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222 ;o ATAE FUERARHPE W] GolA] FRY JNMEAA AUREUFLY 2 Hogw
Aole) AeE A1 FHIYAA Aol AFAAL A AT Y 712 ARE AT Gk HYFFoR
A7\ FHINE BG4 F AFPAB Aot AFALANF 1)1 719 So gl B4 200% (4 887, o]

e
2 11289)e Ao sgon, B dge 4 341 (20~84A41), BHF AL 1613 cm(135~187 cm)o| Qick. T2 =
A7 B olg3te] FAWMEN A AUEUUSZLR Teln A5AB Ao] ALYES AZse] A ° 4%
o te RS R, O*ZHBF*HEXMW AU FLRAR 72l 628+9.4mm, G WEANZA
o HUBAN AL 2322421 8mm, YA MEAER| A AukrriUFE Ao] M4 A2E 34.8mm, A
A 939 min, SAUBAFAN ASLE ol 3 A 1550 mm, A5 Ak 2840 mmel ek S A4S

MEAAA e YFER7EA], 223 Y3 —/\HEXMW AL L E7A ARls BF oo EAES &A ¢
EFEIL (p<0.05), FAIWEANFA A et % 8 AHedE Abo] Als Al diE fofd AuEAE EAT

(p<001). o] A7 A3t G HoA JHHMEMNH FAFUFLE % H5AB Ao] Azlo] thet A A
2 A58 AT, AET0o] T GA Age] A Busl aFA Aol B AL g w5
o] @ Role} At

HOIET| g2 JAWMESA, FeF T LR, AU e, A7 S EA, =4l

M = 7kl ZHehulZ2F 7k (epidural space)o] U EFEL

A 7HEE ARgES FUSH] Ao 253
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2ru2 417 4 @ < (epidural neuroplasty)©|th. FufEtE4l  SHYE F3A S 7HEHEHE Auugesto =2 A =
BB EL F4E S8 Rl Auat H4eg Aol AR WA =Pty FES FUSteH A&
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= WA GR A Fm) o] x| do] FFAS wet &
AE R GonA WAt FREEA [5] YA W E (apex
of sacrum)™} ¥Z& 9] )X W& (sacral cornu)Z ©|FA
St 47hel Fe2 ehiel JAMEAE B, v}
A9k, QX 729t (sacrococcygeal membrane) 2.2 Eo] Q)
o] ZuupPZEIt ZJA S237 A&7} Heh[6]. YA WS
MNEA o st FAMES UAGA AT Ex= ohAl
AP Mmoo 80%7F Y3t HuE o] Qlrh(7]. &
WA o2 HpdBol Yx= ARG m el ER S 2w AL
o] 9] HAto|duto]x|ut, A Gl TR T Ato]
o] HFAto|dut Hut opuzh, AAjsiefm off 389 1
Eolol 71% gttt AU EL G0l vls) o/4dollA H
ofZo] Xttt dHA UrH[8]. A4YUEY A=
AZFol webA= Zol7h e A oi e zed, +8d
AN = AA s 2w SR 44%)00 7HE wol Ak,
oz 7ielo = AR s 2wt A5 2w 2 FAbo]H
v 29 (52%)°l 71 wol ARk g A dom (9],
F F=elE e 3 AreEdTolse AAE
g SR 7P Wol YA sk, AAE ez &
AolMe SRS 2w 9 329 1 F9o 7 w@ol $1%]
ot HuEIoH(10]. B3 AYEHySE e dubs
o2 SRR A S ofE o] AT dHA YA
T AR GA| A A oA A G XA Fm A
2] Ato]of| theFstAl YA Sttt Bk Ioh(11].
auz JAWSAHY} FuFEHyIEeR 94 AedE

Aole] e SR A4 Aol FET 2

A)

< 943 g7] Al YAWMSAE Foto] AHErEEte
2 HIote 7MY 7= v R AR Fee 4 Y
ShaL, B m S LR Hx|of uhet Al ne] o) g
=7 EEb AT £ Qe AR e S8 AR
WAE 7192 = 3tk 53] AeAEFH o =0l

o] Aukilg el FHEEE AANA A
A% % W47 24 WA = L5k, gztol4, o
49 Aojoh 2 A7kt BAZL AT P50 Erh
ool o] ATFONME WA A& 5 TEHolof T YA WE
A AR SRR ) Y8R ALE 272
oA Azstol daele) A4 Aol gt 7% ARE
AgstaA st

Table 1. Basic information about research subjects

Frequency Percent
Group
Male Female  Total (%)
<149 0 33 33 16.5
150~159 6 55 61 30.5
Height group(cm) 160~169 44 24 68 340
>170 38 0 38 19.0
Total 88 112 200 100
<39 25 17 42 21.0
40~49 16 20 36 18.0
50~59 17 20 37 185
Age group(years) 65 69 17 23 40 200
>70 13 32 45 225

Total 88 112 200 100

Fig. 1. Determination of the exact measurement of position in relation to the location and the type of variation of the sacral hiatus (SH): (A)
Identification of the position of SH using bone setting sagittal images with CT, and (B) Determination of the exact location of measurement

by using T2-weighted MR images (arrows; Apex of the SH).
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3P EZo R 3y YxF Yo A7]EH JAHMRI, Ach-
ieva 1.5T; Philips, Eindhoven, Netherlands)& 28t Il'xl'

3 2492 9 AuEeUsere gAY Ju W
2 FUT 5 Ub HRGUTHOIG HEAYANS

23 719 59 o] gt 2009 (47 887, oI 112
W) G GG O], @Y BRI 20404 844

G| EMRL H4-BE ALO] H2| 147

O] Wt Hol= 5434019 H, A2 135 cmol|A]
187 cmO| AL, H+t AIAE 161.3cm©] ¢t (Table 1). 74]-7]
TG A HFHENe TAT FER BT

H5:A17, 225 v Adele] o] Ba HEWMIS'
(turbo spin echo) T27Z G471 (TR 3670 msec, TE 120
mse)Z S, U A5 LE B HEL TS B2
4242l A71F9PY 9 7l F 2l DRIVES:
$3to] AgFuUFUR 7
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Fig. 2. Schematic illustration of the measurement methods: (A) Identification of the position of the sacral hiatus(SH). (B) Measurement of
the distance between SH and the termination of dural sac(DS). (C) Measurement of the distance between SH and the conus medullaris(CM).

Fig. 3. MRI T2-weighted, midsagittal plane images using PACS (picture archiving communication system) were measured along the ver-
tebral canal: (A) The position of the sacral hiatus (SH), termination of dural sac(DS) and conus medullaris (CM). (B) The distance between

SH and DS. (C) The distance between SH and CM.
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Fig. 4. Location of the Apex of the sacral hiatus(SH). The inci-
dences of the apex of SH located at the level of S3 to S5 vertebrae
were 9.5% at the level of S3, 63.5% at the level of S4, and 27% at
the level of S5.
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Fig. 5. Histogram showing the frequency of the vertebral level of
the apexes of the sacral hiatus in male and female subjects. 5.5%
of the male subjects, and 4% of the female subjects were located at
the level of S3. 28% of the male subjects, and 35.5% of the female
subjects were located at the level of S4. 10.5% of the male sub-
jects, and 16.5% of the female subjects were located at the level of
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Fig. 6. Histogram of the frequency of the vertebral level of the
apexes of the sacral hiatus among the different height groups in
both male and female subjects. 1.5% of the height group (<149
cm), 2% of the height group (150~159 cm), 3% of the height
group(160~169 cm), and 3% of the height group (> 170 cm) were
located at the level of S3. 11.5% of the height group (<149 cm),
22.5% of the height group (150~159 cm), 18% of the height group
(160~169 cm), and 11.5% of the height group (=170 cm) were
located at the level of S4. 3.5% of the height group (<149 cm),
6% of the height group (150~159 cm), 13% of the height group
(160~169 cm), and 4.5% of the height group (=170 cm) were lo-
cated at the level of S5.

PE AL} 54%0]31, 223 JAWMEAER = AR YA
2w ol A oA G 2 Fm Alo]of ATt Hiy
of QItH7]. I ER A7|FE B Al FAH
=M gt /1A Aol Fasith ol fls MA AS
AR GAAFW7L & Ho|eg QF4H st
HIFAY A B

oofgt 3, A7 3 94 A FF Felske B
Ho g et HAE AT (Fig. 1). Y wM S Aol A
AgFrUIURE 9 HRAE Apo] A ASL2 449
g 9 S A Aol 7hesta AT e
7} &30 0]83}7] 42 PACS (picture archiving communi-
cation system, G2, Infinitt health care, Seoul, Korea)S A}
L3l TH12] (Figs. 2 and 3). AFA2] AS 27 E F0|7]
ol o Wel ATHAT 247 5 WA AZelo] 3
e o] &3t A T, A A=A (scale reliability anal-
ysis)9] FWAFIA S (intraclass correlation coefficient)S
o1 g AFE B AT} JAWMENTA A AUy



ZUH Alo] AZgho] 99.5% L5t FAH o= §-25t
(p<0.001), XM E A EA|of| A HFAE Alo] AS
99.9% A3t EARH o §at9TH(p<0.001).
A7 BAL SPSS(Ver2l, IMB, USA), A v
-test, A1 1Fo & 4EL2 one way ANOVAR, 11
A7 gz A eke] 4B Fojd A
(correlation coefficient)E& ©]-8-3}%th.
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A71e T2 WHoR AEe A3, AW ENFEA =
MR G2 A F=w ol 9.5%, AR PR HF=mof| 635%, 121l
AR G H S ol 27%7F A5k Th(Fig. 4). 15 4
Hol| W2 JAMEAEFA Y 2= A A A F=w o F
3 55%, 94 4%7F AASHHL, AR JAHFml= o
A 28%, 9173 35.5%7F A5t 0w, THAR) F 2| 2 =1 o
L 94 105%, A4 16.5%= UEFETH(Fig. 5). B3 A%
of ME JAMEMNEFEA Y AA| = AA G2 HS=w | 149
cm ©]3F 1E AL 1.5%, 150~150 cm 1E2 2%, 160~
169 cm LEN AL 3%, 183 170 cm oA 1A=
3%7F A AL, ARG X ZHS=w o] 149 cm o3} TF-2
11.5%, 150~159 cm L&) AE 22.5%, 160~169 cm 1
22 18%, 181 170 cm O]AF A2 AL 11.5%7F ¢
st om, AR G X HSmwol 149 cm ©]8F TFN A=
3.5%, 150~159 cm 1E-2 6%, 160~169 cm 1Eo|| AL
13%, 183 170 cm )4 1804 4.5%= Jebgch(Fig.

p=0.010
75
T
-
. 504
=)
g
1%
A
sy
%)
25 A
0
Male Female
Sex
A

LR SAHRL A& ALO] 72| 149

6).
PR ENFA A AEFHUFTLR Afo] Al &
Aol Ao 647+88mm, AL 61.3+9.6mmo|YL,
o 62894 mmEA o] FAARY Azt A et
Wtk (t-test, p<0.05). GRS EX| oA H=LE7A|
AYE 949 AL 24454160 mm T oA o] AL
22254210 mmo| 1L, B 2322421 8 mmEA] o] Ao]
HAET AZ7F BA YEFGT (t-test, p<0.05, Table 2,
Fig. 7).

AL thAFAFS] AL 161.3+£9.6cmO| YL, A2 WEAY
TR A et UFLR Abo] H& A= 348 mmE,
olo] #Fst= A= A1 149 cm o]3} &l &390
I, G FAH Ao A et U FTE 7He 2o A2
£ 93.9mm=, o]9] Fs= A= AR 160~169 cm
IFol &3FSAth(Table 3). YA WS EFA A HFHE

Table 2. Comparison of the distance between SH and DS with
that between SH and CM according to sex

Total
+
Sex N Mean £ SD t  p-value mean+SD
(mm) (mm)
Male 88 64.7%8.8
_ *
SH-DS Female 112 613+9¢ 2012 0010 628+94
+ Male 88 2445+16.0
SH-CM Female 112 22254210 3159 0000 232.2+21.8

The data were analysed by t-test and considered significant at p<<0.05.
*SH-DS: The distance between the sacral hiatus and the termination of
dural sac.

"SH-CM: The distance between the sacral hiatus and the conus medullaris.

p=0.000
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Fig. 7. Histogram of the distances between the sacral hiatus (SH) and termination of dural sac(DS), and between SH and conus medullaris
(CM) according to the sex. (A) The distance between SH and DS. (B) The distance between SH and CM. The data were analyzed by t-test

and were considered significant at p<0.05.
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Table 3. Comparison of the distance between SH and DS with that between SH and CM according to height

Mean = SD (mm) Distance (mm)
Height(cm) N
Male Female Total Minimum Maximum
<149 33 0 589+10.2 589+10.2 348 742
150~159 61 63.6+13.2 627184 62.8+8.8 40.5 88.0
SH-DS 160~169 68 65.1+8.5 613x11.1 63.8+9.6 424 939
>170 38 644184 0 644184 40.0 769
F-value 0.111 1.584
(p) (0.895) (0.210)
<149 33 0 209.2+19.3 209.2+193 1550 2445
150~159 61 2199487 2250+193 2245+18.2 183.5 264.0
SH-CM 160~169 68 243.8+13.7 2350179 240.7+15.8 174.5 278.0
>170 38 2492+159 0 2492+159 201.0 284.0
F-value 10.681%** 13.921%#%*
(p) (0.000) (0.000)
The data were analyzed by one way ANOVA. *p<0.05, *¥p<0.01, and ***p<0.001
p=0.000
Sex 280 Sex
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Fig. 8. Vertical box plots of the distances between the sacral hiatus (SH) and termination of dural sac(DS), and between SH and conus
medullaris (CM) according to the height and sex. (A) The distance between SH and DS. (B) The distance between SH and CM. The data

were analyzed by one way ANOVA.

Abo]l H A AL 1550 mmE, 1 AR A& 149 cm
o|ate] g0l &3, AWM EAH TR oA HpUE TH
A AL 2840 mmEA, 1 YARE= A& 170 cm 9]
A 35 &34t (Table 3).

FAWEAEA | A FBurFEHYFEE Afo]o] Ao
2 A% 258 A vaoA=, A% 150~159 cm 1
EoA FAo] 63.6+13.2mm L3 oJAdo] 62.7+84
mmZ e, A% 160~169 cm L&A FAlo] 65.1
+8.5mm 181 oJA0] 61.3+11.1 mm=EA oJAo] T4
Hoh A7t &A vebgth B3 JAWSAHEA A H
TUE Aol g wE A% IFE A vaofA
L, AF 160~169 cm 1EA dAdo] 243.8+13.7 mm

a3 oJAlo] 2350+17.9 mm=EA ojAo] YA KT 7
27} BA derAR, A% 150~159 cm 2804 gAdS
219.9+8.7mm 24 o349 2250+193 mm=Ett A Y
E}5tTh(Table 3). YA WS FA| A FepEmyFTEE
Aol 9] A% TFo WE A A BlaoA= FA T o
A BE AR mE o3 Zpo]HE HolA] GEekA|RE,
FA W EAFR oA HpUE Abo] o] ARTF| WE A
AT vlaoAE 8T o BF A IE {2
3t 2}o]dS E T (one way ANOVA, p<0.001, Table
3, Fig. 8). stA|9F ] F& o] JA WS EF Aol A
Ao USEs 9 HedE Abo] Ags A& o] mat
A Z¥zy gt A A S B H Tt (correlations, p<0.01,
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Fig. 9. Vertical box plots of the distances between the sacral hiatus (SH) and termination of dural sac(DS), and between SH and conus
medullaris (CM) according to the height. (A) The distance between SH and DS. (B) The distance between SH and CM. The data were ana-
lyzed by correlation coefficient and were considered significant at p<0.01.

Table 4. Analysis on Pearson’s correlation coefficients of height
and location for the distances from SH to DS and CM

Table 5. The frequency of different locations of the base of the
sacral hiatus in relation to sacral vertebrae

Pearson
N correlation p-value

Height 0.189%* 0.007

SH-DS Location’ 0.808 0.260
) 200

SH-CM Hei ght . 0.636% 0.000

Location -0.037 0.602
*Correlation was considerd significant at p<<0.01.
Location of the apex of the sacral hiatus.
Fig. 9). 28U QX MEHEA Y AuprriyFas o
QB Aolo] A2l YAWMENTA 2| ¢i)9} ol
HAE HolA| 3T (Table 4).

n #H

SEEFe AR Arleh HEe] YA Aoz o
37 2o ot Qzke YRY A IS T
ok oF 80%7} ST EFE Ao, AT HEEL 15~40%
2 el olot13,14]. 3255 7MY 2% 29 3
FAroluke] Ead wist] o3 LA A Sl A
frele) st AT g £ AU} ohd Rel2 5
Zujo] A3 Aupolut HAF RS dupstel 4L
Fshe AR HFAfol i EFolch e ARl

o 3 2 -3
ek 9] 771

= A 2 W-o A S 2w Bk
A Aol A go] TSI, A=

Location Total sacra Male sacra Female sacra
of sacral (n=200) (n=288) (n=112)
hiatus apex N, % No. % No. %
S3 19 9.5 11 125 8 7.1
S4 127 63.5 56 63.6 71 634
S5 54 27.0 21 239 33 29.5
Total 200 100 88 100 112 100

Q1 AU 2wl 5 2 WL S5 -5 5] o]
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A Bho] MAISH, B9l Mol fto] ol el AN 1
o o 27]0] a4 Asbh A71m 404 ol Tl AL 90%
o4} Ha4 Walt dofudria masle} grhs).
slem B3l g EF o} HEAol T ERS
2o A2 A=Hol AL AHEHT i, 45 ol
A&w3 e Auutga44Eae GAMEA 2
SAFFAUFUR 221D ALUBA] A2l Ao
Aol glold Fa ARE AT UL 9 Hupx
HUFERe 9o Yt AuATE F2 AAHRE
5% 8¢ ARt PHon AL, e
Apojet 71501 gl wheba A O] A4 SRt
HHOR A7k ool NI k. AT B M
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o] Aol A= AIAIY &<t FjFEAl 1
o] H x| H o AR 59 3R %Li% z
E & 3, vAgHoH, H33e] Idd
< 2 5 Stk HoA %ol o] &H I Qe A
61 7ML YA W ENF A A 7
HpdBAtol o] A E AEsH
Barson [17] 4¢19] &S GFAGHe} A3
2w Apo]of theFstA| fA|eh, o i} 519 HdEe
el vls) o @A YAt B askglch Kim [18]
SlS AR g St FHETH Ao YR
o] SIX = A2 EFAGTH HpAbo| Ut A R E EX
slejw ol RE 7R FEaxsta AR s 2w et S5 2w
ELoll fAsHs F-7F ol AT shaL, 949
7% AR s 2w HAlo] Rk WTE] SRl of
RA7HA] ZF}ste] GAdRT o #
319th. Joo 5 [19]1 A7 38 A4S o83t A4 o=
AL AR A4et AREE= Hd FHFdE 9K
AR s 2w off 389 1 x¥olgl, 5
29 1914 AR s 2w S 359 1 Alofof] R3S

>IE. ox FE.

sk E3E o o] B R § ot kil 7]&s)
At

Kim [18]2 ?+=r919] ey FL7 3] bzt &
qt oot °4—TL°1]*1 B9 AF AR YA A Fm ST
TR A GA A w oo A AL, =AY
A HFm HEHo] 7 ol 2EH = W, o144
A5 AR GA AT FHEAHNM SA YA 2w ofy

590 A 9, EAYNHFM F7H59) L offy
9ol Be BEE Bo|n] o o] GART} o7k ofdfe] 9]
ek B skt Park 5201 X713 H AL ol
o gHel g Aol ARFRUSLRE SR s
WA G X 2w Q3 apo] ukol A A YA 2w of
o 389 1 Afolo] S1x3hul, EAYX AW of 332
1297 b B, EAGA E S8, AA YA Y
Zul ofg) 339) 1 29), AN H20-ER X 2 20
2 Afo] 2k $1919] SMea B ashgt

o] AFNAE YXMENZA NN H4gBAto] Azl
7 ool el visl S2l5HA o AA dekrths A
o, A5aB9 927} ool YART o o] it
L RoE ou] & 4 glom, ol of AT AT
o et AYA HE hafel B 4 QKT AL 9
Ao e A1) AT [18,19.21]0041 iAol dAR
o WA SixaTHe AT ATe QX Ao ANT
% 9h& AoIth. Ko 5 (2212 o] B2 Hopreiyzu

O=1=Ts
B 9179 fejyo] gl Ho

°2 BBt oL, o] A

A gl ot YAWMENTA A BeFEHYF
Aol AZ7F 83 ZFo] (p<0.05)F Efthe A
of W& AeFHYIERY YA FoAol U=
2 AT 5= & Aoltt. 1L o] AolA= Al
02 JAWMENEA A FFEHUFEE D HedE
Aol A7l E3E ZHzb {o gt AT AE EAch(p<0.01).
Nasr [23]& A7]5H B4= ol-&sto] X wMENEA
A et yFas 9 HegE8atoe|d A E AS
ok FA W ENFR A e UFLdREA] A
AL 536+7.6mmo|al oJA)o] 474+99 mm=E 7|&FS
I, G EAN TR oA A EARe] A= FA 210.+
81 mm 183 oJA 201.1 +82mm=E B idle], o] &g}
7R 2 JA WS EA] oA HutEmUFaE 9 F
TUEALO] AT BF ofido] @AdEY o ZA YET
a3 FAWMEA A FuEHUTUR 9 HdBAL
ol A AZZAHr} o] AET FA Ve olf= &
Aiio] 43S weEba JAHCE ASE o] ofzt,
7‘7‘4 AE ARE JHog AST 219 ol S
© 2 AZFETH Mustafa 5[24]2 | EQNS tjAe =
b@ o PR WS ER Y] 2= AR X A F=m of A
CHALA) G 2] 2 F=m) Atolof JX|gtehal HAstglr, 71 59
M QRGN ASFmMol| G2 54% 12l o4 d2 83%
2 7P wol Azt B skl o= d=elS tiAt
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Morphometric Analysis of Distances between Sacral Hiatus and
Conus Medullaris Using Magnetic Resonance Image in Korean Adult

Tai Soo Park', Byeong-Wook Hwang?, Sang-Joon Park?, Sun-Yong Baek', Sik Yoon'

]Departmenl of Anatomy, College of Medicine, Pusan National University
*Busan Wooridul Spine Hospital

Abstract : The purpose of this study was to provide basic biometric data on Korean adults through magnetic
resonance imaging (MRI)-based measurements of the distances between the apex of sacral hiatus (SH) and
the termination of dural sac (DS), and between SH and conus medullaris (CM) because they are critical to the
performance of epidural neuroplasty.

A total of 200 patients (88 males and 112 females) with back pain, who had no spine fracture, significant spinal
deformity, and spondyloisthesis were selected for this study. The subjects were of mean age 54.3 (20~84) years
and mean height 161.3 cm (135~187). T2-weighted MRI images were used for correlation analysis to evaluate
the relationships between the distances, and variables such as sex and height.

In all patients, the mean distance between SH and DS was 62.8 £9.4 mm and the mean distance between SH
and CM was 232.2 £21.8 mm. The minimum distance and the maximum distance between SH and DS were 34.8
mm and 93.9 mm respectively, and the minimum distance and the maximum distance between SH and CM were
155.0 mm and 284.0 mm respectively.

In female patients, both the distances between the SH and DS, and between SH and CM were shorter when
compared to those of the male patients (p<0.05). Both the distances between SH and DS and between SH
and CM showed a significant correlation with height(p<0.01). The results of this study will provide a useful
biometric data on the distances between SH and DS and between SH and CM in Korean in ensuring clinical

safety and in the development of more effective catheterization techniques for epidural neuroplasty in Korean.
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