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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 38 190
Total 88 112 200 100
<39 25 17 42 210
40~49 16 20 36 18.0
Age group(years) 50~59 17 20 37 18.5
£¢ SIotupty 60~69 17 23 40 200
>70 13 32 45 22.5

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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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.
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22 18%, 181 170 cm o4 IZN AL 11.5%7F 94X
st om, AR G X HSmwol 149 cm ©]8t IFNA=
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13%, 183 170 cm )4 1804 4.5%= Jebgch(Fig.
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6).
PR ENFA A FEFHUFLR ALo] Al &
Aol Ao 647+88mm, AL 61.3+9.6mmo|YL, F
o 628194 mmEA o] FAARY A7t A YEt
STk (t-test, p<0.05). YR WSEX| oA LB
AYE 949 AL 24454160 mm I oA o] AL
22254210 mmo| 1L, B 2322421 8 mmEA] o] Aol
HAET AZ7F BA YEFGT (t-test, p<0.05, Table 2,
Fig. 7).

AL thAFAFS] AL 161.3+£9.6cmO| YL, 32| WEAY
TR A et UFLR Abo] HA A= 348 mmE,
olo] #Fst= A= A1 149 cm o]3} 1ol &390
I, G EAH Ao A et U FTE 7He 2o A2
£ 93.9mm=, 0]9] Fs= PARE AR 160~169 cm
IFol &3HSAth(Table 3). YA WS EFA A HFdE

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.
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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 62.7+84 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 38 644+84 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 2199+8.7 2250+193 2245+182 183.5 264.0
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
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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.

Ato] H4 AL 1550 mmE, 1 hARE A 149 cm
o|ate] g0l &3, AWM EA TR oA HpUE TH
A AL 2840 mmEA, 1 HYARE= A& 170 cm 9]
A 35 &34t (Table 3).

FA WS EA | A FBurFEHYFEE Afo]o] Ao
w2 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 oJ40] 61.3+11.1 mm=EA oJAo] T4
Hoh A7t &A vebgth B3 JAW S A A H
TUE Aol ol wE A% IFE A vaofA
L A& 160~169 cm ZLEo| A FAlo] 243.8+13.7 mm

a8]3 oJAlo] 2350+17.9 mm=EA ojAo] YA KT 7
27} BA derAR, A% 150~159 cm 2804 gAS
219.9+8.7mm 24 o349 2250+193 mm=Ett A Y
E}5tTh(Table 3). YA WS FA| A FepEmyFSEE
Aol 9] A% TFo WE AE A BlaoA= FA T o
A BE AR mE o3 Apo]HE HolA] GEekA|RE,
FA M EAF R oA HpUE Abo] o] ARTF| WE A
AT vlaoAe 8T o BF A IE {2
3t z}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& mat
A Z¥zy oIt A A E B ATt (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 X MEHEA | AuprriyFas o
5B Aolo] A2l JAWMENTA 2| $)9} o)
BAE HolA| Y3kTh(Table 4).

n #H

SeEFe AR Arlsh HEe] YA Aoz o
3t 2o ot Qzke YRY AR IS F
ok oF 80%7} ST EFE Ao, AT HEEL 15~40%
2 el oloh13,14]. 355 7MY 2% 29l
FApoleuke] Egd wist] o3 LA A Qe A
frele) st AT gn £ AU} ohd Relz 5
Zuo] A5 Aupolut H5AZ RS dubstel 4L
Fshe AR AFAfol i EFolch 2 ARl

o o 2l -3
ek 49 771

<+ WA 2 W-o A 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
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o] AelAl= AlAS] &3t B REHA QL |
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E 5 3, H3EH o, 30 Igd
< & 5 Utk HollA] ol o] 8§H 1 e AV
61 7HA L JAMEN T A 7
HdBAto| 9] A g ASEstArt.
Barson [17]2 %19 &S GFAGHe: A3
2w xtoof theFstAl §1AHH, o g1t 5919 HpYUES
FAdel vlal o @A YAgcka 2 uakgich Kim [18]2
TS GO R 3 &< FRSHE AFolA HedE
o] A= G2 GFEATH FHpAbo| ARt A RE B4
a2jw ol R 7t Basta AR s 2wt 4] 2w
A5l A8 A97F gol AT L, 49
25 AR Aol Yxt WTE] SR 5w o
FA7HA] 23tete] FARET o EE §iA]o] EEgitia
aFEiTt. Joo 5 (1912 A715 8 B4 Olﬁo}oq A} 3=t
ol Ao g AT AWl FHy HLUBO| AL
ARy s 2w obef 38| 1 AFolr, EFEATH F7F 3
| 104 AR Ew Sk 322 | Aloof] EXFE B
3pgTt. E3E o go] HARETE B ofgof gloka 7]&st
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Kim [18]2 ?+=r919] ey L7 3] bzt &
}t s F-et4] °4—TL°1]*1 B9 AF AR YA A Fm ST
TRl A G A w oo A AL, =AY
AHFm HEHo 7 wol 2EH e W, o144
A5 AR GA AT FHEHANM SA YA 2w ofy

5900 A 9, EAYNHFM F7H59) @ offy
9ol Be BEE Boln] o o] YART} o7k ofdfe] 9]
ek B nshedtt. Park 5201 A7 3 H AL ol
3 BHel g Aol AuERUSLRE SR s
WA X 22w Q3 apo] gukol A A YA 2w of
o 389 1 Afolo] 1x|skul, EAYXHZM of 332
1297 b B, EAGA HE S22, A YA Y
Zul o} 330) 1 29), AN H 20512 2
22 Afo] 24k B919] SAeta washgt

o] AFAAE YXMENZA NN H4 LB Ato] Azl
7 ool el visl S2l5HA o AA dekrths A
o, A5aBo 927} ool YART o o] it
L RoE ou] & 4 glom, o)k o] AT AT
o et AYA HE hael B 4 QAT AL 9
Ao e A=) AT [18,1921]0041 i o] dAR
o WA SixTHe AT ATe QX Ao ANT
4 9h& Aolth. Ko 5 (2212 o] B2 Hopreiyzsu

o T
B 9179 fejyo] gl o

02 HIEIGOL:, o] Ao

A Aol ket JRMENTA A Aty Fuy
Aol Ael7 G-2I3t 2ol (p<0.05)8 HYTH: 22, 4
of WE FoEuyFEel g5 Fo4el g Ao
2 4% 4 9 Aolth 2l o] ATeIHE A

e YAWMSAEA A FHFHYSERE 2 He-dE
Ato] Al TR 47 {3 ABBAE EHTH(p<0.0D).
Nasr [23]= A7] 38 9= °1-83td JAWFAEA
R TR EEE NR O E S ELE
o GHWMEYRA NN AoFHUF LA A
AL 536+7.6mmo|l o40] 474+99 mmE 7|&5}HS
AL, YA W EAEA oA HQEAL] A= E4 210+
81 mm 12|31 oJA 201.1£82mm=ZE HIi13}o], o] &9}
SRR A MENZA N AU UFeR @ F
Sd®ato] Ag] BE of4o] YARTH H Z7 vehyth
TEn SR MBI AYFRHYFLE L BB
olo] Ae] AT} o] ATRTE HA Yehd ol =
Fude] AEBE weh] THOE AZF Ro| opet,
7L7L_,] AZ 2AE Ao R A3 A7 Aol &

o2 AYZtErt Mustafa 52412 O|HEIS thFe =
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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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