Durability and Biological Response of a New Posterior

Dynamic Stabilization System Using Polyethylene with
Vitamin E

HAK LR RV R BN R 22 00 B

WA ]
5 2018 4F

EEAE s R’



Hindawi

BioMed Research International

Volume 2018, Article ID 5785708, 5 pages
https://doi.org/10.1155/2018/5785708

Research Article

Hindawi

Durability and Biological Response of a New Posterior Dynamic
Stabilization System Using Polyethylene with Vitamin E

Koji Matsumoto

and Yasuaki Tokuhashi

Department of Orthopaedic Surgery, Nihon University Itabashi Hospital, 30-1 Oyaguchikamimati Itabashi-ku, Tokyo 173-8610, Japan

Correspondence should be addressed to Koji Matsumoto; monsq8@yahoo.co.jp

Received 17 May 2018; Accepted 13 August 2018; Published 25 September 2018

Academic Editor: Shiro Imagama

Copyright © 2018 Koji Matsumoto and Yasuaki Tokuhashi. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Objective. The purpose of this study was to evaluate the durability and biological response of a new Posterior Dynamic Stabilization
system using polyethylene with vitamin E on the sliding surface. Summary of Background Data. The use of polyethylene with vitamin
E on the sliding surface in Posterior Dynamic Stabilization has not been reported previously. Methods. A developed pedicle screw-
based Posterior Dynamic system consists of four parts: a set screw, a rod, a ball, and a pedicle screw. The rod is inserted into the
through hole of the ball, and the ball is sandwiched by the set screw. (1) Fatigue Wear Test. Testing was conducted under a dynamic
compressive load of 50N at a speed of 1 Hz for 1 million cycles. We examined the loss of polyethylene due to abrasion in 3 units.
(2) Biological Response in Pigs. In two pigs, a new pedicle screw and a conventional pedicle screw were inserted in L2 and L3/4,
and L4 and L2/3, respectively. After breeding for 6 months, autopsies were performed. CT imaging was used to evaluate bone
union of the facet joint. Abrasive specimens were prepared, and abrasion powder and inflammatory cell infiltration were evaluated
microscopically. Results. The average loss of polyethylene due to abrasion was -0.01 mg. In all units, polyethylene showed a decrease
of 0.1 mm or less at the contact point with the set screw. The facet joints between the conventional screws exhibited bone fusion,
but the facet joint between the conventional and the new screw retained mobility with no bony fusion. No abrasion powder was
found and inflammatory cell infiltration was only minimally observed. Conclusion. The new Posterior Dynamic Stabilization system

exhibited a high level of durability and biological safety.

1. Introduction

At present, spinal fusion is widely performed. However,
spinal fusion surgery increases the load and stress caused
by movement in the adjacent segment. The occurrence
of adjacent segment disease (ASD) after spinal fusion is
reported as 4.8-92.2% [1] and is considered an inevitable
complication after spinal fusion surgery. In order to avoid
these complications, various Dynamic Stabilization systems
have been developed [2-5]. Nonfusion stabilization has been
reported as preventing ASD in two meta-analyses [6, 7].
However, these systems are problematic in terms of durability
and biological reactions caused by abrasion powder [8-13].
Artificial joints for the knee and hip using polyethylene on the
sliding surface have been developed and applied clinically and
have achieved good results. We have developed a new pedicle
screw system which features polyethylene on the sliding

surface. The system uses vitamin E-containing polyethylene,
which has been used on the sliding surface for knee and
hip artificial joint replacement surgery and is said to be
resistant to oxidative stress and abrasion [10, 12]. Until now,
no system using polyethylene with vitamin E on the sliding
surface in Posterior Dynamic Stabilization has been reported.
The present study evaluates the durability and the biological
response of this new system.

2. Materials and Methods

New Posterior Dynamic Stabilization system: a major feature
of this new pedicle screw system is that the relationship
between the vertebral body and the rod is not completely
fixed but semi-fixed. It consists of four parts: a set screw, arod,
a ball, and a pedicle screw. The pedicle screw and set screw
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FIGURE 1: A new Posterior Dynamic Stabilization system using polyethylene with vitamin E. ® A set screw, @ a rod, ® a ball of polyethylene,
and @ a pedicle screw. The rod is inserted into the through hole of the ball and the ball is sandwiched by the set screw.
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FIGURE 2: (a) Photo of the durability testing machine: testing was conducted under a dynamic compressive load of 50 N at a speed of 1 Hz for

1 million cycles. (b) Pattern diagram of the durability test machine.

are made of Ti - 6Al - 4V alloy, and the ball is made of cross-
linked UHMWPE (ultra high molecular weight polyethylene)
containing vitamin E (Teijin Nakashima Medical, Blend - E
XL). It was achieved by irradiation with a 10MeV electron
beam at 300kGy. The ball's diameter is 8 mm and a through
hole of 5.5 mm matching the rod diameter exists in the center
of the ball. The rod is inserted into the through hole of the
ball and fitted to the U-shaped groove of the pedicle screw,
and the ball is sandwiched by the set screw. An existing
product (Stryker Xia ¢ 5.5 mm Ti - 6 Al - 4 V) is used
for the rod. The pedicle screw has a range of movement
of up to 15° on one side around the ball and also allows
movement between the rod and the ball. The sliding surface is
made of metal - polyethylene, and the two opposing surfaces
on which the ball slides feature mirror surface processing.
One is a pedicle screw U-shaped groove; another is inside
the set screw. Each contact surface has a concave shape
because contact is made with a spherical diameter of 8 mm
(Figure 1).

2.1. Fatigue Wear Test. The new pedicle screw system was
fixed to the testing machine (Mini Bionix: MTS Japan)
(Figure 2). Testing was conducted under a dynamic com-
pressive load of 50N at a speed of 1Hz for 1 million cycles.
We examined the loss of polyethylene due to abrasion and

the presence or absence of system breakage of 3 units. The
test room temperature was 20.3 to 23.1°C and the humidity
was 25 to 35%. A calf serum solution with a total protein
mass of 20 g/l was used as the lubricating liquid [14]. The
weight of the ball was measured with an electronic balance
(A&D). The loss of polyethylene was calculated as the weight
difference between the polyethylene at the end of the test and
another polyethylene sample immersed in lubrication during
the same period as the test. The appearance of the ball, the
sliding surface of the set screw, the sliding surface of the main
body screw, and the appearance of the rod were observed
with a digital microscope (Keyence), and the shape change
of the ball was observed with a three-dimensional digitizer
(SOLUTIONIX).

2.2. Biological Response in Pigs. The experiment was con-
ducted on two mini pigs with an age and weight of 3 years,
7 months and 47.4 kg, and 2 years, 8 months and 48.3 kg,
respectively. The two mini pigs were anesthetized and screws
inserted the pedicles of both sides of L2.3.4. In the first pig,
a new pedicle screw was inserted in L2 and a conventional
pedicle screw (5.5 x 40 mm Stryker Xia) was inserted in
L3,4. In the second pig, a new pedicle screw was inserted
in L4 and a conventional pedicle screw was inserted in L2,3.
Screws were fixed with a 5.5 mm rod (Stryker Xia) (Figure 3).
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FIGURE 3: Pig intraoperative photo. A new pedicle screw and a conventional pedicle screw were inserted in L2 and L3,4, and L4 and L2,3,

respectively.

()

(®)

No.3

Dorsal

Ventral

Bulging 0.05mm
0.00mm
Dent -0.05mm

FIGURE 4: (a) Appearance of polyethylene ball: in all units, a depression was found at the contact points with the set screw. (b) Shape change
of polyethylene ball: the depression seen in all units was less than 0.1 mm.

After breeding for 6 months, autopsies were performed and
vertebral bodies, screw, and rod were removed in one piece.
CT imaging was used to evaluate bone union of the facet
joint. In addition, abrasive specimens were prepared. After
Villanueva bone staining and Toluidine blue staining, the
presence or absence of polyethylene and metal abrasion
powder and bone soft tissue surrounding the screw were
evaluated histologically under a microscope. This study has
been approved by the Ethics Committee of Nihon University
School of Medicine.

3. Results

3.1. Fatigue Wear Test. The loss of polyethylene was 0.02 mg
for Unit No. 1, 0.01 mg for Unit No. 2, and -0.06 mg for

TABLE 1: Abrasion amount of polyethylene.

No. 1
0.02 mg

No. 2
0.01 mg

No. 3
-0.06 mg

Average
-0.01 mg

Unit No. 3. The average loss of polyethylene due to abrasion
was -0.01 mg (Table 1). All units showed a polyethylene
decrease of 0.1 mm or less at the contact point with the
set screw (Figure 4). No obvious damage was observed on
the sliding surface of the pedicle screw, the rod, and the set
SCrew.

3.2. Biological Response in the Facet Joint. The facet joints
between the conventional screws exhibited bone fusion, but



FIGURE 5: CT image of the spine removed from a pig. The joint space
disappears as a result of rigid fixation and bone fusion (L2/3). The
joint space is retained as a result of Dynamic Stabilization (L3/4).

FIGURE 6: Microscopic image (Villanueva bone stain: photograph
magnification 20 times). Polyethylene (PE) and metal abrasion
powder were not found in the soft tissue around the screw head.
Abnormal osteolysis was not observed in bone tissue around
the screw, and inflammatory cell infiltration was only minimally
observed.

the facet joint between the conventional and the new screw
retained mobility with no bony fusion (Figure 5).

3.3. Biological Response in Bone Soft Tissue Surrounding the
Pedicle Screw. No polyethylene or metal abrasion powder
was found in the tissue.

Abnormal osteolysis was not observed and inflammatory
cell infiltration was only minimally observed in the bone and
soft tissue surrounding the screw.

Aseptic lymphocyte-dominant vasculitis-associated le-
sion (ALVAL), a reactivity change caused by abrasion powder,
was not observed (Figure 6).

4. Discussion

In order to avoid the complication of adjacent segmental
disease after spinal fusion surgery, various systems that
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preserve intervertebral disc mobility without rigid inter-
vertebral fusion have been developed [2]. However, none
of these have proved to be ideal. Existing systems have
a sliding surface of metal on metal, but metal on metal
generates metallic abrasive powder. Such systems have been
reported to cause an adverse reaction due to metal debris
(ARMD) mainly based on lymphocyte accumulation and
tissue necrosis [15, 16]. Osteolysis, a result of the biological
reaction caused by polyethylene abrasive powder, has also
been reported in a system using a sliding surface of metal on
polyethylene [17]. Therefore, it is important to use polyethy-
lene which has excellent durability against abrasion on the
sliding surface. Although artificial joints using polyethylene
on sliding surfaces have been developed for various joints,
Posterior Dynamic Stabilization using polyethylene on the
sliding surface in the field of the spine has not been reported.
We have developed a new Posterior Dynamic Stabilization
system using vitamin E-containing high molecular weight
polyethylene, which has been reported to have excellent
durability in impingement and friction under oxidative stress
(10, 12]. In the durability test of the present study, the
decrease in polyethylene due to abrasion was very small, and
deformation in the polyethylene was also mild. However, in
Unit No. 3, polyethylene weight exhibited an increase after
the test. This may have been caused by the absorption of
moisture and oil texts in the lubricating liquid. We believe
that polyethylene wear in Unit No. 3 was as minimal as it
was in the other two units, which would explain the increase
seen in Unit No. 3 as being the result of absorption. In
addition, since the polyethylene sample used to calculate
the loss of polyethylene was not loaded, the conditions for
absorption were different from that of the unit undergoing
the wear test. Although this was a limitation in our research,
it seems to be a measurement error indicating a very small
degree of wear. In addition, no damage was observed on
the pedicle screw, the rod, or the set screw including the
sliding surface. It was possible to reduce the occurrence of
abrasion powder to a very low level while confirming the
durability of the new system. Furthermore, in the animal
experiment using two mini pigs, no polyethylene or metal
wear powder was found in the tissue. Inflammatory cell
infiltration was only minimally observed and osteolysis and
ARMD were not observed. These results indicate the safety
of the new pedicle screw system in vivo. The facet joints
between the conventional screws exhibited bone fusion, but
the facet joint between the conventional and the new screw
retained mobility with no bony fusion. These results indicate
that new Posterior Dynamic Stabilization system functions in
vivo and supports the possibility of its clinical application.
Artificial joints using polyethylene for sliding surfaces in
the knee, elbow, and hip joints are widely used, and the
ability to apply such mechanisms to the sliding surface
of the spine is a subject that will continue to see further
development in the future. The most important findings of
this study are that polyethylene was used for the first time
on the sliding surface in Posterior Dynamic Stabilization
and that a high degree of durability and biological safety
were attained. However, it is recognized that this system is
the first prototype and that there is still much room for
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research and development. The limitation of this study is the
difference in the vertebral body characteristics in mini pigs
and humans. This system is limited in the braking force of
flexion-extension although there is a braking force in the
anterior-posterior direction, and the long-term performance
is unknown. Further development of instruments and long-
term observation are desired.

5. Conclusion

A new Posterior Dynamic Stabilization system using
polyethylene on the sliding surface exhibited a high level of
durability and biological safety.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

This manuscript had been presented as a conference paper
under Joint Meeting of Istanbul Spine Masters & ISMISS
Turkey 2018.

Conflicts of Interest

We received assistance from Teijin Nakashima Medical for
the production of screws and materials. The research was
funded by Teijin Nakashima Medical. Neither the funding
agency nor any outside organization has participated in study
design or have any conflicts of interest. Teijin Nakashima
Medical had final approval of the manuscript.

Acknowledgments

Department of Therapeutics for Aging Locomotive Disorders
and donation to Orthopaedic Department were used for this
study. Department of Therapeutics for Aging Locomotive
Disorders was paid by Teijin Nakashima Medical. Donation
to Orthopaedic Department was paid by Takeda Pharma-
ceutical Company Limited, Zimmer Biomet Holdings Inc.,
Stryker Japan KK, Kaken Pharmaceutical Co.

References

[1] X.-P.Xia, H.-L. Chen, and H.-B. Cheng, “Prevalence of adjacent
segment degeneration after spine surgery: a systematic review
and meta-analysis,” The Spine Journal, vol. 38, no. 7, pp. 597-608,
2013.

[2] C. Gomleksiz, M. Sasani, T. Oktenoglu, and A. Ozer, “A
Short History of Posterior Dynamic Stabilization,” Advances in
Orthopedics, vol. 2012, Article ID 629698, 12 pages, 2012.

[3] T. Kaner, M. Sasani, T. Oktenoglu, and A. F. Ozer, “Dynamic
stabilization of the spine: A new classification system,” Turkish
Neurosurgery, vol. 20, no. 2, pp. 205-215, 2010.

[4] R. Sasso, D. M. Foulk, and M. Hahn, “Prospective, randomized
trial of metal-on-metal artificial lumbar disc replacement: ini-
tial results for treatment of discogenic pain,” The Spine Journal,
vol. 33, no. 2, pp. 123-131, 2008.

[5] R. D. Guyer, P. C. McAfee, R. J. Banco et al, “Prospec-
tive, randomized, multicenter Food and Drug Administration
investigational device exemption study of lumbar total disc
replacement with the CHARITE artificial disc versus lumbar
fusion: Five-year follow-up,” The Spine Journal, vol. 9, no. 5, pp.
374-386, 20009.

[6] C.Ren,Y. Song, L. Liu, and Y. Xue, “Adjacent segment degener-
ation and disease after lumbar fusion compared with motion-
preserving procedures: a meta-analysis,” European Journal of
Orthopaedic Surgery and Traumatology, vol. 24, pp. 245-253,
2014.

[7] J. Siewe, C. Otto, P. Knoell et al., “Comparison of standard fusion
with a “topping off” system in lumbar spine surgery: a protocol
for a randomized controlled trial,” BMC Musculoskeletal Disor-
ders, vol. 12, article 239, 2011.

[8] R. E. McCarthy, D. Sucato, J. L. Turner, H. Zhang, M. A. W.
Henson, and K. McCarthy, “Shilla growing rods in a caprine
animal model: A pilot study,” Clinical Orthopaedics and Related
Research, vol. 468, no. 3, pp. 705-710, 2010.

[9] J.L.Lee, E Billi, S. N. Sangiorgio etal., “Wear of an experimental
metal-on-metal artificial disc for the lumbar spine;” The Spine
Journal, vol. 33, no. 6, pp. 597-606, 2008.

[10] S. Teramura, H. Sakoda, T. Terao, K. Fujiwara, K. Kawai, and
N. Tomita, “Reduction of wear volume from accelerated aged
UHMWPE knee components by the addition of vitamin E
Journal of Biomechanical Science and Engineering, vol. 4, no. 4,
Pp. 589-596, 2009.

[11] M. P. Grevitt, A. D. H. Gardner, and J. Spilsbury, “The Graf
stabilization system: early results in 50 patients,” European Spine
Journal, vol. 4, no. 3, pp. 169-175, 1995.

[12] Y. Takahashi, T. Tateiwa, G. Pezzotti, T. Shishido, T. Masaoka,
and K. Yamamoto, “Improved Resistance to Neck-Liner
Impingement in Second-Generation Highly Crosslinked
Polyethylene—The Role of Vitamin E and Crosslinks,” The
Journal of Arthroplasty, vol. 31, no. 12, pp. 2926-2932, 2016.

[13] Y. Tokuhashi, M. Oshima, and Y. Ajiro, “A Novel Pedicle Screw
with Mobile Connection: A Pilot Study,” BioMed Research
International, vol. 2014, Article ID 841958, 6 pages, 2014.

[14] INTERNATIONAL STANDARD ISO 181921 Implants for
surgery-Wear of total intervertebral spinal disc prostheses 2011.

[15] H. Willert, G. H. Buchhorn, A. Fayyazi et al., “Metal-on-metal
bearings and hypersensitivity in patients with artificial hip
joints,” The Journal of Bone and Joint Surgery-American Volume,
vol. 87, no. 1, pp. 28-36, 2005.

[16] B.J.R.E Bolland, D.]. Culliford, D.]. Langton, J. P.S. Millington,
N. K. Arden, and J. M. Latham, “High failure rates with a large-
diameter hybrid metal-on-metal total hip replacement: clinical,
radiological and retrieval analysis,” The Journal of Bone & Joint
Surgery—British Volume, vol. 93, no. 5, pp. 608-615, 2011.

[17] J. M. Wilkinson, A. J. Hamer, I. Stockley, and R. Eastell,
“Polyethylene wear rate and osteolysis: Critical threshold versus
continuous dose-response relationship,” Journal of Orthopaedic
Research, vol. 23, no. 3, pp. 520-525, 2005.



(4]

B2 IVEADRY =F Lo a2 DT LW JTEY > 2 7 L DA & AW ER UG
[H]

FEEEICEZ I VEADRY =F L o2 W B LW HlE S 27 L Ot AN & £
IS RS 5 Z &

(&

BUE, B R AR OB ME 9~ 0 JEI % L TR S EHEEEMT M T T b, Lol
THEE EHTII R O AR 2N S ¥ 25 2 & ©, BEEBOBEHEREE 28 SE 5, T
B, FEIRPEBAT, WS FRR L, PRI E ML T5 2 L b h D, MEHERIBEE 0% A4
FEIX review paper (23N TILBERHERIRE S ORI A IESCBIEHIM O Z£IC L Y 4.8-92.2% &
MEIA S SRR S TV ad, BRENZESWTIZFE 37.6 T HOBEM LY NPy Eo
BEREHERIRE Y 43. 3% CH D | HFINZHLTEL LIZDIX 16. 0% o 72, T OBEBHERIFEE %
R % 7o O IR [ 7 MEURTE] [ & Cld e < HERI O RTEhPE 2 7% L 7o b2 72 0 27 A BETE S
NEBICHR T 2BBEHEREEZ S I EPAREIN TS, LEALBRRLIRLDTR
T DA EEFENZ L B AW F SRR E & 720 . WEIZICHAN R > AT AT/
W, 07, BRI BIET IR IS AR U =T L v & Vs A TR % < EH S LRIk
MEIDTND, S HICEEZEMCMEREEICEN T2 IV EADRY =F L )56
BEN, L BARBREEEZNSO TS, EZIVEIRYVTFLURNICTZ I —FVhL
AR IAI, WBFEL TV =TV INDORIGE T & TRILEZEN & MMEREEEZSD Z &
DENHIVTW D, M= TIELARNCFEEIE 2° metal on metal O%FTHIEIT AT AZBHFE L
WRZEAT>Te, L LR S GREREROFAENELE 20 | BRISHITITES o7z,
Z 2 CEH 2 I I L EME T R I BN E X I E AVDORY =F L a2 H
WEH LW THIEN S AT L2 NT o~ AT 4 v L RFERE Lz, K AT L3k
PEMERIRE 5 TB5 B 0 B E EEHERR SRR BT 2 2 L 2 BN E LT 5, BIfEE T, &7 E)
VAT AZEWTHEImIIEZ I E ADRI ZF LAWY AT AFHE I TN
RN, ZOHT LU AT ADTANE & A F OG % 3 L7,

[71%]

HLWRFHIEI S AT DI T A I NAT ) a—EAR— bty NAT U 2a— KDk S
N5, F—VEFEXIEAVORY =F LU H-(THY P.LZiEe Yy ROEBLNRH Y &
v ATV 2= THR—/)VERTIATHEIEIZ > TV 5D,

L. B LW FHIEY S AT LY 57 BEFERBR

HLWANT A I NRAT Y a—V AT AEay RERER Y Y 2 —RE|EIZ/2 5 K9 IZHER
MEICEE L7z, BETHE L7-2 v R4 50N OE T -ED 25, +£5° | 1Hz DAL
— RT100 HHA 7 /VFE TR LEWES S fHEEBIEAR Y =F Lo R — L OEEFE &,
R— VO L IRE L, EEhm oML E Lz, 3 RIRICHEBRETT -7,

2. WRIZxEd 5 2P



2BAD I =RICKE U 1 BIEES 2 EHEIC T LWHERAR A 7 U = —Z i A L, 5 3. 4 JEHEIZIER
DOHEPAR A 7 U 2 —Z4EA LTz, DF V. 5 2.3 BEHERTIZHIET & L. 45 3. 4 JEHER 13524
BEL Lz, &9 BRI 4 BHEIHT LWHESAR A 7 U 2 —Z24FA L, & 2.3 JEHEICER
DHESRA 7V a—&ffALuy RCTHEE L, 6 7 HMEABTRICHBL, 6 AL 227
2—&nmy Fa—38UIEIER L7z, CT #5247 VW VHERI BAETE O B il & DRl 217 - 72, £ 72,
BHIUEE TR OF M, X7 U o —JE OB R O FHm 41T > 72,

RIFFEIT L BN T CICTEZER L E L THE LT netal on metal OB IFHIEI S 2T LITIT
SRR, 3 RO EERERBR L . 2 BB EREIT 12, £i-. AFRIZEN
TEE, WEHENCKT BRI,

(5 R]

- Mt APERRER

3 DDORIRDEEIEEFERIT-0. 0lmg Th o7, TRXTOMETE Y FAZ Y 22— & OBHil{E
PR 28070, TENRD OGN TIEL, 0. ImmBL FOMA LRz, A
B & e BB 2GR o 72 o 7z,

- BXEMER] DL & AR OGS

WERDAY V) 2 —CTREREEZIT > 7o HER CIXHERI BT O BB ML L TEB Y . Bl
ALTWVWHI LA CT TR LT, — ., FILWAZ U a—&HW TRl 2 5% L 72 HER] C
VIHEM RIS O PIE AR MR- AL T V HEMBAEI I E & 2RO N2 & % 2 BHOMRIK T
L7,

c XTI NVARZ Y o —JE PR OE R D A ROG

MEENIZAR ) = F L o0& B OBRMIIR D enoTe, NXT 4 VAT U a— L HEROBE
FEBIZIRB N TRFE 2B WIUTRD 2025 1o, BEREH ORISHEZETHALND L D7) X
EREEFEOHBR L ITRB D 72 0 o T2,

[%Z4]

EXIVEADDORY ZF LU ERAWDLRAE LTUICTRSMRI IR COT—F 7727 b
FEND T b D, AFRICB W CTHRBIBES OS2I T2 22 TIE7r—F 777 |k
R E 2 Dotz Ll RY =F LoD X0 o & R Es R O 14 FE 2 SR
19 ECIdlREL 20 95, KMAT A ME 1Hz T 100 FHA 7 {772, NTHEHO
FEFERRBR )7 11 R 2 EEBRS TIX 1Hz T 500 THA ZMATH Z LIZ2->TEY ., KlitA
RERIIAHEREOFHME E LT HaTHD EB X D0, ERICRICHT TEBIMOA T A
FRMETHDH, RUAT AL, BRI THEEmICEXY IV EAV R =F L%k
WO TOT AT A Th D, BRKMEETIZE X I E AVRY =F L oA < BR
JISHENTWD Z L AZBEICAND LS BOERICHNHIFCE 5,

[#53E]

EEmEICE X IV EADRY =F Lo d W8 LW IS S 27 D L@ WA & 4
I S e Y OV



	論文表紙松本
	学位論文松本2
	追加(補足)松本



