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INTRODUCTION 

The condition in which the vertehr日eare uniting osseoush: each other, is represented 

by that of congenital anomalies such as Klippel-Feil’s syndrome, post-inflammatory ones 

such as those seen after tubercolosis or osteomyelitis of the spine, and nrtificial ones, seen 

in the spine fusions. 

In the congenital synostosis of the spine, as shown in eight cases of operation of 

lWAHARA et al. (1961) 24> and one case of TOMITA (1962) 52> in which clelayecl palsy• ap-

peares, spinal movement in a long time requires the exceeding motion at the intervertebral 

dis岱 justabove and below synostosis, and make them the Locus minoris resistentiae against 

injuries. Therefore, dynamic consideration should be given to it’s evalutation. 
On the other hand, osseous union of the vertehrae after inflammation or vertebral 

fusion, the bolck formation in short, is considered to behave in the same way川 the

congenital syno弓tosis,in a long time after the block formation. And therefore it is im-

portant to know the condition of the vertebral column after the block formation from the 

dynamic aspects. 

But there are few investigations on this problem, except only photoelastic studies hv 

ARIMA (1960) 5l, OTANI (1965) 43l, and a vihration study hy KITAMURA (1960) ~o>. 

OTANI, in his work, has mentioned that anterior 2 :3 interbody fusion in antero・

posterior diameter or more is clesirahle. The author, promoting this problem further, 

analyse the influence of vertehral fusion on the adjacent vertebrae, ancl disc plates by 

means of measuring stress clistrihution through two-di mentioned photoelastic study. 

MATERIAL OF THE INVESTIGATIONS 

Diallylphthalate (D. A. P.) pbtes which are recommended by NISHIDA (1943) '0> are 

used for the material of these investigations. 出zeof these plates is 0.6 cm thick and 30 

cm square, and the specimens are obtained from the centre of plates where the initial 

stress is free. 

The size of the vertebral l〕ocly and the intervertt'Hal disc is decided according to 

data of ho (1923) 23> (Table 1), and the height of the disc is a half of the height of 
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vertebral body at the anterior margin, as 0TANI's (1963) 25> data indicat田．

Table 1 Measurement of height and antercトposteriordiameter of the lumbar veτtebrae 

(Sited from ho’s investigation〕

I " . I Distance between ante 田川 eightof the each v町tebra(Average) j and耳目vityaxis !;;' 

1st lumbar I 22.37 （皿皿） I 18.40 (mm1 

2nd lumbar I 22.77 I 17.80 

3rd lumbar I 22.80 I 17.90 

4th lumbar I 23.23 i 18.00 

5th lumbar I 21.90 I 19.20 

1st sacral i - I 19.20 

The inclination of the various part of the column is decided according to UcHJNIS問、
(1965）川 datawhich was calculated from 114 X-ray of sagital view of lumbosacral region 

of normal adults (Table 2). 

Table 2 Angle of the each component of the column (Sited from UCHINISHI's data) 

I Angle corresponding to Ferguson's叩喧le
2nd lumbar I -1-!.5 
3rd lumbar I -5.7 

4th lumbar I ,1.6 

仙 lumbar j 18.5 

!st sacral j 36.9 

Angle between the two vertebrae 

10.9 

11.7 

14.0 

15.7 

15.7 

In this method, the specimens of vertebral column from the 2nd to the upper half of 

the !st sacral spine are made. 

Specimens consist of nine kinds, such as ; 

i) Normal vertebral column as the control (non-fusion column). 

ii) Two specimens of the whole interbody space fusion, one is of the 4th and the 

5th lumbar vertebral body fusion, and the other is of the 5th lumbar and the 1st sacral 

body. 

iii) Two specimens of anterior 2/3 interbody fusion in anteroposterior diameter, 

one is the 4th and the 5th lumbar vertebral body fusion, and the other is of the 5th 

lumbar and the 1st sacral body fusion. 

iv) Two specimens of posterior 2/3 interbody fusion in anteroposterior diameter, 

one is of the 4th and the 5th lumbar vertebral body fusion, and the other is of the 5th 

and the 1st sacral body fusion. 

v ) Two specimens of the vertebral arch fusion, so called the posterior fusion, and 

one is of the 4th and the 5th lumbar vertebral arch fusion, and the other is of the 5th 

and the 1st sacral arch fusion. In these cases, the space of fusion is same as that of iii) 

and iv), above. 

YOUNG’s medius and photoelastic sensitivity of these plat田 areas Table 3. 
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Table 3 Photoelastic charact川市c'of the materials 

！ 川町田

Vertebral arch fusion 
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j YOUNG's med1L円

i 13s.s (kg／皿皿2)
185.9 

155.8 

185目9

120.4 

27.9 

pit• •I• wla,¥ 1ι 
Nぞn、1t1v1t、

Normal lumbar vertebral column 

Whole interbody space fusion 

Ant 2/3 I-B.吋.F. in A-P diam. 

Post目 2/3I-B.汚 Fin A-P diam. 

Disc plates (common to all) 

0.870 (mm/kg) 

0.874 

0.765 

0.874 

0.897 

1.407 

PRINCIPLES OF PHOTOELASTIC EXPERIMENTS 

Isochromatic Lines : 

Isochromatic lines are obtained by taking two plates of photograph, namely the dark 

fielded and the light fielded. 

When the specimen is given load in the system of photoelastic polariscope, which has 

two quarter wave plates, polarizer and analyser, photoelastic fringe patterns are elicited. 

This couple of photograph, which consist of a dark field photograph and a light field 

one is indispensable for the photoelastic study in order to analyse stress distribution. 

Isoclinic Lines : 

These are the lines which connect each point where the direction of stress is equal. 

By describing these lines, the principal stress lines are decided. 

Principal Stress Lines : 

Theses lines mean a group of curves which indicate the direction of str白seasily. 

Stress Distribution : 

Photoelastic fringe patterns are proportionate to differential stress in the midst of the 

specimen. So on the free boundary, fringe order indicates amount of stress at that place. 

Stress is calculated as follows , 

N 
σ＝－ ………………一一一…一………… ……………（ 1 ) 
tα 

σ ： amount of stress (kg/mm2) 

N : fringe order 

t thickness of specimen (mm) 

α ：photoelastic sensitivity (mm/kg) 

METHOD OF LOADING 

There are many concepts on the axis of gravity of human body in standinεposition, 

but there exists no established theory yet. 

ASMUSSEN (1962) 8 has insisted that the axis of gravity falls about 1 cm anteriorly 

from the margin of the 4th lumbar spine. BRAUNE & FISCHER, !To (1923) 23 and ME-

SCHAN (1960) 35 have described that it falls on the upper surface of the 1st sacral spine. 

UcH!NJSHI (1965) 53 has mentioned that the 3rd lumbar spine is settled horizontally in the 

standing neutral position, and the axis of εravity falls down at a right angle to it. 

BRAUNE & FISCHER and ITo have argued that the gravity axis links the anterior 

margin of the 2nd and the 7th cervical spines, after passing in front of the thoracic 
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Experiment I : The Spine Fusions of the 

4th and the 5th Lumhar Vertehrae 

i ) Normal vertehral column : Isochroma-

tic lines are as Fig. 2 ; Isoclinic lines are as Fig. 

3 ; Principal stress lines are as Fig. 4 ; and stress distribution is as Table 4 and Fig. 5. 

ii ) The whole interhody space fusion : lsochromatic lines are as Fig. 6 : lsoclinic 

lines are as Fig. 7 ; Principal stress lines are as Fig. 8 ; and str白sdistrihution is as Table 4 

Fig. I Methリclof loading 
The日rovit＼・ι＂xi只 j,coincided at the p3rt of mark-
ing in L2・

vertehral column, it meets the anterior margin 

of the J st lumhar spine, and falls on the an-

terior part of the upper surface of the 1st sacral 

spine, after passing in the midst of the lumbar 

column. 

According to them, the axis of gravity at 

the part of the 2nd lumhar spine exists slightly 

anteriorly from the center of the vertebral body. 

In the author’s investigations, load of about 50 
kg will he given at that place (Fig. 1). 

Stress is analysed in this loading method 

and in photoelastic measurements mentioned 

ahove. But specimens are different in thick-

ness, Your叫’s medius and photoelastic sen同

sitivity each other, and so correction must be 

done in the following equation. 

N t αD  π＝×一×一× FQ ... ( 2 ) 
tαt。 α。 p
t thickness of the normal vertebral 

column (mm) 

α ：photoelastic sensitivity of the nor-

mal column (mm/kg) 

p0 : load to the normal column (kg) 

p : load to the various specimen (kg) 

PROCEDURE OF EXPERIMENTS 

Table 4 St陀田 atthe p<1'terior margin of the vertebrnl column 

I Normal 仁川｜
Lower L3 I 0創 1（同／rnrn2)
L3吋 o;". r o.s9o 

Whole Ft日 ! Ant. 2/3 S. Fus. I Post. 2/3 S. Fus. ! Ver.十や竺－
0.681 [ o.gog I 0.812 f o.980 

o.no o.980 I o.980 I i.s40 
0.440 o.369 I o.490 i 0.480 
oA8o 0.249 I 0.235 .I 0.490 

「4

r 
〆’で

'.' 
'" ! Iλーメ1 Disc 
守づ
手 UpperS1 

0.306 

0.480 

ふ

p
r
z
－fdzf 
Lower L1 0.841 I 0.681 

0.735 i 0.620 L，→ Disc 

0.900 

0.525 

0.720 

0.680 

0.940 

I.090 
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and Fig. 9. 
iii) The anterior 2/3 interbody fusion in antero-posterior diameter: Isochromatic 
lines are as Fig. 10 ; Isoclinic lines are as Fig. 11 ; Principal stress lines are as Fig. 12 ; 
and stress distribution is as Table 4 and Fig. 13. 

iv) The posterior 2/3 interbody fusion in antero-posterior diameter Isochromatic 
lines are as Fig. 14 ; Isoclinic lines are as Fig. 15 ; Principal str田slines are as Fig. 16 ; 

and stress distribution is as Table 4 and Fig. 17. 

v) The vertebral arch fusion ・ lsochromatics are as Fig. 18; lsoclinics are as Fig. 

19; Principal str白slines are as Fig. 20 , and stress distribution is as Table ’・1 and Fig. 

21. 

Experiment II: The Vertebral Fusion of the 5th Lumbar and the 1st Sacral Vertebrae 
i ) The whole interbody space fusion : Isochromatic lines are as Fig. 22 ; Isoclinic 

lines are as Fig. 23 ; Principal stress lines are as Fig. 24 ; and stress distribution is as 

Table 4 and Fig. 25. 

ii) The anterior 2/3 inter加の fusion in antero・posteriordiameter : Isochromat1c 
lines are as Fig. 26; Isoclinic lines are as Fig. 27; Principal stress lines are as Fig. 28; 
and stress distribution is as Table 4 and Fig. 29. 

Fig. 2 I叫；hromaticsin the normal spinal column 

Fig. 2-a Dark field Fig. 2-b Light field 

At the spino山 process白山 fri叩けrdcr" 0 主tthe vertebral bt》d胤 thefr11 
l来’討lert＜’r margins fro口lthe 2nd vertel》mlI羽，d、tり the5th. 1‘he maximum i芯.1.0’andit existsι1t the I”istじr<’－
k川 rpart J山 3rdlumber body叩 dat the川 tero-upperpart of山 4thlumbar. 
The anterior part of the lumbar column I' 1山1i11l）叫cupied l巧 llじga¥1山 ‘lringe討
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iii) The posterior 2 I 3 inter body fusion in antero-posterior diameter Isochromatic 

lines are as Fig. 30 , Isoclinic lines are as Fig. 31 ; Principal str白slines are as Fig. 32 ; 

and stress distribution is as Table 4 and Fig. 33. 
iv) The vertebral arch fusion : Isochromatics are as Fig. 34 ; Isoclinics are as Fig. 

35 ; Principle stress lines are as Fig. 36 ; and stress distribution is as Table 4 and Fig. 

37. 

Fig. 3 Isoclinics of the normal column 
There刊 thesingular point at anterior part of 
the intervertebral disc place between L3 and L4・
The anterior part from the point, there exists a 
tensile 叫re出 Thei出:iclinicsconcentrate on the 
upper edge of each vertebral arch. 

Fig. 4 Principal stre出 linesin the 
normal column 

The principal st町田 linesdemonstrate that the 
stress mainly concentrates in the posterior part 
of the column目 Atthe anterior margin of the 
column there is tensile stre出．

Fig. 5 Stre出 distributionin the normal column 

Stress is estimated ac口》rdingto the equation (1) 

and (2). The maximum日 0.841kg/mm2 at the 

poster，《トlowerpart of L3 and JX店tenトupperpa rt of 

L4・Atthe似Jsteriormargin of the intervertebral 
disc plate L3司 4 is 0.890 kg/mmz. 
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選量

Fig. 6 lsochromatics in the whole interbody space fus10n 

Fig. 6-a. Dark field Fig. 6-b. Light field 

I蹴 hromaticsare resembling those of the normal column. Fringe order 4 is !0<辺ted川 L4and Ls・L3is 

the臼mein the postero・lowermargin. At the intervertebral disc L3-L4・themaximum is 10. 

Fig. 7 Isodinics in the whole interbody 

space fusio日

The叩 areal州 resemblingto those of the normal 

column. The I凹 ationof the singular point i、
same. 
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Fig. 8 The principal刈re"line;,りfthe 

、、h・ 】le111terbody 'PJCe fu,ion 
ι・，，1111”と悼l¥T'tre情 is mainly concentrated in the 
p出 teriorpart of the column. 

Fig. 9 Stre出 distributionin the whole 

interbody sp叫四 fusion 

A、d目nonstrated in Fig. 9 and Table I, 0.681 
kg/mo戸atL1, 0.720 k吾川m2at L3 1 plate. 0.440 I悠／
mm2 at L5 S1 plate. 

~~『園ー － 、過重要

．
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7~‘ ＼ ． 余、Jも司司園
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Fig. 10 b"chr,,1nati山 ofthe anterior 2/3 A F diameter interb《>dyfusion 

Fig. 10-a Dark field Fig. 10-b Light field 

・ 3.5 fringe '' at the I""''.,." J，川口 part , ,f L3. -0.5 fringe is at the anterior margin of L3・ The posterゅ
upper part of :-i1's is 0.5 .111【lat tl1e a11tcrior margin the fringe order is 3目o.
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Fig. 11 Is汎・Iinics of the anterior interbody 

fusion 

The singular pDints are .it the L3_4 disc plate 

and the postc口orp"rt of the grafted l》one.

～～～ー～～一

Fig. 12 Principal strc、片 Imt≫ of the anterior 

2/3 A-P diameter interbody fusion 

At the臥Jsteroーlowerpart of L3 and the poste1 o-

upper part of S1, tra.1町 tori引 slightlyremove t"wards 

antenor margin. 

Fig. 13 日＼I亡悼 distributionof the anterior 2/3 

A-1' diameter interbody fusion 

入、 Fig.13 and Table I demonstrate, the max-

川iumst何時 atthe lower part of L3 is 0.909 kg/ 

mm2 ;ind 0.980 kg/mm2 at the L3 1 d1ぽ plate. :¥t 

the dN・ plate between L" and S1. there is 0.369 

kg／皿皿2and 巴1tthe upper part of the S1. there is 

0.249 kg/mm~ 
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Fig. 14 I回chromaticsof the posterior 2/3 A-P diameter interbody fusion 
Fig. 14-a Dark field Fig. 14-b Light field 

The maximum fringe orderr of L3 is 4 at出eposter＇かlowerp岨rtof it. The maximum of L3_4 is 9 at 
the poste口ormargin. At the part below出efu日onthe maximum fringe apts to move anteriorly. 

Fig. 15 1、nclini日付rthe posterior 2/3 
diameter interbody fusiり日

The singular points are at L3_,1 disc plate and 
tin.・anteriorpart of the日川lled hone. 

Fig. 16 Principill stre出 1ines of the posterior 
2/3 diameter interl:xxly fusion 
The間 linesapt to move posteriorly at the part 
above the fu日on. But at the part below, this in-
clination 附 110＼出 clearas above. 



PHOTOELASTIC STUDY ON INドLUENCEOF SPINE FUSION 965 

Fig. 17 Stress distribution of the posterior 

2/3 di叩 neterlu、川1

A、Fig.17 and Table I. 0.812 kg/m皿2is at the 
postero-lower part of L3. 0.980 kg/mm2 at L3_4 di詑

plate. At the part below the fusion the maximum 

、tre州 isat slightly anterior part from the posterior 
margin. At the postenor margin of L5-S1 disc 

plate, 0.490 kg/mm2. and at the posterゅupperpart 

of s], there exists .ヲ0.235kg/mmz 

下＼弘

J二）
~~－ v _ __j 

Fig. 18 Isochromatics of the vertebral arch fusion 
Fig. 18-a Dark field Fig. 18-b Light field 

At the L3 4 disc plate, the maximum fringe, 12.8 exトトペtthe posterior margin. λt the posterかlowerpart 
of L3, there is 4.6 fringes. At the disc plate and spinal body he、l川、 thefusiリn,the fringe order is 3.0 and 
1.5 at出epc回teriormargin respectively. 
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Fig. 19 ! ,rx.'i n ic, of the vertebral arch fusion 

The singular凶intsare at L3－~ disc plate and the 
fused arch. 

Fig. 20 Principal坑re出 linesof the vertebrnl 
arch fusion 

Principal stress lines are conspicuously move tか

wards戸店teriorlyal the parts above and below the 
fusion. 

Fig. 21 Str＜＂出 distributionof the v町tebral
arch fusion 

A吋 Fig.21 and Table ・1 shows, the maximum 

叫fl,,,,at L3 and L3 1 plate is 0.980 kg/mm2 and 

1.540 kg/mm2 r出戸ctively・ At the Ls-S1 plate, it 
同0.480kg/mm2, and at the rx出tero-upperI見rtof 

51 is 0.490同／阻止
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Fig. 22 Isochromatics of the whole interhc内・ space fu日on
Fig. 22 a D.1rk field Fig. 22-b Light field 

Alike to Fig. 6. At the upper surface of Si. from 1.5 and to 2.5 frin日刊 OCCUP)'d 川町 thesurface e1・enl y 
It may 除 consideredthat叫re"works evenly on the回crumin this type of fusion. 

Fig. 23 I田clinicsof the whole interhodv 
space fusion 
下.ittledifference from Fig. 7. The singulaγpoint ；ごム出eborder of L3 spinal b叫 andL3 4 

Fig. 24 Principr I stn"'" lines of the whole 

mterhndv f u>ic >r1 

These lines are same as Fig. 8. 
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Fig. 25 Stre日 distributionof the whole 

interbody space fusion 

As Fig. 25 and Table 4 demonstrate, at the 

postero-lower p山 tof しl,stress is 0.681 kg/mm2 and 
0.620 kg/mm2 at the L4_, disc plate. At the an-

terior margin of the Lト， disc plate, 'tre：；.~ is 0.122 

kg／皿皿2.

Fig. 26 !">chromatic、ofthe anterior 2/3 A-I' diameter interbody fusion 
Fig. 26-a Dark field Fig. 26-b Light field 

:¥t the l如、ter<>-ln¥¥er part of Lゎ thelri nge order i' 4 .O. 人tthe P'"terior margin of the disc, it is 8.5. 



PHOTOELASTIC STUDY ON INFLUENCE OF SPINE Fl IS!< J~ 969 

Fig. 27 Isoclinics of the anterior 2/3 A-P 

diameter interbody fusion 

The singular points are at L3 4 disc plate and 

in the grafted bone. 

Fig. 28 Principal叫res'lines of the "nterior 

2/3 A-P diameter interbody fusion 

-''..t the upper parts above the fusion, trajectories 

are slightly removig anteriorly 

Fig. 29 Strc、、 distributionof thP anterior 
2/3 1ード diameterinterbody fu、ion
.¥t the I戸川川（） J，川erpart of L ,. 叶町、、。f0.900 
kg/mm2 exi,ts, and at the r> "Jeriりrmasgin of L1 ., 

di吐 plate,0.525 kg/mm2 acts. 
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Fig. 30 lsochromaticぉofthe posterior 2/3 A-P diameter interbody fusion 
Fig. 30-a Dark field Fig. 30-b Li!iht field 

At L, tbert' is 3.5 fringes. :¥t the p<≫;terior m:irgin of L1 s di'" plate, there exist 7.5 fringes. 

Fi耳 31 r＂ ~·lin1<・、 nf the I”川町i"r2/3 :¥ I' 
diameter int~rhody fusion 
The singular or /1 ・r" 1”，；川、 areat the L3 4 d1"・ 
plate and in the grcil ted bりne.

Fig. 32 Principal st1ess lin郡日fthe r別式tenor
2/3ヘーl’diameterinterbody fu、ion
Trajrctnri円日lightI、conじentratcclin the似指terior
part above the fusion. 
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J民~／ご 叫 __ ) 

I~＼；コ
1く二j

Fig, 33 Stress distribution of the I刃sterior

2/3 A P diameter interbody fusion 

Stress of L, po即時lowerpart ;, 0.720 kg/mm2, 

0.680 kg/mm2 at the posterior margin of L~ 5 disc 

plate. 
『 伊 可’ f型

』ー主主J 〆
J毛嘉彦A小

Fig. 34 Isochromatics of the vertebral arch fusion 

Fig. 34-a Dark field Fig. 34 b Light field 

The maximum fringe at ti百戸istero-lower戸utof L.1 匹5.4. At the posterior margin of Lト 4disc plate, 

it is 9.0. 
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Fig. 35 1阿古linic>of the vertebral arch fu>ion 

The>e nτe complicated like Fig. 19, and singular 

paints are at the anterior part of LJ-4 disc plate 

and at the fus吋 vertebralarch. 

Fig. 36 Trajectories of the vertebral arch fusion 

Th口ughnot conspicuous as in the case of the 

4th and the 5th lumbar vertebral arch fusion, 

traj配to日目 removetowards posterio[y. 

Fig. 37 Str!'ss distribution of the vertebral 

arch fusion 

As shown in Fig. 37 nnd Table 4, the m日x-

imum is at the posteri口rmargin of the colu日m.

At the I目sterかlowerpart of L4, 0.940 kg/mm2 act' 

and at the posterior margin of the L4-5 disc plate, 

1.090 kg/mm2 cf stres1 acts. 
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RESULTS OF EXPERIMENTS 

I) Normal vertehral column : The compression occupies the posterior larεe part and 

the tension occupies the anterior part of the column from the 2nd lumhar vertehra to the 

5th. At the L5-S1 intervertehral disc and the 1st sacral vertehra, stress apts to distribute 

evenly. The tension disappears and the maximum of compression reduces. The maximum 

stress of the vertebral hoclies is 0.841 kg/mm2 at the 3rd and 4th lumhar vertebrae, and 

the maximum stress of the intervertebral discs is 0.890 kg/mm2 at the L3-L4 intervertebral 

disc. 

II) The whole interhody space fusion ・ Trajectories are same as that of the normal 

vertebral column. Difference of stress at the part ahove and helow the fusion is little 

between this type of fusion and the normal column, and therefore this type of fusion is 

to be said excellent from the dynamical or kinetic view. 
III) The anterior 2/3 interhody fusion in antero・posteriordiameter : Trajectories are 
localized on the grafted part in the fused vertehrae. At the parts ahove and below fusion, 

the maximum stress is considered to he localized a little anteriorly from the posterior 

margin of the column. Compressive stress at the posterior margin of the lower L3 in the 

case of L4 and L5 fusion is 0.909 kg/mm2, and it is 108.1拓 ofthe normal at the same 

place. At the L3-L4 disc plate, it is 0.980 kg/mm 2 and is 110.1拓 ofthe normal. At 

the L5-S1 disc plate, it is 0.369 kg/mm2 and at the 1st sacral vertebra, it is 0.249 kg/ 

mm2. In the case of L5 and S1 fusion, it is 0.900 kg/mm2 at the L4 and it coincides in 

107.0 % of the normal column. 
IV) The posterior interbody fusion in 2/3 antero-posterior diameter Trajectories 
are slightly localized on the grafted part in the fused vertebrae. They apt to move pos-

teriorly in slight degree at the part above fusion. In this type of fusion, the maximum 

stress is日tthe posterior margin of the column, and 0.812 kιrnm2 at the lower L3 and 

0.980 kg/mm2 at the L3-L4 intervertebral disc. These two are 96.5 % and 112.3 % of 
the normal. 

V) The vertebral arch fusion : Trajectories are much localized on the posterior 

m訂ginof the column at the part above fusion and at the part below. The maximum 

St re•弓
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stress of the adjacent place of fusion is at the posterior marign of the column. At the 

lower L3, maximum stress is 0.980 kg/mm2, and it is 116.4 % of the normal, and at the 
L0 L4 intervertebral disc, the maximum is 1.540 kg/mmヘ171.9%. In the回 seof the 
5th lumbar and 1st sacral vertebral fusion, the max. stress at the L4 is 0.940 kg/mmヘ

110.9 %, and at the L4 L5 intervertebral disc, the max. is 1.090 kg/mmヘ30.2%. At 
the L5 -S1 intervertebral disc, the lower adjacent disc of fusion, the max. str悶 is0.480 

kg/mm2. 
These data are illustrated in Table 4 and Fig. 38. 

DISCUSSION 

Considerations on Photoelastic Study 

Dynamic considerations on vertebral column are very important to solve the mecha-

nism of vertebral or cord injuries, disc degeneration and deforming changes of vertebral 

bodies. ARIGA (1935）り， NAGURA(1939)39>, AOIKE (1942)3> and OGAWA (1960)42】reported

the data about solidity of vertebral bodies and disc plates, and ARIGA decided the YouNG’s 
medius of vertebral bodi田 anddisc plat白 tobe 265.5 kg/cm2 and 107.23 kg/cm2 respec-

tively. But all these experiments are those using the post-mortem specimen and there is 
no consideration on the inner str回sof the vertebral column. 

Photoelastic study started in BREWSTER (1815), and it has been used in the field of 

engineering and architecture because it is useful to calculate stress distribution. Since ZAK 

(1935）附 analysedthe stress in tooth, MILCH (1939) 36>, MASABAY ASHI (1950) 32>' y AJIMA 

(1953) 59> and others have induced it mainly into orthopedics and odontology. 

Though the photoelastic study is experiments using artficial models, the principles on 

the dynamical standpoint are same as human body, and results obtained from the experi-
ments can be considered to be corresponding with the clinical features. 

Considerations on Vertebral Fusion 

Since WATKINS (1886) or HADRA (1891) tried to fuse the spinous proc問団 using

silver wire, three typ回 ofvertebral fusion are prevailing nowadays. They are the verte-

bral body fusion by anterior approach and by posterior approach, and the vertebral arch 

fusion which so we call the posterior fusion. 

In the vertebral arch fusion actually started in ALBEE (1911) 1> and HENLE, many 

methodical variations by Hrnsus, HENRY”GEIST (1933) 22>' CALVE and so on, followed. 
BoswORTH (1945) 13> reported the clothes-pin method, and it is usually used for the lum-

bosacral fusion. 

However, SHAW (1956)48> and U1 (1960)54> have found frequent occurence of pseudo-

arthrosis and fracture of grafted bone in the vertebral arch fusion. They have discussed 

that it may have resulted from the problem of the graft-bed and existence of“lever" 
mechanism. YAMASHITA et al. (1963) 00> also have observed the unsuccessful fusion and 

fracture of the grafted bone in twenty three c回目 amongthirty posterior fusions. Accord-
ing to OT AN!, the posterior fusion is inferior to the anterior body fusion from the point 

of stress distribution and concentration. 

Even though this type of fusion is回 syand popular, it should be considered to have 

dismerits in dynamical view. 

On the other hand, the interbody fusion by anterior approach in which two types of 
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operation take part, namely fusion of transperitoneal approach by CAPENER (1932) 14>, BuR-

NES, MERCER, SPEED (1938) 49> and so on, and that of extraperitoneal approach by IwA・

HARA (1944) 25> has many indications for spondylolysis, spondylolisthesis, disc hernia, 

明ndylitistuberculosa and so on. In these typ白 ofoperations the anterior part of verte-

bra! bodies is widely exposed, and vertebral bodi白 canbe fused sufficiently. IwAHARA 

et al. (1963) 21> have discussed that when the grafted bone is too small, there often occur 

“Umbauzone”in the anterior body fusion. MITANI (1966) 37> has observed a四seof 
“Umbauzone”after anterior fusion, where inserted too small graft and re-operation had 
to be done because of newly ossifyed bone. 

The trial to fuse vertebral bodies after removal of disc hernia in order to prevent 

instability from degenerated disc plat白， startedin ]ASLOW (1946) 28>. Since then CLOWARD 

(1953) I山へ］AMESet al., DuToIT, ＼ヘTrLTBERGER(1957) 58l, DOMMISSE (1959）日＞ andother 
published the similar method of spine fusion. It is considered to be useful not only in 

disc hernia, but in spondylolysis and spondylolisthesis of slight degree. YAMAGUCHI et al. 

(1964) 61> have reported this method of operation is useful in reducing the lumbar lordosis 

in forty six回ses.

In photoelastic results mentioned above, there exists tensile str＇田sin the anterior part 

of the vertebral body and compressive str白sin the posterior large part of the column. 

When the graft is inserted between the bodies, at the portion where compression exists, 

the consolidation or bony union will be well expected. The reason is due to the fact that 

if the graft occupies the place where tension exists, the contact between the graft and the 

graft-bed is not enough, and if it exists at the place of compressive stress, contact between 
the two is sufficient and the moderate compression influences profitably on the bony union. 

Therefore, the graft is desired to be inserted at the place of compressive stress. 

From this point of view, the large graft is required to be inserted. In the case of 

spinal interbody fusion, even though it may be by anterior or posterior approach, the graft 
should be inserted at the part where compression stress exists. 

The fact that too small graft some times results in the occurence of “Umbauzone”， 
may be thought to depend on this photoelastic consideration. 
As mentioned above, spine fusion has usually three types of operation, but each of 

them should be said to have neccesity of dynamic criticism. 

Influence of Spine Fusion 

NOZAKI (1934）川 discusseduselessness of ALBEE’s operation, as five cases among seven 
were unsuccessful. Ur has found high frequency of pseudoarthrosis and fracture of the 

graft in 回S白 ofthe vertebral arch fusion by H shaped graft. He has insisted, as the 

cause of it, on mobility of the lumbosacral region, problem of graft-bed and lever mecha-

nism in the posterior part of the vertebral column. 

HASEGAWA (1956)21> and MENSOR (1955)34> have mentioned that the lower lumbar 

region have much mobility. Therefore, stress-change by body motion easily produces the 

above mentioned changes in the grafted bone. 
VNANDER-ScHARIN (1950) 55>, ANDERSON (1956) 2> and DE PALMA (1959) 18> reported 

one case of acquired spondylolysis after spine fusion, respecticely. Three cases of SULLIVAN 

et al. (1960) 50>, six cases of HARRIS et al. (1963) 20> and five cases of RoMBOLD (1965) 45> 

are also spondylolysis at the uppermost vertebra of spine fusion, and except one case of the 
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interbody fusion of UNANDER-ScHARIN, all of them are of the posterior fusion. HARRIS 

has argued that the cause of acquired spondylolysis is rotation combined with flexion, and 

that a unilateral fracture of part interarticuralis is made on the side on which the rotation 

is made from back to front. Further, flexion and extention alone is not causing fracture 

of it. 
In the case of the vertebral arch fusion, the arch of the uppermost vertebral of fusion 

and the disc plate just above fusion are, as mentioned in author‘s investigations, of con-

centrated compressive stress, and they are near the fulcrum of lever mechanism in lumbo・
sacral motion. Therefore, they are considered to be the weal王pointfrom mechanical view. 

Concerning to influence of spine fusion on the adjacent intervertebral disc plates and 

vertebrae, there are few previous investigations. 

WATANABE (1959) 57l has observed in his experiments using dogs, that the anterior 

interbody fusion does not make any change in the adjacent disc plat白・ However, UNANDEト i

ScHARIN (1950）附 foundseven cases of disc degeneration in the disc plate just above the 
osteosynthesis among eighty cas回 ofthe posterior fusion. He has presumed that the disc , 

just above the osteosynthesis is exposed immediatly to increased tear and we泊r. In such 

manner, the vertebral arch fusion should be said to have problems above influence on the 

vertebral column after the operation. 

On the other hand, ARMSTRONG (1958) 7】 hasquoted that pressure on the disc greatly 

increased by the “lever " action which comes into play when the arms are used. If the 
nucleus pulposus of a lower lumbar disc is considered as the fulcrum of movement and a 

heavy object is lifted with the hands, the arm and trunk form a long anterior“lever”． 
The erectores spinae act posteriorly as a much shorter “lever’＇， Therefore, if a weight of 
100 lb. is lifted, the discs subjected to a total pressure of 1600 lb., because the ratio between 

the anterior and posterior lever is computed as about 15 to 1. BARTELINK (1957) 12> has" 

observed in his study, using E. M. G. and small balloon in the stomach, that such large 

amount of pressure does not act on the discs, but less pressure acts owing to the abdominal 

fluid ball and contraction of transverse and oblique abdominal muscles. 

Agreeing with the two, a large amount of pressure is thought to act on the disc plates, 

and role of pressure toward the disc lesions is also thought important. ScHMORL and 
JuNGHANNS (1957) 47> have pointed out that the rupture of annulus fibrosus from disc 

degeneration happenes to lead to occurence of Spondylosis deformans. In such respects, 

stress concentration in the posterior part of the vertebral column, especially of the disc just 

above the osteosynthesis, has importance to clinical appearances. 

On the other hand, about mobility of the vertebral column after spine fusion, SuzuKI 

(1958) 51> ha'.', described that mobility of the column gets to reduce about three months 

after the operation, but that in a year after the operation, the column becomes to get 

almost the same mobility as before. But in this work, the further follow-up after one 

year is not made and the compensatory mobility near the fusion is not described. ATsUT Aも

(19579> and 195810') has mentioned, concerning to the mobility of the vertebral column 

after removal of四stfixation in the cases of spine injuries, the places above the affected 

spine obtain more mobility than the below. MATSUMURA (1960) 33> found more mobility 

in the portion above the affected spine than in the portion below, in the cases of spon-

dylitis tuberculosa. Both of them are to be said to suggest change of mobility in the 
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region above the block formation. 

]INNA! (1939) 29> made Spondylosis deformans in the spine of rabbits by bending 

towards anterior direction after spine injuries. MrY AZAKI (1948) 35> also made Spondylosis 

deformans by repeated anterior bending alone. 

In such ways, when the adjacent portion of the block formation or the vertebral fusion 

obtains a compensatory mobility to some extent, and when the block formation or the 

fusion is in the lumbosacral region where much pr白sureacts, the portion leads to disc 

degeneration, Spondylosis deformans or other osteoarthritic changes. 

In the author’s investigations, str田sconcentration in the disc plates and vertebral bodies 
just above the vertebral fusion, especially in the case of the vertebral arch fusion, is con-

sidered to make themselves Locus minoris resistentiae of the vertebral column. The Locus 

minoris resistentiae leads to the clinical appearances as mentioned above. 

However, the interbody fusion in which vertebral bodies are fused enough in antero・

posterior diameter, even though it is by anterior or posterior approach, shows a slight change 

of stress at the adjacent disc plates and vertebrae. From the clinical view, influence of 

the intervertebral fusion, when it is done in the sufficient space, may be thought little. 

SUMMARY 

Through two-dimentioned photoelastic study, in order to solve the influence of the 

vertebral fusion, the author obtained following results. 

1) Stress concentrates mainly in the part of the inserted graft. But in the case of 

interbody fusion, it is slight and in the case of the vertebral arch fusion stress concentra-

l!On 1s conspicuous. 

2) Stress change at the disc plat白 andvertebral加diesjust above and below the 
spine fusion is conspicuous in the vertebral arch fusion. 

3) In the whole interbody space fusion, the maximum stress at the disc plates and 

vertebral加diesjust above and below the fusion is almost the same as that of the normal 

vertebral column. 

4) In the anterior 2/3 interbody fusion in A.-P. diameter, the maximum stress at 
the disc plate just above the the fusion is more than that of the non-fusion column by 

10拓andat the just below it is more by 16.9 %. 

5) In the posterior 2/3 interbody fusion in A. P. diameter, the maximum stress at 
the disc plate just above the fusion is more than that of the non-fusion column by 12.3% 

and at the just below it is less by 4.7 %. 

6) In the vertebral arch fusion, stress concentrates at the posterior margin of the 

disc plate just above the osteosynthesis. The maximum is more than that of the non-

fusion column by 71.9 % in 4th and 5th lumbar spine fusion, and by 30.2 % in 5th 

lumbar and 1st sacral spine fusion. At the postero・inferiormargin of the vertebral body 

just above the spine fusion, the maximum stress is more by 16.4 % and 10.9 %, respec-

tivity. At the disc plate, just below the fusion, stress is more by 32.4 % in 4th and 5th 

lumbar spine fusion. 

7) In the vertebral arch fusion, the adjacent portion of the fusion is influenced by 

i凶ion. It becomes the Locus minoris resistentiae and has possibility or resulting in disc 

degeneration, Spondylosis deformans or other osteoarthritic changes. 
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8) In the interbody fusion fused sufficiently, the adjacent. portion is considered to 

make less changes. 
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和文抄録

脊椎の癒着が隣接椎に及ぼす影響に関する

光弾性実験的研究

慶応義塾大学医学部整形外科学教室（主任： ：岩原寅猪教授）

叫l 口 雅 ！或

脊維の癒合癒着を示すものとして先天性椎脊覇軍合 隣接椎間板・隣接椎の応力長大値は第4・5腰椎固定

症，脊椎カリエス等による塊推形成，また人工的に憾 でそれぞれ上部0.980kg/mmz. 0.812 kg／皿m2，下部0.490

合せしめる脊佳固定術などがある． kg/m皿2,0.235kg/mm2，第5腰椎・第1仙椎固定で0.680

この癒合癒着した脊推が隣接椎に与える影響を力学 kg/m皿z,0.720kg/mmzである. iv）椎弓固定群では主応

的に明らかにせんと二次元光弾性実験を行なった． 力線は固定隣接部で椎体後部に集中し，特に第4・5

実験方法： DAP樹脂を用い第21.腰椎より第l仙椎 腰椎固定では著明である．隣接椎間板・隣接椎の応力

上部に至る正常腰椎佐p 第4・5腰椎間並びに第51援 最大値は第4・5腰椎固定でそれぞれ上部！.540kg/mm2. 

椎・第1仙椎問の椎休前後径固定，同椎休前方部2/3 0泊 Okg/mm2.下；＇＼j；で0.480kg/mm2,0.490kg/mm2である．

固定， 同機体後方都2/3固定p 問権弓固定， 合計9コ 第5腰惟・第1仙椎固定ではそれぞれ 1.090kg/mm2. 

の光弾性模型を作成し，等色線，等傾線， 主応力線並 0.940kg／皿m2である．

ぴに応力分布幽線を求め，応力値を計算し比較検討す 結論： i）国定上・下椎間板p 上・下機に於ける応

る． 力値の変化は機1-'j閲定に著明である．ii）応力値の変

実験結果： i）椎休前後径固定は主応力線も正常腰 化は機体固定にあっては非回定正常腰椎位の約20%以

稚住と変りなし応力値の変動も小で力学的に安定し 内であるに対しも権弓固定では約70%に速する．

ている． iiJ椎体前方部固定群では主応力線は固定部 iiiJ椎弓固定にあっては隣接椎間板，隣接椎等の隣接

分を一線に走向し， Pf接椎間板，隣接椎に於ける応力 部は固定によって影響され，抵抗脆弱部として編後の

j長大値は第4・5腰椎固定でそれぞれ上部0.980kg／田皿2, 椎間板変性，変形性脊椎症等の発生と結びつき得る．

0.909kg/mmz，下部0.369kg/mm2.0.249kg/mm2，第5腰惟・ iv）充分に回定された椎休固定の場合にはこの可能性

第1仙権回定では0.525kg/mmz.0.900kg/mm2である.iii) は少ないと考えられる．

椎｛判長方部固定群では主応力線は固定部分を走向しP


