Neurohistological Study of Chronic Compression
of the Spinal Cord using the Tiptoe Walking
Yoshimura(twy) Mouse
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Fig.1. Appearance of A twy mouse (tiptoe walking
Yoshimura mouse). It walks on tiptoe because of the
ankylosed limbs.
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Fig.2. Photographs of the cervical spinal cord of twy
mouse. (A) Ventral view. (B) Dorsal view. A twy mouse
has a marked posterior compression of the spinal cord
between C2 and C3 level. Open black arrow indicates the
C2 dorsal spinal root. Scale bar indicate 1 mm.
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Fig. 3. Motoneuron position measured by the vertical and
horizontal coordinates of the HRP-labeled cell bodies.
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Fig.4. Photomicrographs of cross section through the C2-C3 segment of a twy mouse at the compressed area. Cresyl violet
stain. (A) Posterolateral compression (one side) (33 cases), (B) Lateral compression (8 cases), (C) Posteromedial compression (7
cases), (D) Posterolateral compression (both sides) (2 cases). Scale bar indicate 100 pm.
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Fig.5. Schematic diagrams of serial cross section through
the C2-C3 segment showing changes in cytoarchitectonic
structure. (A) Control, (B) Slight compression (TRAS=
79.6%), (C) Moderate compression (TRAS=51.0%), (D)
Severe compression (TRAS=25.5%). TRAS (%)=transve-
rse remnant area of the spinal .cord.
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Fig.6. Relationship between transverse remnant area of the
spinal cord (%)} and the number of motoneurons. Signifi-
cant correlation between TRAS (%) and number of
motoneurons after Probit tranformation was observed. (A)
Compression side : Y=0.02X+4.48, r=0.765:(p<0.05). (B)
Non-compression ‘side : Y=0.121X+5.09, r=0.639 (p<0.05).
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Fig.7. Number of motoneurons in the compression side.
Values are given as the mean=+SD. Spinal cord from Cl
to C3 were divided into four segments. A, most rostral
site (rostral region from Cl ventral root): B, rostral site
(between C1 ventral root and C2 dorsal root); C, compres-
sion site (between C2 dorsal root and C3 dorsal root); D,
cauda] site (caudal site from C3 dorsal root). *, p<0.05 by
ANOVA and Scheffé’s post hoc tests or by Kruskal
Wallis" ANOVA and Hollander-Wolfe's. pest hoc. tests.
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Fig.8. Number of motoneurons in non-compression side.
Refer to the footnotes of Fig. 7.

X 2BHEORTEEEF A0 PEEMCERINEROR
B LIA2FHEEEFAYY R END D, R TIXHRBEENR
WZEHEAEF BMP (bone morphogenetic protein) % #EA L#
BRHEEEREIRLL0"R, FEFS v VEETOTE
FRNBRIC L 2R bOBHEMEEE 7Y, BEAE
WRAKDEBRINLAE L 758 B (methyl cellulose-polyacryl-
onitrile compound) #EZETZEF ALY, RELELIL TS,
LaL, WFhd ABWERENRLETH D KROBFHOBHE
R EAMCIIRE LTV isy . ZhE THRAILIACHE
HOBUHEERBZOVWTI D ABEMCEETAFRII, -
fo. SEAGCCEEEBRERE <Y A (twy v v 2) X, H—
F O NAPRFELEL LW EREFHELECBREEEST
e LTHbh, FHOEGHEEEREY & v ABHCEETS
ZEMAIEL o Tz,

—7, & P BHOEEZET A LD T, CTM 2 MRI 4 &
DOHEHORMEG» LB LN D BEETERE L, Ono b DFEHR
PEILEDERE T A~ 2 — EBEEREREOHBEY L LT LA
WRABEINS. LaL, WFRL 3KRITNERy b7 -2
ETHOEMOBEY —FHENE TR LITERY, ZThITH
HEDIEMEEIEREIC 2V T 3R TS HM 2 EE LT - o8
HiX7gw . KRBT twy = v A0OFHFTAMRICER L, %
EREGHBUR RTS8, FREBEEOHARYS
BT aiiAfiRErERToz 4k, BHEREIC X AE1A
HRRD 3R RES OB BERT A Z LN TEEL o »

Fig.9. Photomicrographs of cross section through the
C2-C3 segment showing HRP-labeled accessory neurons.
(A) Dorsomedial group (Nucleus G2 of Kitamura), (B)
Dorsolateral group (Nucleus G6 of Kitamura)) TMB-HRP
method with a neutral-red counterstain. Scale bar indicate
50 um.
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Fig:10. Relationship between transverse remnant area of the
spinal- cord- (%) and* total" number of HRP-labeled cells.

(A) Compression side: (B) Nonscompression side.
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Fig. 11. Diagram of the dorsal view, through the segments
from .Cl to C3, of the medial column (dark area) and
lateral column (black area) of the spinal accessory nucleus.
(A).Control. :(B) A twy mouse, TRAS=49.4%. -
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Fig. 12. Schematic diagram of Rexed's laminar structure of
the posterior horn on sagittal view. Open black arrow
indicates compressed site. Top is rostral part.
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Neurohistological Study of Chronic Compression of the Spinal Cord using the Tiptoe Walking Yoshimura (twy)
Mouse Yasuhisa Maezawa, Department of Orthopeadic Surgery, School of Medicine, Kanazawa University, Kanazawa
920—1J. Juzen Med Soc., 102, 575 — 585 (1993)
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Abstract

To investigate spinal cord elasticity under chronic compression experimentally, possible structural defects in the spinal
cord were studied using the tiptoe walking Yoshimura (twy) mouse, an animal model of ossification of the ligamentum
flavum. In the twy mouse, wheat germ agglutinin horseradish peroxidase (WGA-HRP) was injected into the sternomastoid
muscle. Two or three days later, the mice were deeply anesthetized and perfused with 8% formalin transcardially. Most of
the spinal cords extracted vertically from the spinal canal, had marked posterior compressions between C2 and C3 level due
to calcification of the posterior atlanto-axial ligament. The cervical cord segments (C1-C3) were cut into serial transverse
sections 50 z«m thick on a frozen microtome. Immediately after the sections, alternate sections were serially mounted on
glass slides and treated for HRP histochemistry with tetramethyl benzidine (TMB), while the remaining ones were stained
with cresyl violet (Nissl stain). The relationship between the total number of motoneurons counted in the Nissl stained
preparations and the magnitude of compressions, demonstrated three phases; the number of motoneurons showed very little

‘or no change under light compression (over 70% in the transverse remnant area of the spinal cord (TRAS)), a positive liniar

correlation in cases of moderate compression (between 70% and 50% in TRAS), and a fixed minimum number in cases of
severe compression (below 50% in TRAS). The distribution pattern of the accessory motoneuron pools, which were retro-
gradely labeled with WGA-HRP injected into the sternomastoid muscle, suggested that the motoneurons do migrate rostrally
from the site of compression showing a "toothpaste”-like movement. This "toothpaste”-like movement strongly suggests
pathoelasticity of the spinal cord under chronic compression.



