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Classification of disc degeneration (Pfirrmann) sPINE 26,: 1873-8,2001

Grade  Structure

Distinction of

Nucleus and Anulus

Signal Intensity

Height of

Intervertebral Disc

| Homogenous,

bright white

1 Inhomogenous

with or without

horizontal bands

111 Inhomogenous, gray

IV Inhomogenous,

gray to black

\% Inhomogenous, black

Clear

Clear

Unclear

Lost

Lost

Hyperintense,
isointense to

cerebrospinal fluid

Hyperintense,

isointense to

cerebrospinal fluid

Intermediate

Intermediate to

hypointense

Hypointense

Normal

Normal

Normal to

slightly decreased

Normal to

moderately decreased

Collapsed disc space

Clasification of disc degeneration (Mochida) J Bone Joint Surg 83-B:501-5, 2001

Normal hydration: no apparent cleft or dehydration

Slight: a small cleft or dehydration limited to the central area of the disc

Moderate:

a large cleft or dehydration which extended to

either the cephalic or caudal vertebral junction

Pronounced:

with a large cleft or dehydration which extended to

both cephalic and caudal vertebral junctions

P19
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contained
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d) 15
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6) Nishimura K,_Mochida J. Percutaneous reinsertion of the nucleus pulposus. An experimental
study. Spine 23: 1531-1539, 1998
7) Suzuki K, Mochida J, Chiba M, Kikugawa H. Posterior stabilization of degenerative lumbar

spondylolisthesis with a Leeds-Keio artificial ligament. A biomechanical analysis in a porcine
vertebral model. Spine 24: 26-31, 1999

8) Mochida J, Suzuki K, Chiba M. How to stabilize a single level lesion of degenerative
spondylolisthesis. Clin Orthop 368:126-134, 1999

9) Okuma M,_Mochida J, Nishimura K, Sakabe K, Seiki K. Reinsertion of stimulated nucleus

pulposus cells retards intervertebral disc degeneration: An in vitro and in vivo experimental study. J
Orthop Res 18: 988-997, 2000

10) Nomura T,_Mochida J, Okuma M, Nishimura K, Sakabe K. Nucleus pulposus allograft retards
intervertebral disc degeneration. Clin Orthop 389: 94-101, 2001

11)_Mochida J, Nishimura K, Okuma M, Nomura T, Toh E. Percutaneous nucleotomy in elite
athletes. J Spinal Disord 14:159-164,2001

12) Mochida J, Toh E, Nomura T, Nishimura K. The risk and benefits of percutaneous nucleotomy
for lumbar disc herniation. A 10-year longitudinal study. J Bone Joint Surg 83-B: 501-505,2001

13) Watanabe K, Mochida J, Nomura T, Okuma M, Sakabe K, Seiki K: Effect of reinsertion of

activated nucleus pulposus on disc degeneration. An experimental study on various types of collagen

in degenerative discs. Connective Tissue res 44:1-5, 2003
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14) Sakai D, Mochida J, Yamamoto Y, Nomura T, Okuma M, Nishimura K, Nakai T, Ando K,

Hotta T. Transplantation of mesenchymal stem cells embedded in Atelocollagen ge;l to the

intervertebral disc: a potential therapeutic model for disc degeneration. Biomaterials 24: 3531-3541,
2003
15)Yamamoto Y, Mochida J, Sakai D, Nakai T, Nishimura K, Kawada H, Hotta T: Upregulation of

the viability of nucleus pulposus cells by bone marrow-derived stromal cells; significance of direct

cell-to-cell contact in coculture system. Spine 29:1508-1514, 2004
16)

78: 929-933, 2004
17) Sakai D, Mochida J, Yamamoto Y, Toh E, lwashina T, Miyazaki T, Inokuchi S, Ando K, Hotta T:

Immortalization of human nucleus pulposus cells by recombinant SV 40 adenovirus vector:

Establishiment of a novel cell line for the study of human nucleus pulposus cells. Spine 29:
1515-1523, 2004
18)_Mochida J: New strategies for disc repair; novel preclinical trials. J Orthop Sci 10: 112-118,
2005
19)
79: 861-868 , 2005
20) . : 16: 421-427, 2005
21)Sakai D, Mochida J, Iwashina T, Watanabe T, Nakai T, Ando K, Hotta T.

Differentiation of mesenchymal stem cells transplanted to a rabbit degenerative disc model. potential

and limitation for stem cell therapy in disc degeneration. Spine 30: 2379-2387, 2005
22) Iwashina T, Mochida J, Miyazaki T, Watanabe T, Iwabuchi S, Ando K, Hotta T,

Sakai D. Low-intensity pulsed ultrasound stimulates cell proliferation and proteoglycan production

in rabbit intervertebral disc cells cultured in alginate. Biomaterials. 27:354-61,2006
23)Sakai D, Mochida J, Iwashina T, Watanabe T, Suyama K, Ando K, Hotta T.

Atelocollagen for culture of human nucleus pulposus cells forming nucleus

pulposus-like tissue in vitro: influence on the proliferation and proteoglycan production of HNPSV-1
cells. Biomaterials 27:346-53,2006

24) Sakai D, Mochida J, lwashina T, Hiyama A, Omi H, Imai M, Nakai T, Ando K, Hotta T.
Regenerative effects of transplanting mesenchymal stem cells embedded in atelocollagen to the
degenerated intervertebral disc. Biomaterials 27:335-45, 2006

25) Iwashina T, Mochida J, Sakai D. Feasibility of using a human nucleus pulposus cell line as a cell

source in cell transplantation therapy for intervertebral disc degeneration. Spine 31, 1177-1186, 2006

26) An HS, Masuda K, Thonar E, Mochida J: Biologic Repair and Regeneration of the Intervertebral
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Disc. In Corbin TP, Connolly RJ, Yuan HA, Bao QB, Boden SD (eds): Emerging Spine Surgery
Technologies Quality Medical Publishing, Inc., St. Louis, MO, 2006 pp. 161-177.

27) Watanabe T, Sakai D, Iwashina T, Mochida J. Activation of human nucleus pulposus cells with
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2005
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contributes to postnatal neovascularization by mobilizing bone-marrow derived endothelial
progenitor cells. EMBOJ 18: 3964-3972, 1999

34) Llevadot J, Murasawa S, Kureishi Y, Uchida S, Masuda H, Kawamoto A, Walsh K, Isner JM,
Asahara T. HMG-CoA reductase inhibitor mobilizes bone marrow-derived endothelial progenitor
cells. J Clin Invest 108: 399-405, 2001

35) Matsumoto T, Kawamoto A, Kuroda R, Ishikawa M, Mifune Y, lwasaki H, Miwa M, Horii M,
Hayashi S, Oyamada A, Nishimura H, Murasawa S, Doita M, Kurosaka M, Asahara T. Therapeutic
potential of vasculogenesis and osteogenesis promoted by peripheral blood CD34-positive cells for
functional bone healing. Am J Pathol 169: 1440-1457, 2006

36) Ando K. Extensive generation of human CD34+hematopoietic stem cell from CD 34(-)Lin(-)
cells in vitro. Exp. Hem. 28: 690-699, 2000

37)Ando K. Human CD34-hematopoietic stem cells: basic aspects and clinical relevance. Int. J.
Hematol. 75: 370-375, 2002

P35



15

o
2004
2004
4 3
CD29,
CD44, CD73,CD105, CD166 CD14, CD34, CD45
neural ganglioside GD2
o
SoP
MSC 5 8
in vitro
30
in vivo in vitro in vivo
14-4

P36



feeding cell

P37

16



17 (1/5)

giving way/( )

P38



17 (2/5)

1 feeding
cell
20 30
4
MRI Pfirrmann 11
Mochida contained moderate

P39



50ml

14-4

5001

MRI

28

15

1x10°

P40

20 50ml

1 3 6 12 24 36

17 (3/5)

26



17 (4/5)

12 24 36
ADL
MRI Pfirrmann Mochida
digital
Mochida method X
@t(c ) (b)+(c f )
a)MRl  Pfirrmann 11 v, v
b)MRI  Mochida moderate  pronounced
contained
c) 2/3
d) 15
e) 5
L))
GOT(AST) GPT ALT) LDH
BUN CRP CPK Na K CL

P41



17 (5/5)

Classification of disc degeneration (Pfirrmann) sPINE 26,: 1873-8,2001

Grade  Structure

Distinction of

Nucleus and Anulus

Signal Intensity

Height of

Intervertebral Disc

| Homogenous,

bright white

1 Inhomogenous

with or without

horizontal bands

111 Inhomogenous, gray

IV Inhomogenous,

gray to black

\% Inhomogenous, black

Clear

Clear

Unclear

Lost

Lost

Hyperintense,
isointense to

cerebrospinal fluid

Hyperintense,

isointense to

cerebrospinal fluid

Intermediate

Intermediate to

hypointense

Hypointense

Normal

Normal

Normal to

slightly decreased

Normal to

moderately decreased

Collapsed disc space

Clasification of disc degeneration (Mochida) J Bone Joint Surg 83-B:501-5, 2001

Normal hydration: no apparent cleft or dehydration

Slight: a small cleft or dehydration limited to the central area of the disc

Moderate:

a large cleft or dehydration which extended to

either the cephalic or caudal vertebral junction

Pronounced:

with a large cleft or dehydration which extended to

both cephalic and caudal vertebral junctions
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