The mechanical effect of kyphotic deformity with
prior vertebral fracture on adjacent vertebrae

B&5:jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
F—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/20637




130

SIS 2EEEMEE 1185 45

130 — 136 (2009)

BEAFHE BT I X 2 B AR E LM (2 R T T )22

EIRR R BELR SR TR R A A LR W R Tl 5

(IEME R 47

LI FL)

GEfT © 5 R ER#S)
[ xFE =z

R BRI B CREFHER T I £ 2 RS
LT hbohe

ZRICAT IR AT & VTR L f_
(THUMS, F3¥F2=fLFax0y 742 ) HEEH,

205, WOHERIZED X I g L, Bl gihas
M4 5 A7 PR32 S5 £ 57 )V C & A Total Human Model for Safety®
HFAES S L O AR L, BARAERLETEE L TS E

150cm, R 50kg L2 EF N EHIE L7z, B HEREEHEM AR O 0P 5650 T & 5 45 12k (T12) OHifk L% 0B, 101%, 20
B L BRI R SR TIEWET IV, W0ERBETIN, 0EEEETVEMERLE. Fi2, HEBROFI2L—Yar 2
F 1T A AnyBody Modeling System® (AnyBody Technology. Inc) % JusT, #85% #ifs4 2 720 OFFFEE P O i1 % 5iih
L, BEFNIZMAT. WESEMTESIEHE (L) fETmzEemge L, PESomfiizrEF VG20 DEOEEFD
T, BHERICEETAEDEFNLE, WTFRLOBEEEFNVIZBWTHLTI0, TINB L OT6, TTIZILHAMERLTEY, [

MO BT D HEME IR OIS L & B LEZ 5N,

EREBEEHET H B T1L IS4 L 7ol RIS lIE, IEWET LT

1.70[Mpal, 107 E 7L T4.41[Mpal, 20FEHEETILC645[Mpal TH D, HEAOHKIZHVIENE AL TwE, &
BIACHERSIC L A BHEZEE T 27202, BEETF L TLMEE TR % i s AMNE TV 2R L Tr 2T o 72 £
CHER, 0EHEEMEFTMICBIT S TINZFEE LR IS tid 4.79[Mpa] T 0, (CAFESMI X DIEHIE25 % T L Tw

fo. LA L, EREFNVEET D LIENIKASMETH D,

b EFZLN.

fURESE & > T L BHRELBIIHHERTTO—R 24D

Key words biomechanics, finite element analysis, kyphotic deformity, osteoporotic vertebral

fracture

AL S a2 B, MR R & St RMEO 12
TH A, FHEERE L AAREMNTHEGE 11005 A2 02D,
L AED I EToBEHE S ST 5 2 TS
Wa, FHEHEC L 28Il oL’ (quality of life,
QOL) #F L <ML, MmAFRECR N CRAE O Z D
OEEDE2ETHL.

Bl eI B A HERE T, BHEEIC L AEitoh T
HLEEOHVENTH AL, ORI LI 60T
Wz zEadizmL, BARALHEEDOT0~ T4 TIE25%, 80
«Mﬁf@ﬁ%%@ﬁ&fﬁ%ﬁm%%m%tﬁ%éﬂfw

. BET AT AT SIS PN B A A e SR, B
ﬁTFWlt 0, 25 IR RO T P YR Y £l 0
WO h rosiERT ERIT. JEEiEE O QOLOET
FELFTHITHLLDY, BEOY A EFLFEOOW JEEIC
A EETH D,

EROBR T, —BHEREITIE U5 L3 L kOB
el A s sk A LR R ET A 2 b R LT LIS
Bz, ThETOEEREICBVT ARSI a5
FEBIE, PEAFHECRTT O 8RB (2 A~ Hr BIME (i 4 o 56 A 58
DBEL LD EFMENTWANPY FOHEEIZHG 12 S
ATV,

ZCTAIE T, BEAFHEREITIZ & 2 TR 2R o

P21 411 A 20 B3, PRi214E12 3 15 0523

HEfRIZ & &5 L Ene e BB L, Fic ek kg U
B b O SISO MERIE HOTHEIC T A2 L %
Hige L.

&b LUFHE

1. BRREZFETILOER

HIREREEF VARG HRENRET IV TH 5L Total
Human Model for Safety” (THUMS, 3 &7 72 =H )71 ~0O
2T A Y MR LAY, THUMSIE, HRICLAEES I
L= a #4790 1225 S N RERFTH AFET L
Tahl), GO, W, HOMIZdEH LR Z & oikEH
MlcEsFTHREIIEFMEEIN TS, T/, FOWHRERE
1 Fei tA%G’J)J‘#I“rT‘M‘rﬁﬁIL FESNLTWwWAI LR
HHELTEY, BRHEMICSEZ6RABEIZDVWTHESRN
ERHT AT 2 EATRETSH A . AW TIE THUMS 20 & S,
T, WEHEEHL, BRAGKIEEZEEL THE
150cm, HES0kglcEF L EBIELA, FAoGHBEICLS
FHED A HEMR T AR LT, HEETTORES % Immd 5
0.3mm IZHHIE L7219, ARWFFETH W RSB X OHEBIH O M F
EERLITRT,

FF, MR OIS T 4 55 12 gl (thoracic vertebra,
T) OHelk LFEEOHE, 10/, 20 & BLRIZERB S TIER £

Abbreviations: C, Cervical vertebra; CPS, compression principal stress; L, lumbar vertebra; QOL, quality of life; T,

thoracic vertebra



BEAFHEMRT 3712 & 5 RS A B EEHE (2 BT+ ey i 131

TN, 10ERETTIV, 0BT EFVELE, 8612, #
BEFMANTRMERO &M 25 272, (CIESIE T g
5 OMEHAE SIEME (lumbar vertebra, L) ez s L 91215
MR T2l EF L afe B UER LA, DEXhA L E
WETN, B 0EEEEFN, C; 20EHBEEFN, D; 10

Table 1. Material properties in the finite element model

. i Young's Poisson's
Tissue Position modulus[MPa]  ratio
Cancellous bone C1-C7 70 0.30

T1-T12 200 0.45
L1-15 70 0.45
Cortical bone CL=CT 5000 8.30
T1-T12 (front) 5000 30
T1-T12 (rear) 4000 0.30
1115 1000 0.30
Annulus in 0.20 0.40
Annulus out 13 0.40
Nucleus pulposus 0.20 0.50
C1-C7 0.20 0.50
T1-Ti12 0.013 0.50
L1-15
Vertebral endplate 500 0.40
Cartilaginous endplate 24 0.40

C, cervical vertebra ; L, lumbar vertebra ; T, thoracic vertebra.
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Fig. 1. Three dimensional finite element models
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Twelith thoracic vertebra was transformed to wedge shapes at 0° (a), 10° (b) and 20° (c) to create normal, 10° kyphosis, and 20°
kyphosis models. Compensated postures were added to the kyphosis models. A, normal model ; B and C, 10° and 20° kyphosis without
compensation posture ; D and E, 10° and 20 kyphosis with compensation posture.
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Fig. 2. Measurement of muscular strengths
Muscle strengths of paravertebral muscles o maintain
standing posture were measured, using AnyBody Modeling
System. Thickness of the muscle line corresponded to the
magnitude of muscle strength in the figure.

Fig. 4. The distribution of compressive principal stress in the vertebra
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Fig. 3. Loading condition

The bottom of the L5 vertebra was fixed. The force of 35.80-N
was applied to the upper surface of C1 as weight of the head
(M), 39.24-N to the position that assumed the bilateral clavicle
and scapula as weight of the arms (£), 11.90-N to the center
of the thoracic cage as weight of internal organs (%), and
114.38-N to the ribs as weight of muscles, skin and
subcutaneous tissues (#).

The values are illustrated in ranged from gray (low values) to black (high values). A, B, C, D and E correspond to the models shown in

Fig.1.
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Fig. 5. The maximum values of compressive principal stress in individual vertebrae
The values increased in most vertebrae with increase in the grade of kyphotic angle. Higher ratios of the values, in kyphosis models
against the normal models, were observed primarily at T6, T7 and T10, T11 (middle thoracic vertebrae and the two superior adjacent
vertebrae) in kyphosis models. The values were not changed apparently with or without the compensation posture in most of the
vertebrae in the 10° kyphosis model. In contrast, the values at T10 and T11 decreased by approximately 25% with compensation posture
in the 20° kyphosis model. [] normal model, 10% kyphosis model, 4 20% kyphosis model, & 10% kyphosis with compensation
model, Il 20% kyphosis without compensation model.
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Fig. 6. The distribution of compressive principal stress at T10 and T11
A, B, C, D and E correspond to the models shown in Fig.1. The values are illustrated in color scale ranged from gray (low values) to black
(high values).
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The mechanical effect of kyphotic deformity with prior vertebral fracture on adjacent vertebrae Yoshiyuki
Okamoto, Department of Restorative Medicine of Musculoskeletal System, Graduate School of Medicine, Kanazawa
University, Kanazawa 920-8640 Juzen Med. Soc., 118, 130 — 136 (2009)
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Abstract

Osteoporosis is one of the more prevalent disease associated with aging. The vertebral column is the most frequent
fracturz location for osteoporosis-related fractures. Multiple vertebral fractures can seriously impair the quality of life of
senior citizens and lead to their becoming bedridden. Though several factors, including bone mineral density, bone quality,
and trauma, correlate with the occurrence of osteoporotic vertebral fractures, patients with prior fractures have an increased
risk of further fractures, too. The purpose of this study was to estimate the biomechanical stresses that kyphotic deformity with
prior vertebral fracture puts on other vertebrae, using three dimensional finite element model. We extracted a mobile spine,
head and ribs from a whole body finite element model (Total Human Model for Safety , THUMS) and adjusted the model to
fit a standard height and weight (150cm and 50kg, respectively) of an elderly Japanese woman. Since the 12th thoracic
vertebra (T12) is a frequent site of osteoporotic vertebral fractures, we transformed this vertebra to a wedge shape and created
normal model, 10° kyphosis model, and 20° kyphosis model. We then added compensated postures to the kyphosis models.
In add tion, we measured the muscular strength of the paravertebral muscles to maintain standing posture, using AnyBody
Model:ng System which is a simulation system of the muscles and bones system, and added these measurements to our finite
elemert models. As a loading condition, we added the weight of the upper part of the body to the models with fixed at the
bottom of 5th lumbar vertebra. Under these modeling conditions, we analyzed compression principal stresses (CPS) of
thoracic and lumbar vertebrae in each models. We observed higher CPS values primarily at T6, T7 and T10, T11 (middle
thoracic vertebrae and the two superior adjacent vertebrae) in kyphosis models, and these vertebrae may become the common
site of the next vertebral fracture. The maximum values of CPS at T11 were 1.70[Mpa] in the normal model, 4.41[Mpa] in the
10° kyphosis without compensation model, 6.45[Mpa] in 20" kyphosis without compensation model. In the models without
the compensation posture, the maximum values of CPS increased with increase in the grade of kyphotic angle. In the models
with the compensation posture, the maximum value of CPS at T10, T11 decreased in the 20 kyphosis model, but decreasing
rate of CPS stayed around 25%. These modeling data suggest that the existence of a prior vertebral fracture does represent a
risk factor for a new vertebral fracture regardless of the compensation posture.



