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English Abstract

Human body height prediction from residual bones is an important field in forensic
anthropology. It may provide information in individual identification and can apply to
judicial investigation. In previous studies, researchers focused on the association
between long bones and body height. However, we may obtain only fragments of long
bones and small bones for body height prediction in mass disaster. This study aimed to
develop formulas to estimate adult body height of different genders by using computed
tomography data of human second cervical vertebrae of Taiwanese. The results may
apply to body height prediction with residual bones of anonymous corpses in forensic
casework.

This research was a retrospective study. Our samples were obtained from the
Department of Radiology National Taiwan University Hospital from January 2010 to
December 2016. The sample number of head and neck computed tomography was 389,
including 251 males and 138 females (age range was 20-80 years old; mean number
was 51.5 years old). The medial sagittal view images of second vertebrae were
measured by RadiAnt DICOM Viewer (64-bit) software. The measurements were taken
at three points and three lengths were obtained: the top of the dens to the anterior-
inferior point of the vertebral body (DA); the anterior-inferior point of the vertebral
body to the posterior point of the spinous process (AS); the top of the dens to the
posterior point of the spinous process (DS).

In this study, 18 human height prediction formulas from second cervical vertebrae
was established. The reliability analysis in intra-rater and inter-rater repeatability
showed good consistency, with all the Cronbach’s alpha above 0.9. The paired-t test
was used for validation analysis. There were no significant differences between the
observed body heights of these subjects and the estimated heights of subjects in both-
gender group and male group. However, in the female group, there were four formulas
failed for body height prediction.

In conclusion, we contrasted the formulas of Taiwanese body height from second
cervical vertebrae by using computed tomography data. We recommend the use of AS
formula in body height prediction for unknown-gender corpuses in forensic casework.

Keywords : Individual identification, Forensic anthropology, Forensic radiology,

Second cervical vertebrae, Human height prediction
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F (£3) -

PG ECRAIEE AT R TR B RTR 54
Radit Ant DICOM Viewer (64-bit) $ic#8:f B~15 » o $ickE P 5 & 20
TP PRATR 2% - i £ FEAE 0 & Intra-rater 2 Inter-rater

v H

HplE 5% - REARG o TP > AT TR ¥ 2ZER 320 2 kiR
EHRT - SRR ABEE R TRFEAEG 0 A2 2 2R
FAE e
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A2 V3

ENNEN- ERN - e ATATE S
AFEF L 2FR389 4~ F 250 A~ L 138 A ke fadlH -
B LR CRLA e EEkECERES L F ST E S
P e R
1. 38389 4w
(1) ¥ - &g £ RiE* univariate linear regression %3t 4 47
Ehigian ot (24) o
(2) RE&A ﬁs_#%ﬁﬁ:ﬁgéfifi B ® & > & * multivariate linear
regression (it ot E L glan o (£ 5)
(3) REzfEmka-EREL

regression it ot N L g dag o (£ 6) o

» & % multivariate linear

2. 251 A e
(1) ¥ - #Fig= £ RiF* univariate linear regression %3t 4 47
Fhigeait (27) -
(2) R &a et £ & 2 & > % multivariate linear
regression (it ot E L glan o (£ 8)
(3) R &= ffFuaLi-£ & 2 & > &+ multivariate linear
regression su3t A 4N L B AN (£ 9) o
3. * 4138 A EwH
(1) ¥ - el & B E* univariate linear regression st3t 4 47
Ehbmdaing o (£10)
(2) R & At £ & 2 & > % multivariate linear

regression sezt A s L B o8N (£ 11)

-

(3) R & =fAPFuei-£ & 2 & &* multivariate linear
regression (it o L g da e o (£ 12)
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5w & 3 xsck (Validation) 4 47
KFT G A |3 230380 4 ~ F 251 A ~ A4+ 138 4 wu] s 4
- BB R R R ES A - AR R R S AT AT
2 BB mAONEFTR T T U A 389 4 15905 HE
validation « #&c > ¥ A F 59 4 (Mwule s T 37 4 > %22 4)

\:1

ERIEIN R TR B TR > i Paired ttest i {7 2 2 AR A TR A
VI ART T ATEE B B i O 2 2 kR
1. 7 A Hw] 22% 389 4 o %

MR ER AP AT VAR B0 A RAEFIRE A
1o BB BT 1 - 29 P 3EF 3 DA (the top of the dens to the
anterior-inferior point of the vertebral body - # % 78 2k 3 4648 o =3 & 1%
BL) £ B G 446 24 0 (2 A Mu e uE - BEh o5t
Jim &3 =7358+23.1XDA (24 ) » #1766 4 » @ HF %
£ ® 5 175.0 o & o & 7.4 % Mean difference % %+ & 5 0.6109-1.2909
o4 0 7 k238 2. Mean difference 3 $+ 2 T2 5% 09572 o~ 4 (£
13)

MAFET PRGN E22 389 LAY R 59 4 (F
37 A & 22 4) B ER AT 0 A 7.2 % Mean difference % ¥
# % 0.0542-1.0305 = & - 7 & 238 2. Mean difference % ¥+ & T 355
05525 >4 (£ 14) -

2. § 251 A o N

NEZRZZFMBREZDPT AT ITARLIBLITARBGFREAL
F5 0 A4 A Bkt § 1251 A P A B2 14.7% o R B bl4e
Tl - g M ;éiﬁ H DA (the top of the dens to the anterior-inferior
point of the vertebral body » # % F 2.3 4648 v =h & ML) £ & 5 3.9
12
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Sk R HenE - Bhggkr o G E R (a8)
=02.45+18.7xDA (=% ) » {51654 =& » m HFw i g % 1635
o oo k7% % Mean difference % ¥t 15 5 0.0444-0.3321 = 4 5 7 B o>
;% 2. Mean difference % $+ & T 2% 0.1365 =4 (4 15)

MAFETE RGN E 22 251 LF A SRR T 437
AEFATRE A 7 0 A 5.5 % Mean difference % ¥ & 5 0.1216-0.8108
N4 7 &2 53820 Mean difference 8 %+ T 32 % 05205 o4 (4
16)

3. & 138 4 =t

VRS ERE AP AT VAR A2 L FEA
F5 o0 A7 A Bk T A 138 A ¢ R A dicz. 15.9% o 3F B bil4e
Tl - A ;éiﬂ” H DA (the top of the dens to the anterior-inferior
point of the vertebral body » # % B 8L % 4448 v =& M 8L) £ & % 3.78
N RNk ML - Bk o) 2P (o) =
8783+ 187XDA (=4 ) » #1685 24 » m Hgwi g % 1580
ok o & 7% 5% Mean difference 5 ¥ i85 1.9258-2.7098 > & » 7 & o
;% 2. Mean difference % ¥t @ T35 % 23757 &4 (% 17) o

MAFETERAEE SNE 22 138 LA MR AP RS R 1 22
AGEFATRE AT 0 A 1752 % Mean difference % ¥+ & 5 0.0227-0.8500
N4 0 7 3820 Mean difference % ¥tiE T 395 04455 24 (£
18) -

LR
t% - & ’H‘} \z‘f #m

1. AP HAE#RTEFTEL T
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Mn;‘guﬂfﬁﬁ'zﬁ,Hga@?zoi 80 & » LIoE W
5153 % - H 2d A G R MBI F A G » B¢ =854k T30
% 51.76 % > Aﬁlfﬁlmﬁ«:M$24%$ﬁ%ﬁ¢w““ﬂ§
2B ol o N ERLSH 201 80 kEH o
2. Py A uBEd LG

AFPTRFEPHRZ T AL EFERRS RS ST
1.82110fieﬁ?zﬁﬁ&%‘r2015ﬁg§_«’%H%F"’é@*Lﬂ’:ﬁﬁa‘i?“f 3F %
Bt o 95 473% 0 414 527% 0 § A Hiat S A e Fl R
PR BT 2 T Aot FRe LR RS GG LI AP RS
léi’%?r%v‘ A FHE AR DT R TG T2y %F«’%?F?o%i*“ P I
P TEA G R F R FINT RN  f  FIRATRA Y £
e & FAAE BN R ERLSELLA (F?F%A,\:@_é 15-
24 % > AFTF L 20-30 &) o
3. B B AGERE

d 44 FRRG RGFREERTH0 60201 80 K LB
ﬁ,%ﬁﬁﬁﬁ%yﬁﬁ%i;%&f?%%% Y
CBA R o AR LR LB 461 A g INT

=
3
x

%
G
M
( N
=%
—t
\m‘\
K
“‘““3
*“)‘

S
¥
—3H

=

Xy

/%?“’iﬁ%724imﬁﬂ%Twﬁ T L
%?ﬁﬁ%A;ﬂW%4i3&;%ﬁ‘%ﬁ%%~%?ﬁ§ﬁﬁ
§

LT - F},%J'z 31 4 o#”!r‘lﬁ'ﬁpﬁﬂ&mBB/ =
THRAS 3894 o BEAY - FHRAT ?ﬁkifﬁ W AR R AP

B P ER TR R HE RS WA § % 2(Torimitsu et al.,

AR R N FOL Y =
AT HRARRL A G AT LR B 19T 0 PP T00 3
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168.316.9 =~ & » L T35 3 157.146.3 = & » >Rk AT aE 3
164.318.6 2 A o 1L EIRIN A 2 BT 4 19-64 A2 E A v B3 A
WAt §M T el 3 5 168.00.7 &4 0 &M T 35E 3 L 155.940.5
DA AT TE® 161.940.6 o A o bt m?fie‘:ﬁ B S

RS R E T R 9 Mg T

<l
=
%‘ﬁ

BIARACHRIEEAPRERL > A A BB I ERALE T5E
PIFLFPRIRA B % F - RS F ORI 2 A HM Hhi -+
RRFIEN AT LA P 65k T B0k HE AT 2
FRRIMN Gz AE AT D3 Lo GEET i

= 1
RN E R /G AR T Fgl‘;‘g’;’d—?[fa)ﬁ‘iﬁ\—}i IR I =
“ R E A0

5. B % - FH2 T
AP R EEEGTHZ S - FHRBGRGRE X2 EE R
B FALE o Flpt g f 45 r;—z%fﬁ%%%a‘:
FARE L S -5
T8 5 Farf h 2 %R (dens) ~ #kR (spinous process) &7 4448 w0 =4
& 2k (anterior-inferior point of the vertebral body ) % =% 2. i~ %
—QF% 73’?;\;1‘}'}3‘——”}3‘Jas&ljp‘}'mff‘g,lz\,%‘aﬁ B AR S 2
BE NP BRGANEIETY TR ERELF BT
AT EY TR B e A 2 Xray B ifoo A B R F] AT
1

i #E&*%% ¢%%<ﬁ%iﬂpﬁi
AR F BT R R R LR o BT L RETR RS A
L P AR BRI AAMAT Y o RREY
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TreRTA B ¥re ¥ X 4 5 (median sagittal view ) - & B|H

Hcgk = £ & (Torimitsu et al., 2015) » & @ & & pli& % F &7 b i+ &

R B R T RETE AT R A
BRI B A A E AR LR AR D

’\A “L"J‘/\v}fr °

U
FoH R LRGNNSR

MU A A7 it B % 2. mean difference & ¥ E S ER Ry 0 A W
e IR 389 A A A m] oV s F 251 4 50 v & 138 4 5N e
Hig 2 8581 iry ewl? > iz P gdein o3V 5 5122514
s DA (the top of the dens to the anterior-inferior point of the vertebral
body » & REELI 4B T H B L2 ) H - Hpcgr L gian o
mean difference 0.0444 = % ; § |+ 251 % & AS (the anterior-inferior
point of the vertebral body to the posterior point of the spinous process >
A A BT R TR EE) B - kel P 3G oY > mean
difference 0.0482 = &~ =xz_ ; § 1 251 % %2 DA+AS (% R F BT 44 4Y
TR KB+ AT A KT R SRR R
2 3% » mean difference 0.0749 = 4 % % = s * &3¢ o

389 A A A u NP s T EFEE T RE2Z P FdGS
% AS (4Rl B MBET R TAR) H - Pk giin o
;¢ » mean difference 0.6109 =>4 ; AS+ DS (408 % 35 2L T #R %
TEEL 4+ S RTEEIFRRTEEL) BB RE B 4G 2 3% 0 mean
difference 0.6669 = 4 2. ; DA+AS (% R R BT 4088 5 45 M2 +
SR A MBET RRTAE) B R g 25 mean
difference 0.7794 2> & 3 2 A ulem|® &% = i + 250 o
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vopairedttest i 23 2 G LB E RAE B R REE LR
FEr LGN c BT R EET 0 41138 4 27 DS (&
TFEIRRREL) H - Hpkgbr L g o5 s DA+AS (R 2T
L 4w R A L + AARE T B MEET FRR TR ) A JF ek
Egdie ;8 " DS+DA (2 BT RATEE + & RTEET 404
W AEL) 3R EE P B4 58 -DA+AS+DS (% RTEEETD
GARE T B MBE + AR R MBI R IR + HRTEEI RRTE
BL) Z R PFAcEE L g ian oV o b o Nd e 2 % % pvalue
<005 B2 BGEFE R EIFEREFLRE > TP ALF
AP S T
Fz & AMHEZRE NI FEF R T
EOTRAPTY B2 22 LM AY > TinEEs L 588 K o
EWL T EFILIE A T71-80 k2 FF (22 e 7>t a7 ik 364
%) AR AT P gl aNE 22 PR AT e 511 K
E#L T EFLIE AL1-60% (L3dam o847 ik 23.9%)
2ExE (£19)
XEAD A RHAFFROFARTEILT LEFE B

MriEE Y R BEEERFRY O FAEL T PR R R
&

“\

Rl
BEB AP N TERALFHE SN A FF DS

FEEYE LU ERAT R A 51-60

ROEF 2% - P HAECERT ~ L 4G 258 o 1 paired ttest #&
T3E R PERE T RAGE B AR ERAEFAE (£
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20) o TR A 475t % 22 mean difference & e 5 E % ik dy 0 B
AL g N GEREL CAS (AN H B MBI RETEE) H
- Frpcehi- L B du e o 3% > mean difference 3.7220 = 4 ; H = i DA
+AS (R BT 4080w sh A KB + 4R sl A BT FRRTEEL)

ETTRS

B I8 ek B B 35 5 o 58 > mean difference 4.2800 < 4 % = ;
DA (# R EBEI4aMm b5 MBE) H - Fegbi b giaf o350
mean difference 4.7360 = 4~ ( % 20)

i BRI EMEY éjl?ebbg‘ri

% p a3 Torimitsu 02015 & 2 ApRE AT 7 v de o o B 2011
£501 12013 & 11" BN 216 & 7% 23] B 22 T REE BT
Ao BT S5ty - e 3 YEis 2 DA (S XEE
TR MEL) H- Bk b 3ian o o kM i AS (448
WA B MELT R TEE) H - PFacgli % s o 74 (Torimitsu et al.,
2015) (% 21-24) - M kFEf ¢ B L AF A p AT 2 BB
2 ;v ig {7 validation 1 o H i T G S om0 T3 207F 4w e w
DA (# 2 BT 4afm s f ML) H - a2 3daim o530
mean difference 1.1499 ; § {4+ %2 %] AS (48485 =55 M BT R R B 8L)

— Frpceli= 3 45 5 o538 > mean difference 0.5299 5 11 F A 25N A

p-value>005> * 2B G L FEE R AL F AHFLR oA p A
FriAesaiiegidenery o)l o HHER L3 RE T REAELE
FEEE AR LF FEFLE (£25-28-30) o

R LSS CFAFT TR PR %REFEF LG 583 24
oom AT REABEENEFT P AT LR OB LSS
BT oo 2R EEF LRGN FIPEY > RTERE LB E R4S
PREREELR > FINAREHEI AR o o AT E AR
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ArRFERREFY O R FARFEZFRIL G AL
I & AU
1. Aoz P p 42
A E A FRE AL TRER B GT R L 0 af R
BB BRI TR R RS S R R e T E R
TAp B AT BT €3 0.2 2 4 ehE pliE £ (Radoinova,
Tenekedjiev, & Yordanov, 2002) - @ % 48§ B PIEE > 135
wg&;&%&ﬁ—‘r 3 KB 7 25 24 =+ 4 p(Maijanen, 2009) - &£

-+

;
RIZ S BAMERERNT PR RAE A LB FPRKfF
FIFERZ R R 2ERIE > BRI EDLRS §22 P F R
BREAREL o X0 Ry PR T FRTavk i o R4
el g L PEAR L o Bl A EAENZ B o gl e o5
o R R E g TRARESNE LR R PR L B

PERGFEDREFZ XIS EHEY AR Y T o R

A o

e AU TIGRES P ) I SR i L I TN . A
PoBRREREFFL G A WEAREFFALREES P
- BRI BEREFS D GRS CE R B8
Az Z R oo
2. 0-20 Ak A S AT 7

AL R 020 R > A Bd A & F R eToES
O HELBAELGFE AN REI R 50 A PREEPIRZE
FARRA o Bdlf AP o FR 20/ UE X EREFELF A
wAEFA Y o B2 ECARAE A Y SR NI I B
P aill s Pog 320Kk EE I B AL EE
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A r @ 020Kk FEHLLBA TR BERESFSEEFARE

2

,z?%Az;\ngf L Ty ,%ﬂ::«;wfl-f&j’/g;aj’ﬁ EAeh P oo e
PR AEEFEDLZHE I ZTFREFALARL A I P o Ft

BREAPE FRg RO F 2 AR ARE LG 2
AorIAbgH1ir, g HERP .

AT Y TR E2 HEAR389 X > FHE251 4 > L1384 >
FEMz g N it w09 251 A e DA (% RTEELD 4
FoahcB o MEL) H - gl P3G AN 2 EA SR AR B
Ao e ML S I BT RN RRT > M AN B AL BT
P AR Apdui AP HES RN R SR 2N 5 AS
(AR5 8B KEET PR TFEL) B - Bl b3 o8 st A
e g p2ah ATk R o FIUt 0 B AR - e
LEaepE o B aukRT > ot AS (4R sE B M ELD §
TFEL) LERERRES B kG ERE RN EDE BT LT

PR AR T o R DA (% RTEBET AR B MEE) S A2 2R

AR PG FTRE R TR TR Y-
o xRk Bikds 0 54 RadiAnt DICOM Viewer jc %83 B~ » 12
P FE P BRI R o Fp A AT 2 OGN B
XEE R AT E R - £ 2 RadiAnt DICOM

-—A—

ERE
Viewer #i8Z BERI L B > "rEF2Z 2% 5% o 2 8+ 8 2pE2
SRR - AR LR AE LR PR 2
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Ao NEAF TR TR RS BB T AL
2 = 4 (Radoinova et al., 2002) » F]pt *F 7 & "0¥7k B & Pl 4B

C RS R R AR L E T A 0 i

Viewer § 3 5~ » & g R RIR P HB LR o b p B
AEFER S DR LR BGRFERI R SRER 2 FEL 0
FA AR TR BB R F g 02

FrhRuEE I #2837 E T RESFEHRRTR AP
BT AR BRI Ee A A BB R ET T RLE 0 kPR

TPR R R SO = R SR

-~

e FEORHET N AL TP AP FRE SN WA
REERET R FEFE TR TN 0 P B B A kA
DELARLEBFAC L FHRBEERG AN FFTY » &4

2
o
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B3 % AMu L3 453 B (Box-and-Whisker plot)
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1 APy tA28389 4 (714251 4 » L1384 ) #dbl i A Hic

> ARFHEFp 2010# 17 3 2016 & 12 * o

KR >3#% (N=389) ¥4 (N=251) +4+ (N=138)
EHFE A i (%) AEAH (%) AEASF (%)
20-30 43 (11.1%) 30 (12.0% ) 13 (9.4%)
31-40 67 (17.2%) 37 (14.7%) 30 (21.7%)
41-50 58 (14.9% ) 35 (13.9%) 23 (16.7%)
51-60 103 (26.5% ) 70 (27.9%) 33 (23.9%)
61-70 59 (15.2%) 41 (16.3%) 18 (13.0% )
71-80 59 (15.2%) 38 (15.1%) 21 (15.2%)
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L 2P T HE A 20389 A e~ 251 A d v 4 138 A o L
S BRI ey e U TR U Ao N

>3#% (N=389) § 4 (N=251) 4 (N=138)

TiaE %ﬁﬁ] T o+ %ﬁﬁ ERTyr %ﬁi‘]

may S WL A
#E# 515+16 20-80 51.8+415. 20-80 51.1+15. 20-80
(#) .6 6 7
L 164.3+8  135- 168.3+6. 146.4- 157.1+46. 135.0-
(24) .6 184.6 9 184.6 3 175.7

DA 3.940.3 3.15-499 41403 3.5-499 3.740.2 3.15-4.20

AS  48+04 373597 50403 375 45+03 3.73-5.00
(24) 5.97

DS  53+40 435676 55+04  4.35- 50+0.3 4.36-5.84
(24) 6.76

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # R "8 2L 3 4088 W h A 1B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 48+ =4 & M 2L T §R % 78 Bb

S : the top of the dens to the posterior point of the spinous process > #

REELT fRR R
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# 3 * ;2% & (Reliability) : 50 x:i;éiﬂ”aﬁzfik{;é%%%

i) Intra-rater Inter-rater
DA 0.998 0.997
AS 0.996 0.996
DS 0.998 0.996

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # R "B L3 4448 W h A B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 2L T §R % 78 2b

DS : the top of the dens to the posterior point of the spinous process > #

REBEIRRTEL
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404 230380 4 3 A Ho ¥ SHBKILEERERASE AN

(Pt L RERGEFE =5 00)

ek L EIPAR R E =0 M- A

DA (2 4) e B =7358+231xDA (24)
AS (2 4) BB =9095+ 153 XAS (2 4)
DS (24 ) #EEPE =9064+13.9%XDS (24 )

DA : the top of the dens to the anterior-inferior point of the vertebral
body > # % "8 2L 4648 w0 28 B 1B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 2L T §R % 78 2b

DS : the top of the dens to the posterior point of the spinous process » #

REBEIRRTEL
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%5 »IN3BI A A A Mu] > A TR FlFREEERERE F N

(Fpcgt- LR G EFE =L 20)
RS R A

P b

a5 L% =64154+189%XDA (24 ) +54

DA+ AS (=4 )
XAS (2>4)

¥ % =78163+83%XAS (=2~ ) +87

AS+DS (24 )
XxDS (2 4)

s ¥ 8 =67.1684+43xDS (24 ) +19.0

DS+DA (24 )
X DA (=4 )

DA : the top of the dens to the anterior-inferior point of the vertebral

bOdy  # RTE %iﬁ%ﬁﬁ%&fﬁg}.
- the anterior-inferior point of the vertebral body to the posterior point

of the spinous process - 4a.%8 = = & (< 8L T #k % "8 B

DS : the top of the dens to the posterior point of the spinous process » #

REBIRRTEL

DA+AS: & R EBET 408 2 5 M BE + SR H 5 MBET fRR R B

AS+DS : 4afm i MBI A TEE + ® R TEEL T fRK TR L

DS+DA : # 2283 R X F 8 + #& R BT 4 o s A A gL

32
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%6 230389 4 2 AEw] o 238 % - AR R RiER Y B ot

(Fpcgt- LR G EFE =L 20)

iz g o 5 R AR L SRS

DA+AS+DS  #f &3 =6264+17.6 XxDA (24 ) +4.2
(24) XAS (24 ) +24xDS (24)

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # R "B L3 4448 W h A B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §R % 78 2h

DS : the top of the dens to the posterior point of the spinous process > #
REBD WRRTE

DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 2L 3 4688 w0 24 5 B + 4608 W =3

BB WRRATAE + R RTTEIRRTAE
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AT THL2EL A H - o R R 25 (e
FERSAfGERHE L ON)

P LA S L R

DA (24 ) 4283 (24) =9245+187 xDA (24 )
AS (2A) i (24) =12052+9.6 XAS (24 )

DS (24)  faféag (24) =12047+87xDS (24 )

A : the top of the dens to the anterior-inferior point of the vertebral
body » # X 78 2L 3 46 %0 W =k 4 B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 8L T §k % 78 2k

S : the top of the dens to the posterior point of the spinous process > #:

®TE g3 ff"iiTE
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%8 § 4251 4 > A3 - ;F’fii}’if"{‘l’&vlﬂ F)%.#E_Fm-— A X (J}'ﬁ‘f{i"{fi}&.
FEREHGYRE L O8)

F=id 10l
FRLghE o
B g3 N
e lg (24)
DA + AS
(2h) =85.58+ 176 XDA (=4 ) +2.3
XAS (=45 )
Rl 3 (28)
AS + DS
=109.04+42XAS (=4 ) +7.0
(=2n)
XDS (=4 )
L3 (28)
DS + DA
=89.07+172XxDA (=% ) +1.7
(=n)

XDS (=4 )

A : the top of the dens to the anterior-inferior point of the vertebral
body - # R B L3 4448 W = A (B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 8L T §k % 78 2k

S : the top of the dens to the posterior point of the spinous process > #:
REELT RR TR R
DA+AS: & R BRI 40t 2 B M BE + SaB o B MBET fRR TR
AS+DS: 4w A MELT fRR BB + % RBEEI R B
DS+DA : # X281 fRREE + & RBELT 4080 B B
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29 THL5L 4 0 2T C FRSMEEE RIH D3 2 (R
FERSAfGERHE L ON)
P gk

FHEFHE 2

L= N
BEEF (28)
DA + AS +
=85.103+ 169X DA (=4 ) +1.7
DS (24 )

XAS (=24 ) +1.2%xDS (24 )

DA : the top of the dens to the anterior-inferior point of the vertebral
body > # % "8 8L T 48 %8 = f A 4 2L

S : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k
DS : the top of the dens to the posterior point of the spinous process » #
REBBIRRTEE
DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 Bk 1 4688 »0 xH & 8L + 4a K8 w0 of

T MEBLT FRRTEEE + ¥ R TEEET PRR TR B
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% 10 —&lf’}‘_1384 » H - % ‘—JF*E}:‘F"%{’\#’WF&;}E—FW* \;\,‘ (;EF,@'{
BEE RS FE L 28)
P LA

DA (=4 )

A GRS

e F (24) =87.83+187xDA (24)
AS (2 4) faF L3 (o4 ) =119.66+84 X AS (=4~ )
DS (2 4) e g (24) =9534+123XDS (24)

: the top of the dens to the anterior-inferior point of the vertebral

bOdy v R TR 2L 3 ﬁ%ﬁﬁ S%ﬁ’»f'&gé'

S : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k

DS : the top of the dens to the posterior point of the spinous process » #

R EEBET §R R R EE
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?\ ll—gh‘ 1384 sy 53 T ‘—JF'*EL‘F’JQ{{’\!:'WF)%»#E—\:W* \;\,‘ (;}'3?,?2{
BEE RS FE L 28)

F=id 10l
SRER AP
g
BREE (24)
DA + AS
L =7441+174xDA (24 ) +4.1
(=)
XAS (= 4)
HEER (24)
AS + DS
=91.14+ 18X AS (=& 11.5
(=2n) * ( )+
X DS (= 4&)
g (24)
DS + DA
=6779+ 143 XDA (=4 ) +7.2
(=n)

X DS (= 4&)

A : the top of the dens to the anterior-inferior point of the vertebral
body - # R B L3 4448 W = A (B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 8L T §k % 78 2k

S : the top of the dens to the posterior point of the spinous process > #
REELT RR TR R
DA+AS: & R BRI 40t 2 B M BE + SaB o B MBET fRR TR
AS+DS: 4w A MELT fRR BB + % RBEEI R B
DS+DA : # X281 fRREE + & RBELT 4080 B B
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?\ 12 4 h‘ 138 A » = iE ~.‘ ;F’fﬁt%iﬁ{’\!:"ﬂ F)%.;}’H-Fm-— \;\,‘ (;EF,@'{
BEE RS FE L 28)
Priegh e

il AR - AN

= 5\
fis 2% (o4 ) =65.7314+142%XDA (=24~ )
DA+ AS + DS
< +09XAS (=4~ ) +69
(=5)

X DS (=4 )

DA : the top of the dens to the anterior-inferior point of the vertebral
body > # % "8 8L T 48 %8 = f A 4 2L

S : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k
DS : the top of the dens to the posterior point of the spinous process » #
REBBIRRTEE
DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 Bk 1 4688 »0 xH & M BE + 40K w0 2f

T MEBLT FRRTEEE + ¥ R TEEET PRR TR B
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# 13 230389 4 2 A frwl ot o ZERER VAR 59 A T sk

& L%
Ficghize b Mean difference p-value
DA -0.9522 0.244
AS -0.6109 0.459
DS -1.2042 0.189
DA + AS -0.7794 0.302
AS + DS -0.6669 0.414
DS + DA -1.2909 0.099
DA + AS + DA -1.1960 0.112

A : the top of the dens to the anterior-inferior point of the vertebral
body » # R "8 L3 4088 W h A B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process » 4448 o #H & 1 2L T #k % 78 2k

S : the top of the dens to the posterior point of the spinous process > #:

REZETMREE
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# 14 238389 A 2 om0 >389 LB R W59 A 0 R T

[t
Ficghize b Mean difference p-value
DA -0.8339 0.210
AS 0.0542 0.951
DS -0.0915 0.913
DA + AS -0.6797 0.284
AS + DS 0.1627 0.835
DS + DA -1.0305 0.109
DA + AS + DA -1.0153 0.106

DA : the top of the dens to the anterior-inferior point of the vertebral

body > # R 7B BL T 45 KY v = B < 8L

AS : the anterior-inferior point of the vertebral body to the posterior point

of the spinous process » 4a.%8 = = & (< BL T §k % 78 B

DS : the top of the dens to the posterior point of the spinous process > #

REZETMREE
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%15 §H 251 A PR AN AHRBERAETARIT AT AT

[t
Ficghize b Mean difference p-value
DA -0.0444 0.962
AS 0.0482 0.959
DS 0.1736 0.840
DA + AS -0.0749 0.935
AS + DS 0.1280 0.882
DS + DA 0.1563 0.860
DA + AS + DA -0.3321 0.711

DA : the top of the dens to the anterior-inferior point of the vertebral

body > # % "8 2L 4548 w0 58 B 1B

AS : the anterior-inferior point of the vertebral body to the posterior point

of the spinous process » 4a.%8 = = & (< BL T §k % 78 B

DS : the top of the dens to the posterior point of the spinous process > #

REZETMREE

42
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%16 F4 251 A Bu o 5251 LAY 3T A o BRI S

Pk e & Mean difference p-value
DA -0.3054 0.719
AS 0.7351 0.526
DS 0.8108 0.436
DA + AS -0.4135 0.622
AS + DS 0.5811 0.571
DS + DA -0.1216 0.884
DA + AS + DA -0.6757 0.418

A : the top of the dens to the anterior-inferior point of the vertebral
body - # X B L3 4448 W o A (B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k
DS : the top of the dens to the posterior point of the spinous process » #

REELT $RR TR B
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F17 %138 A w3t s ZREACE VAR 22 A TR AR T
&5
gk e g Mean difference p-value
DA -2.1707 0.052
AS -1.9258 0.140
DS -2.7098 0.044 x
DA + AS -2.2984 0.031
AS + DS -2.5026 0.056
DS + DA -2.4740 0.028 %
DA + AS + DA -2.5488 0.023 %

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # X 78 2L 3 46 %8 W =k 4 B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 8L T §R % 78 2b

DS : the top of the dens to the posterior point of the spinous process > #
REEIWRRTEE

% p-value<005  fam L g Epli g lE LR
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2018 41138 A B2 N 5138 L&Y 4R 22 4 > AR TS

Pk e & Mean difference p-value
DA -0.7864 0.416
AS -0.6409 0.577
DS -0.1273 0.900
DA + AS -0.8500 0.378
AS + DS 0.0227 0.952
DS + DA -0.2955 0.735
DA + AS + DA -0.3955 0.653

A : the top of the dens to the anterior-inferior point of the vertebral
body - # X B L3 4448 W o A (B
AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k
DS : the top of the dens to the posterior point of the spinous process » #

REELT $RR TR B
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%19 2B REALITTARLBIAL (FH37 4 > 2224 ) Edbl

A dc
| >3 (N=59) 74 (N=37) %4 (N=22)
X e h G X g A G X g A G
EHTH
(%) (%) (%)
20-30 4 (6.8%) 3(81%) 1(4.6%)
31-40 11 (18.6%) 8 (21.6%) 3 (13.6%)
41-50 5 (8.5%) 3 (8.1%) 2 (9%)
51-60 12 (20.3%) 7 (18.9%) 5 (22.7%)
61-70 6 (10.2%) 3 (8.1%) 3 (13.6%)
71-80 21 (35.6% ) 13 (35.1%) 8 (36.4%)
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#.20 %138 A Mu N s LSRR VAR 22 A TR ¢ 2 51-60

Ficghize b Mean difference p-value
DA -4.7360 0.075
AS -3.7220 0.058
DS -6.5000 0.053
DA + AS -4.2800 0.082
AS + DS -5.9720 0.061
DS + DA -5.5780 0.060
DA + AS + DA -5.5020 0.060

DA : the top of the dens to the anterior-inferior point of the vertebral

body > # R 7B BL T 45 KY v = B < 8L

AS : the anterior-inferior point of the vertebral body to the posterior point

of the spinous process » 4a.%8 = = & (< BL T §k % 78 B

DS : the top of the dens to the posterior point of the spinous process > #

REZETMREE
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%21 pAFg f Torimitsu % 2 > gr# 2307 A i e s 8- 5 -

FREARCLRLFRG ON (Bhgrlrehc i 3 =
ESANAS
PR LA EI UK A A

LR (22)

= 5220+ 286 X DA (=4 )

DA (=4 )

BREF (24)

=40.84+ 251 X AS (=4 )

AS (2 4)

L F (k)
DS (24 )
=69.93+18.7XxDS (=4 )

DA : the top of the dens to the anterior-inferior point of the vertebral
body - # R B L3 4448 W o A (B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o =4 & M 8L T §k % 78 2k

DS : the top of the dens to the posterior point of the spinous process » #

REBEIRR T
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%22 prF 7y 7:{ Torimitsu % z_ éz}%r‘ g H- % Fiafic

ghir EREBHEON (Bt LR REELZHEL O0)

FHCEE T LA SR S A

e 3 (24 ) =10217+16.8%x DA (=
DA (2- %)

A

HRE3 (28)

AS (2 4)
=100.88 + 13.7 X AS ( =>4~ )

HEbg (2A8)

DS (24 )

=12216+9.2XDS (=% )

DA : the top of the dens to the anterior-inferior point of the vertebral
body - # R B L3 4448 W o A (B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k

DS : the top of the dens to the posterior point of the spinous process » #

REBIRRTEL
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% 23 p *F Y 7:{ Torimitsu % z_ éz}%r‘ Lfen s H- % fpiasi

ghir EREBHEON (Bt LR REELZHEL O0)

PR L I EE L SR A
g (24)
DA (2 4)
=83.00+ 15.0 x DA ( = % )
Rl (28)
AS (2 4)
=92.04+13.2XAS (=24 )
b g (24) =71.91+224xDS (2
DS (24 )

A)

DA : the top of the dens to the anterior-inferior point of the vertebral
body - # R B L3 4448 W o A (B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k

DS : the top of the dens to the posterior point of the spinous process » #

REBIRRTEL
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%24 p AFEY 7:{ Torimitsu % 2_ éz}%r‘ Eon L IPA SR 12 - A a2
s RMen s D - SRR RE LG N (i

BERSHGEFE L 00)

LR CATIE R

wEEg (28)
R A =11.254+16.0x DA (=4 ) +10.0
XAS (=24 ) +83%xDS (24)
L3 (28)
742 =56.02+11.8XDA (24 ) +7.9
XAS (24 ) +51%xDS (24 )
L3 (28)
e =21.65+158%XDA (24 ) +5.0

XAS (24 ) +109%xDS (=4&)

DA : the top of the dens to the anterior-inferior point of the vertebral
body - # X "8 L1 4688 7 =) B 1< 2L

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process » 4848 # =% & M gL T #k X 78 2L

DS : the top of the dens to the posterior point of the spinous process > #

REETRRBE
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225 AT A AMEEHEF > 22015 277 23 AR et e

BT %

gk e g Mean difference p-value
DA -1.1499 0.183
AS 2.7953 0.002 %
DS -5.9854 0.000

DA + AS + DA -2.5029 0.004

DA : the top of the dens to the anterior-inferior point of the vertebral
body > # % "8 2L 4648 w0 58 B 1 B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o0 =4 & M 2L T §R % 78 2b

DS : the top of the dens to the posterior point of the spinous process > #
REBBIRRTEE

DA + AS + DS : the top of the dens to the anterior-inferior point of the
vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 Bk 1 4688 w0 xH B X BE + 4a 48 w0 2f
BoMBET RRREEL + HRTREEET RRR AL

% :p-value<005 e 3 EREF I HFLE
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226 AR A AHBIEF A B A 2015 EFAT LA ARE AR T

106 FHeRE (L3 TREES 28)

S BRE DA +AS +
s 3 DA AS DS o
1 1635 163.7 144.8 149.8 150.5
2 1750 179.8 170.9 178.4 182.6
3 1760 192.1 172.3 177.5 189.6
4 166.0 168.3 162.8 164.6 166.8
5 1506 165.2 162.8 171.3 168.0
6 1651 181.8 170.4 180.6 184.5
7 168.0 171.2 168.9 163.6 170.4
8 1600 166.0 167.1 171.7 170.4
9 1688 166.0 154.5 170.7 165.0
10 165.0 168.6 174.4 172.0 174.9

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # X "8 2L 3 4088 W h A 1B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8+ =4 & M 2L T §R % 78 Bb

DS : the top of the dens to the posterior point of the spinous process > #
REBBIRRTEE

DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % 78 Bk T 4648 w0 >3 & M BE + 4848 @ 23

BB AT + A RTTEIRRTAE
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%271 27 A A MRudtF »p A205 87722 A HuE B G

AR LB 10 EBHELEE (DB RERE L AN)

S BRI DA +AS +
s 3 DA AS DS o
1 1520 157.5 1475 161.0 153.1
2 1523 163.2 150.5 163.2 158.5
3 1599 162.3 155.6 161.6 159.2
4 1520 165.2 148.0 169.8 161.5
5 1525 155.5 149.0 167.5 155.4
6 1480 151.2 150.3 170.0 154.6
7 1500 159.5 156.8 164.2 159.3
8 1652 166.3 160.8 166.2 165.6
9 1450 154.6 151.3 162.5 153.6
10 1580 160.3 152.8 168.3 160.0

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # X "8 2L 3 4088 W h A 1B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8+ =4 & M 2L T §R % 78 Bb

DS : the top of the dens to the posterior point of the spinous process > #
REBBIRRTEE

DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % 78 Bk T 4648 w0 >3 & M BE + 4848 @ 23

BB AT + A RTTEIRRTAE
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228 A7 I HHEF P A205 8772 FHEFHE O T

BT %

gk e g Mean difference p-value
DA -2.0930 0.025 %
AS -0.5299 0.574
DS -4.2328 0.000

DA + AS + DA -2.4188 0.014 %

DA : the top of the dens to the anterior-inferior point of the vertebral
body > # % "8 2L 4648 w0 58 B 1 B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8 o0 =4 & M 2L T §R % "8 2b

DS : the top of the dens to the posterior point of the spinous process > #
REBBIRRTEE

DA + AS + DS : the top of the dens to the anterior-inferior point of the
vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 Bk 1 4688 w0 xH B X BE + 4a 48 w0 2f
BoMBET RRREEL + HRTREEET RRR AL

% :p-value<005 e L F L ERLF T HFLE
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229 AT I HPEF P A0 =T I HEFHGAN T

106 FHeRE (L3 TREES 28)

S BRE DA +AS +
s 3 DA AS DS o
1 1635 167.7 157.6 161.4 156.5
2. 1750 177.1 171.9 175.5 179.2
3 1760 184.3 172.6 175.1 184.4
4 166.0 170.4 167.5 168.7 168.1
5 1506 168.5 167.5 172.0 168.7
6 1651 178.3 171.6 176.6 180.4
7 1680 172.1 170.8 168.3 171.0
8 1600 169.0 169.8 172.2 1705
9 1688 169.0 162.9 171.8 166.3
10 165.0 170.6 173.8 172.4 173.9

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # X "8 2L 3 4088 W h A 1B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 48+ =4 & M 2L T §R % 78 2b

DS : the top of the dens to the posterior point of the spinous process > #
REBBIRRTEE

DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 2L 3 4688 %0 = B M BE + A48 W =3

BB AT + A RTTEIRRTAE
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EY

230 AATT A MHESF A p A20I5 AT 2 AL FHE SN %

BT %

gk e g Mean difference p-value
DA 16.4636 0.000 %
AS 14.1553 0.000 %
DS -30.8449 0.000

DA + AS + DA -3.2569 0.006 *

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # X "B L3 4488 W h A B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 4648 o =4 & M 8L T §k % 78 2k

DS : the top of the dens to the posterior point of the spinous process > #
REBDIWRRTE

DA + AS + DS : the top of the dens to the anterior-inferior point of the
vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 Bk 1 4688 »0 xH B 8L + 4a K8 w0 2f
BoMBET RRREEL + H RTREET RRR AL

% p-value<005  fa L g Epli g lE LR
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23l AT MR EF > A2058F7F7 2B E 3G o0 L

106 FHeRE (L3 TREES 28)

S BRE DA +AS +
s 3 DA AS DS o
1 1520 138.2 138.1 181.0 154.1
2 1523 141.2 139.7 183.7 159.2
3 1599 140.8 142.4 181.7 158.7
4 1520 142.3 138.4 1915 163.6
5 1525 137.2 138.9 188.8 157.1
6 1480 134.9 139.6 191.8 156.4
7 1500 139.3 143.0 184.8 158.9
8 1652 142.9 145.1 187.3 164.7
9 1450 136.7 140.1 182.8 154.2
10 1580 139.7 140.9 189.7 161.0

DA : the top of the dens to the anterior-inferior point of the vertebral
body » # X "8 2L 3 4088 W h A 1B

AS : the anterior-inferior point of the vertebral body to the posterior point
of the spinous process > 46 %8+ =4 & M 2L T §R % 78 Bb

DS : the top of the dens to the posterior point of the spinous process > #
REBBIRRTEE

DA + AS + DS : the top of the dens to the anterior-inferior point of the

vertebral body + the anterior-inferior point of the vertebral body to the
posterior point of the spinous process + the top of the dens to the posterior
point of the spinous process > # % "8 2L 3 4688 %0 = B M BE + A48 W =3

BB AT + A RTTEIRRTAE
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