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Incidence Rate of Lumbosacral Transitional Vertebrae and
Measurement of their Cross-sectional Areas of Vertebral Canal
and Dural Sac Using Magnetic Resonance Imaging
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Abstract : Human lumbar spines usually consist of five vertebrae; however, some individuals have vertebral
anomalies with four or six lumbar vertebrae because of the lumbarized first sacral vertebra (lumbarization) or the
sacralized fifth lumbar vertebra (sacralization), respectively. These vertebral anomalies are called lumbosacral
transitional vertebrae (LSTV). This study was performed to determine the prevalence of LSTV and to measure their
cross-sectional areas of vertebral canal and dural sac in Koreans using magnetic resonance imaging. We evaluated
9709 patients, comprising of 5570 male and 4139 female subjects. The prevalence of LSTV in our study population
was 3.77%, with a higher incidence of lumbarization than sacralization (p <0.05). The prevalence of lumbarization
was 2.27%, with a higher rate in men (60.2%), while the incidence of sacralization was 1.50%, with a higher rate in
women (62.7%). Differences between the groups were compared separately for the L4~L5 level which represents
the level of lumbarization, and the L5~S1 level which represents the level of sacralization. When the vertebral canal
cross-sectional areas (VCCSA) were compared between the normal and LSTV groups, the size of the vertebral canal
was found to be smaller in the lumbarization group than in the normal group at the L4~L5 level (p<0.001), while
there was no significant difference in VCCSA between the normal and LSTV groups at the L5~S1 level. However,
when the dural sac cross-sectional areas were compared between the normal and LSTV groups, the size of the dural
sac was larger in the LSTV group than in the normal group at the L5~S1 level (p<0.001). These results could be
clinically used as one of the parameters for evaluating lumbar vertebral canal stenosis with LSTV in Koreans.

Keywords : Lumbosacral transitional vertebrae, Lumbarization, Sacralization, Vertebral canal, Magnetic resonance
imaging
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3|2 J X FQ o] & 3 (lumbosacral transitional verte-
bra)= TR ] 2 # 9] XM %] 7] (sacralization) = A
Ao x| o] 32w =7 (lumbarization) HEP 02 T
L AR HE 7199 3 /2 Autk 9179 4~30%9]
Al BEET[1-5]. o] gt o]y A= FEE A 2E 4
Ao RS 2T 5 o=, 75]—;———] T3 25
QolA olFHFE= FaT AFH ulE Z=th6]. E3L,
oA Z7} ’5131%0 S ke 9ol daiA= 0431 il
4 20 OlaIe] Yok, B BREA et
2 wngo) Ueh(17). SAEES) W AAL hegaiy
w, 3j20) 72 Wols} elo] B 4 i B Ao
2 Z9H4 )% (spondylolisthesis), 2FHAEAF I
syndrome), %3423 (herniated intervertebral disc),
2325 (spinal stenosis) 0] St} o] FollA 32|
A9 AFRUASE A2 UL F A Hop Aol
IT7HAA HSFUut, A E7] (articular process), 21|
(hgamentum flavum) 59] B34 W3} £= 52w wr}
A (bony spur) B0) w2t 7] B2k B9 Wl e
NZRE7E AL ok A7) Agolchs o], olet 2ol
A 7120 B0l AT 25 o 5l i)
F2T 9UL 5], 24 FolE A=) gt BuELee
A5k2 Hol shite) Agle] F 4 SITHI0.11], 4712
GARL 2G5 A o) B 2 F (soft tissue) 2] HRE7} F o]
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2. X788 Y ZEE

MUt

2715 94 (Magnetic Resonance Imaging, MRI,
Achieva 1.5T; Philips, Eindhoven, Netherlands; Explorer
1.5T; General Electric Health Care, Waukesha, WI, USA)
oA Aure TAT A= BHET A4, H4A7, 28
T s AAE HER ekt H3w g st
A F2EY ?‘%"] E33%t 5 R AW F (turbo spin echo)
TIZZ2YE71HE ARty 7t29 944 d3idh a8

HFaole FAE ZJr2 WAy H=Yulo] o] B
33t gEAH T T2 R A HE AMEsle] AJAME o
[e]

AFS A1t Philips MRIS] 712 W T172FA2 TR 630
msec, TE 7.5 msec, A|AH T273FZHAHS TR 3670 msec,
TE 120 msecZ 3}$11L, General Electric Health Care MRI
9] 7129 TI17FZ2 A4S TR 500 msec, TE 8.3 msec, A&}
H T27}Z2FA2 TR 2880 msec, TE 117 msec2 3}H o,
AGAro] AH L7 (slice thickness)= & AH| % 4 mmZE
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Qe 5 =T Yk Ql 52 RejEnt ofle Bt 5 7
o A71eB e F7tE 95T 50 5 79 9
T 37 £ 4T 9% WA= MRI spine coilof] F2F
H 9A 1L 71| FAAE o]-&sto] H37-F (vertebral
body)9] 7H5=E Alo] s2ME]7]e} Y2 WE7]9] oY
1 Q‘?lO]'dE]'(Flg ). A5 FeeEmy o) 7tz ¥
A H3UutgEFo] wol Wsks 32X & Al X
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oM~ AR G M (L5~S1) Abo] HFARE & 1 &0
2 g F 29| HF ARt A, o] FH S Holl= o]
YHF7} S 3R vlZ ol o] HI w2 11 9
HOZ QAT F XY AN 7I2H 4= 2
Th(Fig. 2). HA Q] A5 E4 49 g 2 SA439] +

A BAo| 7hs3tal FEmet @ ol wil A o8
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Fig. 1. (A) Cervicothoracic localizer scan demonstrating the surface marker (arrow) to be at the T12 vertebral body. (B-D) Thoracolumbar
localizer scan again demonstrates the marker (arrows), which is at the T12 vertebral level. Counting the vertebral levels in a cranial-to-caudal
manner under the assumption that there are 12 thoracic type vertebrae reveals this patient has a fifth lumbar-type vertebrae (B, normal). This
patient has sixth lumbar-type vertebrae (C, lumbarization). This patient has fourth lumbar-type vertebrae (D, sacralization).

Fig. 2. Schematic illustration of the measurement methods used in this study. (A) The cross-sectional areas of the vertebral canal and dural
sac were measured on a transverse image of three lumbosacral regions where herniated intervertebral disc often occurs. In normal patients,
the images were obtained from two levels above the intervertebral disc between L5 and S1; in patients with transitional vertebrae, the images
were obtained from two levels above the disc under the deformed vertebral segment. The cross-sectional areas of the vertebral canal and dural
sac were measured on transverse plane images nearest to the center of intervertebral disc in sagittal plane (red lines: transverse plane image
reference lines). (B) The measurement of the vertebral canal cross-sectional area encompassing the inner area of the vertebral canal without
ligamentum flavum, as shown by an inverted triangular dotted line on the image. The lateral border is the apex of facet joint, and the anterior
border is the posterior longitudinal ligament or intervertebral disc. (C) The measurement of the dural sac cross-sectional area encompassing the
area of the spinal dura mater, as shown by an oval dotted line on the image. LLB: left lateral border, RLB: right lateral border, SP: spinous pro-
cess, ID: intervertebral disc, PLL: posterior longitudinal ligament, AFJ: apex of facet joint, L: lamina, LF: ligamentum flavum. A color version
of this figure is available in the online journal.
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%l PACS (picture archiving communication system, G2,
INFINITT Healthcare, Seoul, Korea)& ARE-SFTH14]. &
T 7R WAL A GAlA HEURE Al S gl
g thy AUt F42 7P 7HA Ak 7HEE 94
= ol8st ASsHGth(Fig. 3A). 85 7I=H F4olA
FE AT WL (apex of facet joint)2] XA 7HAIE
719} B A 10 o] AE LEXR W AR FA= s
3, &2 HAIZ 21 (posterior longitudinal ligament) 3
AUk AA R, F22 18] (lamina) S AAR L
o, AR A3 5o EF24E w2k PACS AollA free
line ROI calculatorg ©]-83t% A3} th(Fig. 3B). E3t,
Auey sbed wae 42w Yo 4o l2ue o
g} A&35t9 2, PACS A4 oval ROI calculatorS o]-&
sto] AlSsk4ich(Fig. 30).

ATAY AZ 255 Fol7] YA T We) AT
A 247 A An Azt B ol &L, W

analysis)®] WA A 4 (intraclass correlation coeffi-
cient)S 0|43t AFE B4 Atk 1 A7 gz
2o A% 7t2E AR ASLE ABAA okfBo
2 27 99.1%, 99.1%, 982% 2 L2591, AFEHY

7t2d " A== 27 99.5%, 99.6%, 99.4%2 U
A5t s P M E 7| Fo A HF 7tEH WA AS
e 247 98.2%, 99.5%, 99.0% % AAFH AL, AUt
Y 7t2A A8 ASHE 42 99.1%, 99.7%, 99.7% =
dAst Gt B3 GAME 7| LA HEH 7tEHE WA
o] AZkS Z+z} 98.3%, 98.3%, 96.0%E DAL, A
gEmY 7FEH WA AESZE 954%, 99.7%, 99.8%
2 Z47F Xt BE ASHE SARLE F5i5th
(p<0.001). A& A7 £45 &l olFH S T 44
H 2= WAEA Q) 7holAlF 77 (chi-square test), A H ol
et Ao EAL 77 (t-test), 12| 3L HETT} o] P
FALo] o] HAEAL YU 2] EAHEA] (one way analysis
of variance, ANOVA)S.2 T &o| Z} A&7t AHAL
go]& AMA|4~ EA] (Pearson’s correlation coefficient)
2 NP3} H T} FAEA o= SPSS (Statistical Package for
the Social Sciences, version 22, IBM, Armonk, NY, USA)
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Fig. 3. (A) To measure the cross-sectional areas of the vertebral canal and dural sac, transverse plane images were obtained at three lumbo-
sacral intervertebral disc levels in the sagittal image (white lines: transverse plane image reference lines). (B) Axial MR image of the lumbar
spine. The vertebral canal cross-sectional area was measured using the free-line region of interest calculator within the Infinitt PACS system
in axial MR images, as shown by the red line in the image. (C) Axial MR image of the lumbar spine. The dural sac of the vertebral canal was
measured using the free-line region of interest calculator within the Infinitt PACS system in axial MR images, as shown by an oval dotted line
in the image. A color version of this figure is available in the online journal.



JX e 7] o] BBEL 1.50% (146F)0|lth. Ado| what
EotH s E7] ¢ @A 1337 (60.2%), %At
£ 887 (39.8%) 22 AAtETE FAtoA WA Hl&o| ¥ =
kL, JAWE 7] 9] B FA= 558 (37.3%), A= 91
H(62.7%) 22 AR Azt A WA Hlgo] ¥ ESith
(p<0.001, Table 1).

2. A L RTo| HEW JH2H B

4 2o A 72 WA A At UR e
W~ TS 2] (LA~LS) AJol2] -$104] 247.83 mm’Q
ojzhert 261.08 mm*Ql Aol WHo] o WA yebgch
(p<0.05). 1831 THAIA 5| 2]~ S 7] Y (L5~S1) ARe]
o] BT 267.62 mm’Ql JRFET} 298.40 mm>Ql HRFol| A
Aol & \A UERE S U (p<0.001), AR 2w~ A3
2 (L3~L4) Aol ol mE {ot Aolg yehA]
SFSTH(Table 2).

Table 1. Analysis of the frequency of lumbosacral transitional
vertebrae according to Gender

Gender Number Total p-value

Lumbarization Male 133 221 0.000%**
Female 88
LSTV*
o Male 55 s
Sacralization Female 91 146  0.000

The data were analyzed by a chi-square test. **¥p<0.001.
*Lumbosacral transitional vertebrae.
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3. S{alisl7|2e| HER 2w v

sle|w e 7| A3 7R WAL AS A, YA S
)W~ TR 5 2] W (L4~L5) Alo] 2] F9ol A 233.56 mm’
ol oJz}HET} 24823 mm’Ql YAt W o] WA uet
SO (p<0.05), THAA 5] 2w~ of AR 5] 2w (L5~L6) At
o]¢] Hojw 27445 mm’¢l RET} 291.78 mm’¢] HA}
oA ®Hol o WA Uehdth(p<0.05). E3F A5A
]~ A Y X w] (L6~S1) Abo]o] B 218.50 mm’3l o
AR 241.40 mm’Ql Aol A WA ol o WA vehdth
(p<0.01). W2bA] W=7 22| A9 AZT BE R
A BF 429 Az ojxfe] vis) gt o W 54
< X FrH(Table 3).

4. BR[HE|7 || HFEE 7t2H HY

JHWE7| 2] HEY Jt2d BHo) AZ A}, A
o) )~ U 3] 2 8 (L3~L4) Abo], YA} 3] 2w~ 3R 2| )
(LA~S1) Abo], 2] 30 VA X)W~ S X ¥ (S1~$2) At
o]o] BE Bo| A Aol W F4T HolS et
9kQFTH(Table 4).

5. A ERO| ZUFHLI 2R B

A4 el AREeiy skzw wae A% v, A
A2 W~ A 5 2 8 (L3~ L) Aol YA 3 2]l ~ ek 31
sle)m (L4~LS) Abo], T3 ThAA sl e~ A 3 A

Table 2. The vertebral canal cross-sectional areas at the intervertebral disc space in the normal group

Gender Mean = SD (mmz) t p-value Total Mean = SD (mrnz)
Male 236.90+43.98
~ +

L3~L4 Female 22620+ 38 65 1.828 0.069 231.55+41.64
Male 261.08+48.76 N

L4~L5 Female 247 83+ 4270 2.045 0.042* 254.451+46.19
Male 298.40+60.72 rn

L5~S1 Female 267 62 +48.46 3.962 0.000% 283.01+56.93

The data were analyzed by t-test. *p<0.05 and ***p<0.001.

Table 3. The vertebral canal cross-sectional areas at the intervertebral disc space in the lumbarization group

Gender Mean+SD (mmz) t p-value Total Mean+SD (mmz)
Male 248.23+43.00 «

L4~L5 Female 233 56 +38 50 2.559 0.011 242.33+41.17
Male 291.78 £49.99 N

L5~L6 Female 27445 +49 35 2.470 0.014 284.82+50.34
Male 241.40+58.84 x

L6~S1 Female 218.50 +43.06 3.058 0.003 232.20+54.14

The data were analyzed by t-test. *p<0.05 and **p<0.01.
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Table 4. The vertebral canal cross-sectional areas at the intervertebral disc space in the sacralization group

Gender Mean = SD (mmz) t p-value TotalMean = SD (mmz)
Male 242.99+35.79
~ +

L3~L4 Female 238 60+ 34 54 0.705 0.482 240.22+34.94
Male 2663514484

L4~S1 Female 258 70 +42 .01 0.999 0.320 261.51+43.07
Male 293.05+56.44

S1~S2 Female 28521 +48.39 0.857 0.39 288.09+51.43

The data were analyzed by t-test.

Table 5. The dural sac cross-sectional areas at the intervertebral disc space in the normal group

Gender Mean+SD (mmz) t p-value Total Mean+ SD (mmz)
Male 171.20+41.03
~ - +

L3~L4 Female 17342 +39 95 0.388 0.699 172.31+£4041
Male 159.83 £40.96

L4~L5 Female 155.88 +40.00 0.690 0.491 157.85+£40.43
Male 129.73+£43.71

L5~S1 Female 121.57 +43 40 1.324 0.187 125.65+43.63

The data were analyzed by t-test.

Table 6. The dural sac cross-sectional areas at the intervertebral disc space in the lumbarization group

Gender Mean = SD (rnmz) t p-value Total Mean £ SD (mmz)
Male 157.33+39.94
~ - +

L4~L5 Female 158.86+ 32,04 0.292 0.770 157.94+36.89
Male 138.00 £38.54

L5~L6 Female 138.90+31.17 -0.179 0.858 138.36+35.69
Male 87.89+32.43

L6~S1 Female 850442628 0.670 0.504 86.74+30.08

The data were analyzed by t-test.

Table 7. The dural sac cross-sectional areas at the intervertebral disc space in the sacralization group

Gender Mean=+SD (mmz) t p-value Total Mean+ SD (mmz)
Male 172.93+£32.83

L3~L4 Female 172,62 +28 .69 0.057 0.954 172.74+30.16
Male 154.03+32.78

L4~S1 Female 154.47 +29 30 —0.081 0.936 154.31+£30.51
Male 148.67£34.76

S1~S2 Female 151.42 +33.65 —-0453 0.651 150.41+£33.96

The data were analyzed by t-test.

(L5~S1) Ao] 9] & F9jollA Aol mhE Fo3t 2tolE AASI M (L5~L6) Atel, 18]ar A XA 52|~ F 2|
UFERA] 9kt (Table 5). W (L6~S1) Ako] 9] HE RejoflA] o] whE {23t o]
£ WA $3tth(Table 6).
6. 52|t x| 7| 2| ZUFHL| 7I12H HEY

: 7. SRIMED7IZO| ZUTOL T2E B
sjeims)lze) AuFey td wae) AS 23 FIMEDIZe] SRFOL 7

73] 2] ~ TSR 3] 2| W (L4~LS) Abo], THAA 5 2]~ of AW E 7)o Aoy 7t2d wA o] AS A,



A5 2w~ A 5] 2 W (L3~L4) Abo], A& =] m~A
R G2 W (L4~S1) Ato], L2l AR G2 w~Z7 Y 2]
(S1~82) Ato]&] BE FQJoflA Ao mE {23t Zfo]&
Ve ] 9FQETh(Table 7).

8. HETT FUFOILIS 7I2H BEo| BB

zxolA HEd 7tEW WA AFurrny 7t2W |
2 9] A= AR S| 2w ~ A 3] 2] W (L3~L4) Ako]7}
0.731, WA 3] 2w~k A7) 3] 2] ¥ (L4~L5) Ato]7} 0.694,
a3 oA S~ R G X W (L5~S1) Ato]7}F 0.614
2 Uittt sl |l A3 7t2H dat 73
oEHY 72 H W19 AiA e WA 5 2w~ AR 5
2w (L4~L5) Ako]7} 0.603, THAA) 3] 2] ~ o AR 3] 2] )
(L5~L6) Ato]7} 0.469, 18] o A 5] 2]~ 7 & x|
(L6~S1) Ako]7} 04872 UFEFETE. J| =] 7]tofl A 5
I 7EY wWA Aurny 7t2W W39 AaAee A
75| 2w ~ vl A 5] 2] W (L3 ~L4) Ato] 7} 0.728, Ul A 5] =] e ~
AR I A W (L4~S1) Ao]7}F 0.649, T3 AR I A W~F
A QX (S1~S2) Ato|7}F 0.478 2 ettt webA 23
7t2H WA AutEey 7t2E 0y dixd 9 o]
F39 nE B0 A o3t ARTA S B rH(Table 8).

9. H{Fgtn} FUFML| el 7I2H HA H|w
O A%

sl m = 7|oF AW E7|7F FYE Fojet T2 £E
A o7} gle HE2TT o|FHFT Ao HEFH 7t
29 W3S vt A3, SmEy] s 2 A
S|~ AR S 2w Ato], 32w E 7)) A3 2w~
oHAlA sl 2w Abo] Bl X E|7] 2] SR S 2] W~ AR

Table 8. Pearson’s correlation coefficient analysis of the vertebral
canal cross-sectional area dimension and the dural sac cross-section-
al area dimension

LSTV' Variables Pearson’s correlation
vC*L3~L4 : DS’L3~L4 0.731%
Normal VCL4~L5: DS L4~L5 0.694*
VCL5~S1:DS L5~S1 0.614*
VC L4~L5: DS L4~L5 0.603*
Lumbarization VC L5~L6: DS L5~L6 0.469*
VCL6~S1 : DS L6~S1 0.487*
VCL3~L4:DS L3~1L4 0.728*
Sacralization VC L4~S1 : DS L4~S1 0.649*
VC S1~8S2:DS S1~S2 0.478*

*Correlation is significant at the 0.01 level (2-tailed).
"LSTV: lumbosacral transitional vertebrae.

fVC: the vertebral canal cross-sectional area.

’DS: the dural sac cross-sectional area.
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i

AW Afo])o] M| 7t H WAL tRE T} 52w
oA FYSHAl B FUARH(p<0.001), YA ME7] =3
(HET2 oA S 2]~ A A G 2 W ALo], 32| =] 7|9
CHAA 5] 2w ~ o] S sl 2w Ato] W JwE 7] FA
FA W~ G2 W Ato]) o] M3 TtEH WAL 2
I} o] PHF Atolo] FoJ7E Afo| 7t YEREA] (g

slEjm = 7o} YA e 7|7 AT fojot & £F9
A o]P AT} gle 2aT o| AT Ato]9] HupE
Y 7129 HAE vugt 49 sy 22y
A & 2w ~Th AR 5] 2w Ato], 52w E] 7|72 A5 g
W~ TR 5 2w Abo] T 2w = 72| RS 2w~
YA w Apo]) o] FupEmy k2 W WAL tj2 T o]
A3 Abolofl F-oJgt Zpol7F UEhbA] kT, 2w = 7]
T (2] T & 2w~ AR G 2w Ato], 5 2w =7
0] THAA S 2w~ A A 5 2] Afo] W AW =] 7]
AN QA M~ SR G x| W Ato) o] HutEmy 7t2H W
< 2ZE oA T4 B §A YEbth(p<0.001,
Table 9, Fig. 4).

10. o]l W2 = F 20} ZatFEHLe| 7= H
HE H|w

Aol W M3 AuuiUol 7w WHg ums

& Normal
& Lumbarization
I Sacralization

350

300

250

200 -

150

Mean dimension (mm?)

100

50

Ds1 Ds2

Fig. 4. Comparison of the mean cross-sectional areas of the ver-
tebral canal and dural sac among the normal, lumbarization, and
sacralization groups. ***p<0.001 indicates statistical significance.
Error bars indicate standard deviation. VC1: the vertebral canal
cross-sectional area at the L4~LS5 level of normal group, the L4~L5
level of lumbarization group, and the L4~S1 level of sacralization
group. VC2: the vertebral canal cross-sectional area at the L5~S1
level of normal group, the L5~L6 level of lumbarization group,
and the S1~S2 level of sacralization group. DS1: the dural sac
cross-sectional area at the L4~L5 level of normal group, the L4~L5
level of lumbarization group, and the L4~S1 level of sacralization
group. DS2: the dural sac cross-sectional area at the L5~S1 level
of normal group, the L5~L6 level of lumbarization group, and the
S1~82 level of sacralization group. A color version of this figure is
available in the online journal.
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Table 9. Comparison of the cross-sectional areas of vertebral canal and dural sac between the normal and LSTV groups

LSTV'

Level N Mean+SD (rnmz) Minimum (mmz) Maximum (mrnz) F
) Normal (a) 200 254451+46.19 170.77 435.00 8 69

il Lumbarization (b) 209 242.33+41.17 152.84 375.72 @ > b, b<c)
Sacralization (¢) 136 261.51+£43.07 160.24 395.34 ’
Normal 200 283.01+£56.93 145.61 456.60

\erk Lumbarization 209 284.82+50.34 178.28 48125 037
Sacralization 136 288.09+51.43 194.99 465.66
Normal 200 157.85+40.43 70.44 331.24

Ds1? Lumbarization 209 157.94 +36.89 60.22 284.60 0.49
Sacralization 136 154.31+30.51 91.94 285.50
Normal 200 125.65+£43.63 51.68 315.18 .

Ds2f Lumbarization 209 138.36 35.69 72.82 287.03 17.13
Sacralization 136 150.41 +33.96 82.42 29423 (@<b,a<c,b<c)

The data were analyzed by one way ANOVA. ***p<0.001.

'LSTV: lumbosacral transitional vertebrae.
VCI: the vertebral canal cross-sectional area at the L4~L5 level of normal group, the L4~LS5 level of lumbarization group, and the L4~S1 level of sacralization group.
$VC2: the vertebral canal cross-sectional area at the L5~S1 level of normal group, the L5~L6 level of lumbarization group, and the S1~S2 level of sacralization group.
*DS1: the dural sac cross-sectional area at the L4~L5 level of normal group, the L4~L5 level of lumbarization group, and the L4~S1 level of sacralization group.
“DS2: the dural sac cross-sectional area at the L5~S1 level of normal group, the L5~L6 level of lumbarization group, and the S1~S2 level of sacralization group.
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Fig. 5. Comparison of the vertebral canal cross-sectional areas according to age among the normal (A), lumbarization (B), and sacralization
(C) groups. The cross-sectional areas according to age do not show significant difference between the normal and the lumbosacral transitional
vertebrae group. The data were analyzed by one way ANOVA. A color version of this figure is available in the online journal.
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