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Study on dinosaur locomotion mechanism based on mechanical functional morphology of musculoskeletal
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Dinosaurs are terrestrial vertebrates with unparalleled diversification over 160 million years of lineage
They range from bipedal to quadrupedal and from small to the largest species in history, covering almost the
entire diversity of legged terrestrial vertebrates in size. From this point, the ultimate goal of this study
is to construct a general design principle of terrestrial locomotion that can be applied to diverse body sizes

or locomotor types by understanding the locomotor mechanism of dinosaurs.

Locomotion in terrestrial vertebrates is emerged from the musculoskeletal system and interaction with the
environment. The skeleton supports the body, and the mechanical function of the muscular system maintains
the posture of the skeleton. The muscular system is composed of many elements, such as muscles and tendons
and the active and passive functions interact to coordinate the movement of the skeleton and realize locomotion.
We aimed to clarify the essential dinosaur locomotion mechanism based on the mechanical functional morphology
of the musculoskeletal system. However, the elements of the musculoskeletal system of dinosaurs were left
only the bones, and the muscular system must be reconstructed

In many previous approaches to reconstruct the muscular system, the muscular system has been estimated based
on the morphological homology of extant sisters of dinosaurs (e.g., crocodiles and avians).

However, the elements of the musculoskeletal system of dinosaurs were fundamentally left only the bones, and
the muscular system must be reconstructed

Therefore, in this study, we proposed an approach to construct dinosaur locomotion based on the correlation
between the morphology and mechanical function of the musculoskeletal system (we called this mechanical
functional morphology) of extant sisters. First, in preparation, we dissected extant sisters to hypothesize
the fundamental locomotion mechanism. Next, we developed physical models of the musculoskeletal system of
the dissected species and verified the feasibility of the hypotheses. From this approach, we revealed the
stance mechanism of the crocodilian hindlimbs based on the passive coordination of the muscular system and
interaction with the environment.

Furthermore, we revealed the mechanical backgrounds of the Engage-Disengage Mechanism observed in the
intertarsal joint of ratites. Finally, we attempt to construct locomotion mechanisms by applying the mechanical
functional morphology of extant sisters to the dinosaur skeleton. As a result, we succeeded in realizing the

stance of the hindlimbs of the dinosaur skeleton based on the stance mechanism of a crocodilian hindlimb.

Through these approaches, we succeeded in constructing the dinosaur’s locomotion based on the mechanical
functional morphology of the musculoskeletal system. However, in this dissertation, only the stance mechanism
of dinosaur hindlimbs has been clarified, which is only the beginning of the road to realizing the terrestrial

locomotion of dinosaurs
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AFNERSUE, SRR BRI U CEHFTRE TR AT BB 5 Z LA TE D r a3t —r g OB R
FHFEHAET 5 2 LR B L LT, TOMLERIAEHOR AT~ a VDA D= A LZBET HI2DDF
EOBZRE FEGE, WITHTZRREHOr 3= g VAN = A LER LN LR EE L OO THD. B
DuraAF— g AN ALNSIARNREEr 2T — g VORI FEEZEET L L WO MBI T A F 7%, 2
B 1.6 (HFEER L, REOP TokE LHEHESMIIAZ RV RO R E SRBK, BMTIRRBOZHR I LT
RICEREHBTEY, Zhb O LERE~OWEIG & SR ERIC T 2INAEZHL cr 25— a v ORE
AR TE D LEZTND.

BEEOnaE—2 a vERLHICT 2 LT, MHirEROBERNRIRIBENET TR, HROVENSGEENDIZ
B 2B CRAEIHR A, BREE L OMBEAEM R E, MrEisROBREL T 26 A E 5 17 HIBERE OB (mechanical
functional morphology)iC & > TERINZHEERRO TEDA N =X LOHRICEZ ZBE VWS, — 5T, 2&E
FIZBWTIIH a8 R OMERECTH 2 iR OBER KDL T 5 & » ) HEfEEE Of#ERH 5. < OREO MR
D=®IT, HARAEIICOHE 7 2 BEHOBALBE(T =L BB I 5T 5 8% D mechanical functional
morphology IO B aEt—y a v A A= XL ZM@EEH YT T X 2GRN AR > THL2ICT S C
EDORFIIIARE S, Z LT, RO a2 - 2 Y EERT 3RO L 1R BREH O BKRYIE T
N~EERT e TCoas—va v ERRTE 222l 5. B 1FETIE, ULEOHESRD mechanical
functional morphology ICEO K BEHOBAR L v I E - a VA A= X LDPAL ICT 3 FEDREICOWTIRR
TWw3, $FE2ECIE, AFRCESCTFERRREL LT, V2EBKick W<, MR & BEERDOHEER O REBIN
ERINDHHR~EERT 2 2 & T, HiROEEIC X ) BB OB OEB) % ZEC I L Crfir 2 KR - MR 2 2 A
ZRLEWO2IC LTS, £z, FIEWTIR, HF2ETTRLEY B ONL L HEED A 1 = X 2% BRI AHE)
THHOREEEZH LN LIZZ LIZOoWVWTHRRTWND., X510, F4TETIE, BFED intertarsal joint I 7L & 1 2 B
B IR - JHih X ¢ 3% 2 7 = X 4 (Engage-disengage mechanism) 23 EH & 2 HEWBEREZHAS I L Tn»
3. Z LCHELSETIE, V_HoZENBEHIRGHICH D AL A A = X L L% % MEHITORESE Protoceratops
andrewsi DRBUTHEAIL, ma®—ab ORMHELRDIN 2RI L LRI TS, BEHOnaE—a WF5EICE
WSROI RENAE 2 H T Z BRI E B B LI 02— ab OAN= A LI ETICALNLTEL T, HERMZEIC
KU CHT e ilE L 5.2 DR CH 5.

PED LS, Fiaix, BEEHOIZRETH L U B NEOH B ROV L £ 2 bAEEND ) FHIBRE D
BICESWTREEOr 35— g VAN AL EHLNCT 5 —EOFELZRL, THETHLA TV ik
BB OSSN ZE RB T DA D= L5 R LTS, Lo TARRIIHE LR E LTMEH D LD LR 5.




