values can serve as the basis
for some cautious comparisons to previous studies.
The manual joints of the allosauroid theropod
Acrocanthosaurus (Senter and Robins, 2005) were
capable of much greater

almost uniformly

extension than those of the dromaeosaurid

Deinonychus (Senter, 2006a), whereas those of

Deinonychus were generally capable of greater
flexion. Our results for limited flexion and
extension indicate that the manual joints of digits II
and III in Guanlong were intermediate between
those of Acrocanthosaurus and Deinonychus with
regard to the range of extension, and varied widely
but approximately within the range defined by
Acrocanthosaurus and Deinonychus with regard to
flexion. Patterns for digit IV were more
distinctive: the metatarsophalangeal joint had little
mobility in either direction, the first inter-
phalangeal (IP) joint was even more biased
towards extension than in Acrocanthosaurus, the
second IP joint was comparable in its mobility to
that of Acrocanthosaurus, and the third and final
IP joint was comparable to that of Deinonychus.
Taken together, these results hint at a rough trend
towards greater capacity for manual flexion and
reduced capacity for manual extension on the line
to paravian theropods such as Deinonychus, but
studies of many more taxa and improved methods
of estimating ranges of motion will be needed in

order to adequately test this possibility.



