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Measurement of the Oblique Diameter of the Lumbar Spinal Canal
in Korean Army-aged Group by Echographic Method

Seong Kyu Park, M.D., Jae Ik Shim, M.D. and In Whan Chung, M.D.
Department of Orthopedic Surgery, Veterans Hospital, Seoul, Korea

The size and configuration of the lumbar spinal canal constitute one of the important factors in the production
of symptoms referable to cauda equina and nerve roots of the lumbar spine and the narrowness of the spinal canal.

Numerous attempts have been made to measure the size of the lumbar spinal canal, but most of those are not
sufficient to measure the oblique diameter of the lumbar spinal canal.

Also, echographic diagnosis is much simple, safe, less expensive and non-invasive and furthermore
demonstrates much more accuracy than other alternative and radiographic procedures.

The purpose of this study is to establish the range of normal values of the oblique diameter of the lumbar spinal
canal in Korean Army-aged group by echographic method in the interest of facilitating clinical evaluation of the
lumbar spinal canal stenosis.

The author measured oblique diamenter of the lumbar spinal canal in thirty healthy persons of both sexes of ages
between nineteen and twenty-five years by ultrasound using sonolayergraphy model SSL-21A.

Distance from the ligamentum flavum to the posterior longitudinal ligament was measured in millimeters with
dial vernier caliper.

Actual distance of oblique diameter of the lumbar spinal canal is obtained by multiplication of |the distance of
echogram by calibration factor 2.22.

The results were as follows;

1. The mean values of the oblique diameter of the lumbar spinal canal in male and female between nineteen
and twenty-five years of age were 14.77+0.85mm and 14.87+0.82mm in L1, 13.99+0.87mm and
14.13 £ 0.96mm in L2, 13.40+0.69mm and 13.71+0.75mm in L3, 12.88 +0.69mm and 12.93 + 0.68mm in
L4, 14.58 £ 0.79mm and 14.42 + 0.84mm in L5 respectively.

2. The oblique diameter of the lumbar spinal canal was the widest at the first lumbar vertebra, the next at the
fifth lumbar vertebra and the narrowest at the fourth lumbar vertebra.

3. There was no difference of diameter of the lumbar spinal canal between both sexes.

Key Words : Lumbar canal, Measurement, Echographic method.
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2557 20,000CPS ©]4e} 71A1H gfn2 4 o] &3
= 7S vlEle EAWol A Arl AT kabe
49 E4o] dAe w4y FHdE WA HE &
o] slek. A AW HIYEFEE 1,540m/sec o]
4 A 35 4 (acoustic impedence)S F2 vl H 9 WUk
o=y 2599 wate F2 F o4 7e] YEoe)
o #550 Yrielst G5 E WAl B x &
gto] APuparat of ) Ao 22t 90°e 7trE
F%5 =3 AFH7t EEFF Aol Fo

19443 Lynn 3 Putnam?®Ve] &2 8 &9 E ¥ 9
Wo) 38343 1947 Dussik®+= ultrasonic scan-
nerg& Ry sgdov 19503 ZEule]E  Edler*'9z})
echocardiography & A A3 2o Donald”+ M &2 g
A & scan{contact compound scan)-& 7R*#3led AH-2l
3 o] F&sted AT 8 st WA
2&de o, A%, 3, R AR5 o8 Ar)Adg
A A3 e A9 Aol de o] 45
2 e HYPon Ao F2 BHGY )
Fob dFxAed Y3 GdFF L FAF 59 Ao
dAHLe 2 gol o] 5 glr}ielneze,

3|2 Porter 572 A-mode®] Z&IUEE o] g3l
233 WA A HAAE Sl LEF v gk

Yot dhe oy 28} 23 T A4
TAE FH37] A% B2 Wy Ee] slen o F de
Adr—A HPL AN UL 3T 29 /3]
47171 43 F7E D289 7 e AR HGsHA A
Fgo 273 E el 5 ey AAAH LR msbeln
71A 7 AR o] U FAAT o] Fo] et ¢
o] stk 2ejvt 2&FE wEH ALge] AHEHT AA
Heogx AHPstn WA ki A A¥EE FA @
20 AYAe] F& A8 olHe] LA E EFdtT F
Holl & FHE G2 #G7| & o]43ld A3 WA A

Fig. 1. Sonolayergraphy model SSL-21A.

A28 2P BFYRDE dod? dAAA 2eHE
o] &-8te] My WA ANAE AU R E WA
F

olo] A AEE Bmode?) &g o]83 2F L
A AYsA G AR 19444 254 Apele A
Her)e) o 30, 2L A% 4309 d9d2
Adste] 7 23R Hol e HE3F AL Hol& &
At 7ol dxAeE ALY A e vio
o}

I, AFcHed U

1, HFChY

HEAYY 7YYo gl 25§ AYsA 42 A7
& 19404 25 M Aol 9] =l F 2 3084 & 9
o2 ddsigon, 24uye] HASE &7) st
279 A 0y 4 A AN E o] &3

727172 Toshibal A E<l sonolayergraphy
model SSL-21A 38} 27 12mm, 2 Mhz 9] transducer &
~}-4-8 4 o} (Fig. 1),

w3 gulo A5 E 47) ¢35l profile projection &
2 39 FdLT oA vl HY=F 54 Fig 29
Z¢& 43y phantom & of gt o] 2533 WA
Aol A Zoe LAE 2oz Fo7] H38ted 0.05
mm7z &Ae] 7 ¥ Fig. 33 22 Mitutoyosa Al ¥

Fig. 2. Cylinder-shaped phantom.
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dial vernier caliper & &34t}

2. 53 9

HRAAE B2 Fiu AFAY HITEE gl
A8 E5o e WAE dHon AxAdEe FNE

$ol7] Hetd 2HENE Zejnf2 =¥ 2Mhz
9] transducer& 83 FAEV|Y FALANA &z

Fig. 3. Dial vernier caliper manifactured by Mituto-
yosa Co.

Fig. 4-2. Diagrammatical representation of inclin-
ning at 15° to the sagittal plane.
A : Ligamentum flavum.
B : Posterior longitudinal ligament.
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lem Bo]x 249 o (sagital plane)o] 15° Zts 2 7 A2
Aoy ZIAE ZAAA FaA A18 3o HE A58 2
¥R A A5z FUYL R o] F A7) 1 echo g
39 & 2scale factor 24 7 1}shed o} (Fig. 4-1, 4-2).
EF A E FAH Eol 22159 @A 232
o] nlE2x YEEsn =¥ 839 AxH Q& T
& AAsZ st gl LBFE FF3] XA
¥ AAas) oldsix Wy e s A Abshy chFig. 4-3).

Fig. 4-1. Measurement of the lumbar spinal canal
with 15° inclinning to the sagittal plane in healthy adult
male.

2 : i\
Fig. 4-3. Measurement of the lumbar spinal canal
with 15° inclinning to the sagittal plane in cadaver.
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Fig. 5¢l ] B.i= nlelzte) H4ql) (ligamentum fla-
vum) 2 FA|" Co Wi ¥ F7h4 3} F4} %<l ol (posterior
longitudinal ligament)2 A% Eo W F74H& o
2§ Al (arrow point) & Aty 2&uw9 Abal
#F AA=zz e ddA=E @798t phantom & A}4
gl 233 A 2.22007F 24ES & F AU

ozt Al Asg e 15° e A Abell 49 833 W ALA
9 AAAel(L)e Atd Aol el 2 gatxe] o)
Mol 2.2290 & Fated 42t

L=1x222
L: Actual length
1: Length measured on the echography

A : Skin and subcutaneous tissue, B : Muscle layer, C : Ligamen-
tum flavum, D : Spinal canal, E : Posterior longitudnal ligament

Fig. 5. B-mode display showing echograph reflect-
ed from ligamentum flavum to posterior longitudinal
ligament in five lumbar vertebrae.
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Fig. 6. Oblique diameter of the lumbar spinal canal

of cadaver by echograph.
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1. AtHlel 2F ALY 53X

1) 28Ttz ol|lM UEE 2} BolMel FD AL
Ao kAl FH HAE L 14.9m, AH2233
WAE L 14, 1om, A3 833 WAALS 13.3mm, A48
% A 12.9m, AS58FT WAL 14 2mEH
Al8FF WA Ho] 713 Wz #5837 2492
AM2,3 % 4832 A& FolxdHFig. 6, Table 1).

2) At RFY WAlZel AN AXMHTA A1
F A AL 15.0mm, 223 WAL 14.1mm, A3
253 WAH L 13.5m, 4823 YAAL 13, 0,
A58 WAHL 14, 2mZ A A1-EF WAt o] 7}
F YT A5 27t 29god AL R 482 2
% FobavH(Table 1).

3 U4 2F dAZe ESmcatel AXxe A
H &HFxiete| M : Table 194 R& ups} o] AA
BFF HAA FHAY 20549 3HAud 4]

FE0.1mm, A3 83+ 0.2mm, A483E 0.1

Table 1. Oblique diameter of the lumbar spinal canal
of the cadavers.

Diameter measured Actual diameter

by echograph (mm) {(mm)
Locati
ocation Cadaver M : Cadaver M
"*—‘1 P ean 1 2 ean
L1 15.1 14.7 149 15.3 14.7 15.0
L2 143 139 14.1 142 14.0 141
L3 135 13.1 133 13.8 132 135
L4 13.0 128 129 13.3 12.7 13.0
L5 144 140 14.2 143 141 14.2
1 —eh
15 4
u +
13 T
Di-:n?‘::rn:n LooL L, L Ll‘
Level of

vertebra

Fig. 7. Oblique diameter of the lumbar spinal canal
in male and female between 19 and 25 years of age.
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Case 1. Kim male 25 years old (unit: mm)

Case 3. Kim female 22 years old (unit: mmf

" Diameter in echography  Actual diameter

Diameter in echography Actual diameter

L1 6.7 14.87 L1 6.5 14.43
L2 6.3 . 14.00 L2 6.7 14.87
L3 6.1 13.54 L3 6.4 14.21
14 5.7 12.65 14 6.0 13.32
L5 6.5 14.43 L5 6.0 13.32
*1x222-=1

Case 2. Kim (unit: mm)

male 24 years old

Case 4. Bae

female 22 years old (unit: mm)

Diameter in echography  Actual diameter

L1 6.5 14.43
L2 6.2 13.76
L3 6.0 13.32
L4 5.6 12.43
L5 6.3 13.99

mm o @i A2 L A583FE FAY $35 e}
Wslon 339 A2 A 28954 et a2
T WAA AL AAZH A} Ho] 7} gloks AE 29y
T AUl

diameter in echography Actual diameter

L1 6.6 14.65
L2 6.4 14.21
L3 58 12.88
L4 5.5 12.21
L5 6.7 14.87

2. 19401A 254 Atole| e RolAel Hajelel 2t
2EB WA

D H12FH WAZ G E FE 14, 77+0.
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Table 2. Oblique diameter of the lumbar spinal canal in male and female between 19 and 25 years of age

Sex Male Female
Level of vertebra Mean + S.D. (mm) *95% C.I. (mm) Mean + S.D. (mm) *95% C.1. (mm)
L1 14.77 +0.85 14.45-15.09 14.87 +0.82 14.56-15.18
L2 13.99+0.87 13.67-14.31 14.134+0.96 13.77-14.49
L3 13.40+0.69 13.14-13.66 13.71+0.75 13.43-13.99
L4 12.88 +0.69 12.62-13.14 12.93+0.68 12.68-13.18
L5 14.58 £0.79 14.29-14.87 14.42 +0.84 14.11-14.73
S.D.

* 95% confidence interval = Mean + 2.045 x
(C.1)

85mm 24 14.45mmej A 15.09mm A}ele| 95% 9] ¥
E5E Jehyodr AN E FT 14.8810.82mm
24 14.56mmel A 15.18mm Alolel] 95% 2] ¥-EX &
el sl o} (P 0. 05) (Table 2).

2) M2RFEY WAL : G- FHd 13.99%0.
87mm 24 13.67mmell A 14.31mm Ale]o] 95% 2] &
22 & Uiz e E Hd 14.13+0.96mm=E
M 13.77mme) A 14.49mm Ajo]ol| 95% 8] FEEE 1}
el i e} (P <0. 05) (Table 2).

3) M3gEy WA - dAd = 8T 13.4010.
09mm 24 13.14mm e} 13.66mm Alojell 95% ¢ ¥-E
2 YU A e HF 13.7120. 75mmEH
13.43mm 9} 13.99mm Alolel] 95% ¢ F-EEE el
giet (P€0.05) (Table 2).

4) M4 2F1 HAIH G e 34 12.88%0.
69mm=EM 12.62mm s} 13. 14mm Apo)el) 95% <) R X
XE vedisln gA6 e 3 12.93+0.68mm 2 A
12.68mm ¢} 13.18mm Abolo A 95% 9] ¥ XX & e}
Wadck (PL0.05) (Table 2).

5) M5SFEM ALY : B E FF 14.58%0.
79mm 24 14.29mm s} 14, 87mm Abe)el A 95% 2] B
E22E e MM e 3F 14.4220.84mm &
# 14.11mm ¢} 14.73mm Ale)ol A 95% 9] X EE o}
g i ok (P 0. 05), (Table 2).

3. % 2% 290 gnu

198014 254 Abele] AR TN GFAAME A1 L
27t A% Wz A583 299ed A2, 3% 4
22 £02 Ao AAFUT, AYANHE 183
g Pdx A58 29des A2, 3% 4
233 WAY 222 gasded 7 4227 &

AR FJ49& F2F F Ut (P0.05) (Table 2).

4, MED 2t 24 AT B

Fig. 7 %! Table 204 Bule} e} 21833 W
A4 0.1mm, A2 832 WAH S 0.2mm, A 383
@ WAL 0.3mm, A 4 832 WAHL 0. Imm} o
4ol GABT Zom A5L3B WAFL YA o) A4
Bk 0.1mm o Hovk guzte FAA FAge B
2L 4 AATHEH.05).

v, 4 s

ol AL EAAINE FHsH ohEFH Ao, 2F
o} AMA A Feol]l 2EHEF o] &3t AFZY A9} AA
Zolo 24A4E 849 A133T WAALE A7 14
9mm, 15.0mmeli A2 833F PAAHE 14. 1mm,
14.1mme)jgj e A 323F WAL 13.3mm, 13.
5mm, A 4 £33 WAL 12.9mm, 13.0mm, 58
F3 WAE R 14.2mm, 14.2mm B A FF Zo| 9 o]
7t HE dew o] FAAY AHRRA 2 FIHEAbe
vebd 23 % YAAY A¥EE F9Y 5 AR 2
SHEE ol 4% FHo] AAAe)d} 237 e AE ¢
4 NSk

19M A 25 7AA e 8 5& AYsa g UG §
Fal d9 747 30 dAMS 858 A B
e All83Fe 94 zt7 14,770, 85mm, 14, 87+0.
82mmellx A 2 8%+ 13.99£0. 87mm, 14.13+0. 96
mm, A 3 23 13.40+0.69mm, 13.71+0.75mm, A 4
£4 12.881+0.69mm, 12.93+0.98mm, A 5 8 Fej A&
14.58+0.79mm, 14.42%0.84mmejgl 2] A1 833
WAtAde) gy FTelA 7t ddx A5833 WA
Aol 2914 A2, 3 X 48FF UM o2 I
TE ArdEe 24E 244

=g izte zele A585F AMYslae Azt
ARG ot Yhow FAAL FA4L At

25 AF WAL AA A18FoAMFH A2,
33 48%2 W9 A+F FaEY A42F44 7
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AR A5 25 E A 2mmAE A A,

w3 F3F A% 2 o) (interpedicular distance) &
F39 HF- WAL AN18FYH A 5835 25
At FolAlH?,

oleld AE-&H TRUF 44 L5:FL HUY
Ae A Y g o)At M 58F2 A5E A4 Y (tri-
poid) & o] A Hr} 53] ¥ 832 P2 o2
(lateral recess) 52 oA 3 FolA A "}z, g
T HEAZL 25BY Ao FolAE Hoe2Hd 1 d
A& o727 A 2% F4 Yol AzsE
AL &3] Ay ANAY G4, HFFY v F, 27
29 v F, d&gae Wy, Mo ulF, ¥ B
A gl FAE7Y wFFe] YopFeaes, gapa 3
T HAZ ADE JAFA o) HE P Holg &
ol 2% AAE AR &A Hrt
FH Aol Ao Re FR A4 2
o &3 orldle dE JA-A Vo, H2
7 Ezde 4 FFH 23899 o] Uk

auy B¢ SHWSFYE da—Ad 2t E 209,
PE7l 9% FYRHE) SAEZ] AR B 9o
AEUNAE 2437 dEv dpzdoez A% Y3
%9 Atele veldx gorva o 2o S}

HFR 2E2 AP AL otbedl T2 Whiolr)
€ AR 8520 oln| Yats o gy AfeE Fab
wtEg A277 Wl Y52 ATl 2AE ] gle) 4
vhEo] ob Al <iejs) lum =8 10 = 30mle 2o A7)
423ty #AE YA A 18372 ZoAE A9
of Mublal ofate] HAo] rloste] FyZo] wAY

8
A

AeI7 W YAF AR A 35 of hehdepeiting,

FFH 9F 2L H3AH 3Ry YA
o JAH F2E vetd  glenz 3P Fupy
v &ge, HENRT] HIE U 2HY 5 4
S} 7zt F4 ¥ A (segment) 2 ¥ <47 Y34
S7Ag BARE AFAe] o) ¥3sle] ou] 3
d o Aa—A ANE Bejof sty FUFAANME win-
dow level 7} %l o] (width)oll wje} H3Fel s WA
o 377 A Aol g Yeloz A74E HAE o
e AGT S0 Wasty AAHLE Trlolmz A
27k /P2 5§35 8mm £+ 13mm A2 Azng
F5u 37 HFG AF 2 e g A H5 P
Haol e & el A 4 A9t o,

#H 2ol & A A7} AL44F B-mode st o}d  A-mode 9
Z25HEE o] 4 25 WA 23 o] Porter' Ve
g Eagdut ot Ae 4 gy % 24497
£ Hqaele A a2,

255 AP 24575 e AL kel

A fYe] fo] tAsn AAHE HE} zodge)}
FFH S BIdYRo sl 53 53 Fdo] 15°
ool FolNug &332 74y #(oblique nar-
rowing) & £ol&A ARGE & gle o o] Fe] glrh,

833 WAEE H49 g (ligamentum flavum) o) 4
#4}Fo 4l (posterior longitudinal ligament) A} o] ¢] 73 =}
(dura) 9] Wi A} 7 (oblique diameter)& “}ebfich, o)7&
d¥zdoz YA H54E 2 H g (dura sack)
9] #}74 (oblique diameter) > 24 =hef HF:Fuppad
(posterior articular facet)®] W3 =& A7 F(neural
arch)¢] W37} glod ojxpx ez A7} (dura space)
o Y e A4 YU AN FE o)Ho] gl
}.
duby e 2gue I3 dXF2AL FHYYE &
el 9} 70%7F 24 olel§ AW (interface)e] ¥
olddd = AL 100% AA-HEE 2Ldral we)
W Alel & E 37 3 E.

a}2t A Porter 522 & 15°2t522 AAA A 2898 o)
432l 92 g o 2mmAEY 3T L Evs
€7t 2v F4AAE THsle] A 29
F bz &3 A-mode o amplitude 23 $=3Fe A
v (anterior surface of the lamina) 3 &3 Fwuidd
(posterior surface of the vertebra body)A}e] 2 A&l =
343893 BmodeZ& w2 2 Fa9 29urs w3
e Atg-stedel,. HAEL B-mode & o] &35 A4t
B 1572 HAAA Yo, oA
A& & Porter 53t cha A fEHP 017} F24 vp
S} o] HAAhs} FupFald Alolg] A 24 sq
o}
2y, AAHeEZE HF3F) Wl H3AFyy
< FYldist FubFAg Alolote] Aels}t A g
28 %Fe] 242 HAo)s} iz L), Ao}
22 Porter 2& A7 dhabell QdelA 1541604 184
Abel o] ZH- 10043 15 509 Tl

AAEE A%z AAH dlA 85 & AgsA
U2 194 A 25 A Akel o) ) ] zHzt 30 o 4
8533 WAAAE Ao

19411 4 25 A1 Aol o] A Fog F¢ ¢ AL A
B2 A9 SAE T8 9% Aol

Porter 5%« 9}3slwl 989 ZF4o] gl 154 4
18M Abol 9] 10098 X YHH-9}, 2L A 509
ZEel A 233 7 B A AFAE A 183
7t @y 2tz} 16.6mm, 16.9mm, A 2 8 3= 16.2mm,
16.6mm, A 3 &3+ 15.6mm, 16.3mm, A 4§ £33+ 15
*4mm, 16.0mm, A58%F & 15 7om, 16.2omEH #1835
ol 74 WAL A28 5] 2914 A48 2H0] 7}
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4 Eohvin 9 £ A EarEc o Yo
3 Bansidc,

A atell A& 19 Mol A 25 4] AFol o) @y zhz}h 30 el A
o] 83 7+ 299 A HEAEe A1 25T Iy
zt7t 14.770.85mm, 14.8710.82mm, Al 2 &3+ 13.
99+0.87mm, 14.13%0.96mm, A 3 83+ 13.40%0. 96
mm, 13.71%0.75mm, Al 4 8 &+ 12. 88+0. 69mm, 12.
9310.98mm, Al 5 83+ 14.58+0. 79mm, 14. 410. 842
mmzg A 18330 71 Yoz M5838e] 29
don A2, 3 R 48FPoR AFF FoH A48
Z e} 74 Fotow oA FAET 7 o WA
o}
ﬂ%ﬂﬂﬂﬁﬂé?m@%mﬂ€ﬂ144ﬁ¢%
WAtA A 7F o 2mmu A 2.5mm v FHgoen oA
FFAH dFq Aele] AAY zelst Q7] d &l
Az xicl,

g 7t 833 HedelM e AN G Al 1 8Fe)
A% Qm AN485F7e) FMA FL AL gFAH A=
Qd REA FAY B2 o} FFAANME A5
8% o] FHAZ Yoo vlale FFdeMe A28
Fto] R2HAZ YA Jehg ey o] Aele A58
Z3he] mefe] Abed ¥ (tripoid) =& o] EW ALY ol
watd 8 3% WAAA7 ch2A Jehve A2 4zt
s =g U3 RAY Z457t U7 A o @A
<€ F o 34",

v, g e

AAe 2HEE o4t A3 72Yo] §f
3RS USR] 42 1944 264 Atels] 4G
o 2y 47 309e 4R 85 HARE A
&t b3 AL ARE Uk

1. 1941e14 254 Atele) AT 238 WA}
Ao JEAe A Hde A 123 14.7710. 85mm, A
2 8% 13.99%0.87mm, A 3 &3 13.401+0.69mm, A
483 12.88+0.69mm, Al 5 &3 14.58 +0. 79mmo] %}
T ogatel A A1 84 14.87140.82mm, A 2 83 14,
13£0,96mm, A 3 8% 13.71£075mm, A 4 &5 12.93
+0.68mm, M5 8.3 14.4210. 84mm ]t}

2. 7 8359¢ GE 83 WAAAE EA %
Azt A FAdsA A1 8FHRe] HF HHE A58F
o] 24492 A2, 3 ¢ 48F% £22 FFEF
ohdom A 423l 7t Fokh

3. dAs) Ax2te] Ao e &3 WAAAE
W zelz} et

4, 2% APGHL 2e] A1 AW A}

wad A stAoz Ay 23 HAAAE FH
T+ 9lE AYE ¥ 58 Wgeloh
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