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Sukwoo Son
Purpose To determine the frequency of ossification of the transverse ligament of the atlas Z:tcfjfé/rg/0000_0002_4164_1352
(OTLA) and to investigate the associated findings on cervical spine CT and plain radiography. Jeong Ah Ryu
Materials and Methods We reviewed 5201 CT scans of the cervical spine of 3975 consecutive https://
patients over an 11-year period for the presence of OTLA and compared them with those of age- ?;Ce'i;fﬁi?ooooz_%m_lsox
and sex-matched controls. The frequency and associated findings of OTLA were investigated https://
and statistically correlated. orcid.org/0000-0001-7978-5303
Results The overall frequency of OTLA was 1.1% (45 of 3975 patients) and increased with age (p < ﬁ:tr;‘?y/n Kim
0.005). The frequency of OTLA in patients over 80 years was 12%. The space available for the orcid.org/0000-0002-7876-7901
spinal cord (SAC) was smaller in patients with OTLA (p < 0.005). Mineralization of the complex of ﬁtet‘;:%';un Lee
the anterior atlantooccipital membrane and Barkow ligament, ossification of the ligamentum Orddjorg /0000-0002-4348-7993
flavum, and kyphosis of the cervical spine positively correlated to the presence of OTLA (p <
0.005).

Conclusion OTLA was associated with age, SAC narrowing, cervical kyphosis, and ossification
of other cervical ligaments and may be associated with degenerative spondylosis, systemic hy-
perostotic status, or mechanical stress or instability.

Index terms Multidetector Computed Tomography; Spine; Ligaments

er3 Rl =38} (ossification of the transverse ligament of the atlas; ©]5F OTLA)2
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1978 %0l A5 B e = A0 2(1-3), TN M4 S (myelopathy at the
craniocervical junction) (4), @ 3 dZ-(atlas hypoplasia) (5), F =] 24 dS(dens
hypertrophy) (6), &% Y (atlanto-axial dislocation) (7), F0FE]2 #EH (rheumatoid
arthritis) (8), £4-Z(fluorosis) (9) 52 A¥4do] itk B ¥ vf Qlck,

FHEE I ZslEo L A 5)815-2 A-3-4] 5]% (chondrocalcinosis) (10, 11) 25+ oy} crowned
dens syndrome (12) 2] A= Ba1E|o] 9l om 2| A7to ofsHi(13), B-F52] Za]
ZQIAF A% (calcium pyrophosphate dehydrate; |5} CPPD) &}, Lto], x|4f E7]2] ARz
2] H] & (retro-odontoid soft tissue thickening)2H= 2] /42HHA|7} Q= 702 B g]o] Qlct,

OTLA® H7/32Q1 2 Z39] o] 52t EQHY/d 1} Aol Rtk YR oAARH, 7|AH AE=|

29} 22 279o] oo F23 OJ82 ¥ 202 AYAHTH14, 15). OTLAE H4HZo|L} 3
23 214, AT M3lab} gl A 9olE S 797t s o] $EQIh 28 S ossification

of the posterior longitudinal ligament; |8} OPLL)°| 1 &4 Q1 thZ5}H5+(ossification of the lig-
amentum flavum; ©|5}+ OLF)3} o] 27|17} 714 251 F-2 03 4ol o] B ast &
A El3iA] HEtE B 4% Qlrk(16).
2 AFLo|Al= A3 HatshEE Y (cervical spine CT; o5 C-spine CT)S ©]-85to] OTLAS]
2 1o} ofof] FHME A5 25T

2 AT S o 7 1=l o el o] IRB 4291 & Fastal AR F2
CHIRB No. 2014-10-015). 20031 1€ 52-E 20141 10274 QS YLt A5 % F5,
9] o] 7kA] o2 AlJH C-spine CTE &AI5to] OTLAZ} SHHE 495 &/ok3ith ©
3ol AHA 7130l =4, 334 W (ankylosis) 502 Q18] E53] Qltht 14
7gol gﬂi 73 Zﬂﬁokoﬂi} l? ZﬂL—O«]Tﬂ—. S BA5te] 2 5d7 F5ak 7
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59 AR Folde 24 skt Ol% ==l e o I QHZ—OH AR 718elv =4, 33473

W2 (ankylosis) 502 Q15l FFE /et FH F2F0] 40| 2715 4= ZAIZIA] &t

Fch(clivus)oll A HE] H3FF7HA & 236l on =2 &2 oh33h 2} 120

Z(automatic tube current modulation, Z/th 330 mA), A3 =74 0.75~2.00
mm. ZHPAS Y G4 (source images) S ZHE 1- 3mm FAZ YA O AT} 3
4G ESEH2-, 3mm ‘:ﬂli 23785t Bl Wlol| what ﬁjz—oe“ﬂ%*oé (—"r"d?ﬂ = )}

munication System)QfE' %6}0:1 Xﬂ ”EJ A
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% (discrete nodular), A1 =
o] g5t /dglo] == ltio %Zﬂél% &42& Zé?ﬁbﬁ(Fig. 1A) (4-6, 17). =3+ ZAAF
H /ol A Z/g 2He] W= Xl % Zo][inner anteroposterior (°]3F AP) diameter of the
atlas], 2]/d"=7](odontoid process)2] 15 Z o] (AP diameter), |4 3% (space available for spi-
nal cord; ©|3} SAC)S Z75HITh SACE ARF 2] K= 12 (soft tissue algorithm)oll 4], &3
o] ZYAFHolA] cerebrospinal fluid (°]5}F CSF) column®] A]£-0 2 7 2J513th(Fig. 1B, C) (18).

2% ?1tH(apical ligament of dens), 2]<1th(alar ligament), &3S =0k Barkow QIth =3t

A (anterior atlantooccipital membrane - Barkow ligament complex; 5+ AAOM-BLC)2] 34
2% (mineralization), FAQItHE3S, TERIHZ35-2 S, AVJH G/dollA F7lstdrt.
o] =4 Z(mineralization) A&7 H|S of e} wA|glo] g3te] fF & 747+ Bgsirt.
0|k 4 d 2w vHr}h3 (diffuse idiopathic skeletal hyperostosis; ]} DISH)2 &8 =2
rretlon ofof ek gl 12 24, 370 o] ' = BRI

7553 (cervical kyphosis)# SHH5(scoliosis)= C-spine CTeF YRHEJ 0 = 1§7tsil o
H 15% o]} 7Ieolile A9 U, 1HA &5 4 el e 2 RsIlth. 4 d=H(disc
space narrowing)2 5742 £0]7} /o] Ayt ofstz 4SS wiE Agolstglon I 2
5 gelsto] Q) 1274, 371 ool = 2RIl 555 Z1Hd Y (atlanto-axial
osteoarthritis), OFg-=(subluxation) -+ E-(dislocation), Z452] 7% (C-spine anomaly) 77 5=
3k C-spine CT} YRt o= Hrlsioit). Fute A WA o) {5+ AR 77]152 C-spine

CT, PS5l risil o, s z-g3sk(aortic arch mineralization) 472 g5 AR

L
3
R}
- 8
m

Fig. 1. Method of the measurement of diameters of the dens, atlas, and space available for the SAC on midsagittal CT images.

A. OTLA is defined on the axial CT bone algorithm image. Discrete nodular, linear, or curvilinear hyper-attenuated mineralization within the
transverse ligament, with a high attenuation of 180 HU, with or without a central fatty area (arrows), is determined as OTLA.

B. On the CT bone algorithm mid-sagittal image, the distance from the posterior cortical border of the anterior arch of the atlas to the anterior
cortical border of the posterior arch of the atlas is measured as the AP diameter of the atlas (dotted line between white arrowheads). On the
mid-sagittal image, the distance from the anterior cortical border to the posterior cortical border is measured as the AP diameter of the dens
(solid line between the black arrowheads).

C. On the CT soft-tissue algorithm mid-sagittal image, SAC is defined as the sagittal diameter of the cerebrospinal fluid column at the C1 level
(dotted line between white arrowheads). The transverse ligament (black arrows), apical ligament (arrowheads), and tectorial membrane and
cruciate ligament (white arrows) of the atlas are clearly delineated.

AP = anteroposterior, OTLA = ossification of the transverse ligament of the atlas, SAC = space available for spinal cord

o
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299 o] g5o] 4714 TA| 2 EE25HTH19).

=M 2

OTLAS] H1== 1ol et Aol mhat g 2lst il th(Table 1). thAdwtat chx2wtake] 2jo| &
Q) L4 (o] 3h 30| W& Zo]9} SAC)= student t-testS, H5E H4(AHE, X149
o, ©]Q1t], AAOM-BLC®] 3}, OPLL, OLF, DISH, 73T— 5 @?J%, %ﬁ—%?—ﬂ %1@03,
OP%P%L %?LiL FokEl A Y, AE

ok
P

2517t P(conﬁdence 1nterval) = |3l o Dﬂ], CHAZFS] 54 (multivariate logistic regression

analyses)& ©]-85t0] OTLA f-2J3t A¥-0A|17} QL= 2918 H7Fsk3itt p value < 0.052] 74

£ 5AIEA go)do] Q= A og 7hEstgl o SA| 2442 SPSS version 21.0 for windows
1.

(IBM Corp., Armonk, NY, USA)2} MedCalc 13.1.1 (MedCalc, Ostent, Belgium)< ©]-&51ic}.
25

OTLAS| HI=

% 397579 9] thi/dollAIA &gt 5201709] C-spine CTE 241519t E/d- 2552 0 2 Lol =
1~103A1(Fwt 50.7 £ 17.14) 201, 042 14237 0 & 1~89M|(FH ¢ 57.1 + 18.2A4) A ch. & 477
of|AlA] OTLA 470] FR1E| o m 15 3t 534 'Fg #xb= 301d7ke] 72/ d 4 2 0 2 XAl &=
7N-73 % 1tl(craniocervical ligaments)@} 235717} 2Hd5] g3t o I ch7t 2= A
orob A|LJeFRA L B T2 57A) of g 2hAe] - 2§37 08 Sgol & Ado] Jlof &
9] A7 Zolet SACE ST 4= glo] Al =|3iet. 2T 457 2] OTLA #HrbEo] Aol &=l

o 59| ¢ Loli= 71.7 £ 10.8MATHE/S 201, 53~94A4l, Bt 68.5 £ 12.041; o1/ 25,

Table 1. Demographic Characteristics of Patients

Age, Total, Male, Female, OTLA, Frequency
years number number number number of OTLA, %
<10 7 51 26 0 0

10-19 216 164 52 0 0
20-29 417 289 128 0 0
30-39 566 401 165 0 0
40-49 828 540 288 0 0
50-59 897 558 (5) 339(2) 7 0.8
60-69 545 322 (8) 223 (4) 12 2.2
70-79 346 192 (3) 154 (13) 16 4.6

=80 83 35(4) 48 (6) 10 12.0

Total 3975 2552 (20) 1423 (25) 45 1.1(0.8/1.8)*

Numbers in parentheses are patients with OTLA.
*Numbers in parentheses are percentages of male/female patients with OTLA.
OTLA = ossification of the transverse ligament of the atlas
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Table 2. Frequencies of the Associated Findings in 270 Patients with or without OTLA
Associate Findings No OTLA (n=225) OTLA (n=45) p-Value

Atlas AP* 29.6 +2.17 29.0 +2.12 0.098
Dens AP* 11.5+0.95 11.3+1.03 0.259
SAC* 13.6 £1.74 12.7£1.77 0.003
Apical ligament mineralization * 174/51 (77.3/22.7) 38/7 (84.4/15.6) 0.289
Alar ligament mineralization* 192/33(85.3/14.7) 39/6 (86.7/13.3) 0.816
AAOM-BLC mineralization 150/74 (67.0/33.0) 20/25 (44.4/55.6) 0.004
Cervical OLF* 204/21 (90.7/9.3) 31/14 (68.9/31.1) <0.001
Cervical OPLL* 147/51/27 (65.3/22.7/12.0) 26/10/9 (57.8/22.2/20.0) 0.343
Cervical DISH* 210/3/12 (93.3/1.3/5.3) 39/2/4 (86.7/4.4/8.9) 0.230
Cervical kyphosis 166/59 (73.8/26.2) 23/22 (51.1/48.9) 0.002
Cervical scoliosis* 162/63 (72.0/28.0) 35/10 (77.8/22.2) 0.426
Disc space narrowing* 126/84/15 (56.0/37.3/6.7) 19/19/7 (42.2/42.2/15.6) 0.074
AA osteoarthritis* 110/115(48.9/51.1) 26/19 (57.8/42.2) 0.276
AA subluxation/dislocation 206/19 (91.6/8.4) 43/2 (95.6/4.4) 0.544
Cervical vertebral anomaly, n 6(2.7) 2(4.4) 0.624
Rheumatoid arthritis, n 3(1.3) 1(2.2) 0.520
Aortic arch mineralization (0/1/2/3),n 106/22/29/68 (47.1/9.8/12.9/30.2) 19/5/12/9 (42.2/11.1/26.7/20.0) 0.097

Numbers in parentheses are percentages.
*Mean = standard deviation, mm.

*Not seen/seen, n.

*Not seen/1-2 levels/= 3 levels, n.

AA = atlanto-axial, AAOM-BLC = anterior atlantooccipital membrane - Barkow ligament complex, AP = anteroposterior, DISH = diffuse idio-
pathic skeletal hyperostosis, OLF = ossification of the ligamentum flavum, OPLL = ossification of the posterior longitudinal ligament, OTLA =

ossification of the transverse ligament of the atlas, SAC = space available for spinal cord

53~89Al, T+t 74.3 £ 9.1A]]) (Table 1). OTLAS] A ¥1%=+= 39757 F 457 2 &2 1.1%ATt. 504
0k} 2} 5 OTLA A4S HQl 79+ it 504 o]e] Exk5 5 OTLAS] Hl=+= 2.4%
(18717 5 45%)%.2.™ 804 ©]/4f2] 749 129(83%F 5 10%8) %I tt. OTLAS] Hlx=+= Lio|of wle} &
7¥ohe 2 ESlth(p < 0.001, univariate logistic regression analysis) (Table 1). 2kt <]
/81t of/d 2] Wt Yol= FfshAl hEA] 43k tHp =0.210, 1ndependentttest) g/l OTLA
O] HI == (0.806(2552% = 20), 9143-2 1.896(1423 % 2575)%.2.H (Table 1), OTLAS] 8-7= 4]

B}k f-of gkt A7 QIATHp = 0.355, Pearson chi-square test).

2+ A5 Z)o] o] 7S OTLA HaktollA] 29.0 & 2.12 mm (9], 25.0~33.5 mm), =
A129.6 = 2.17 mm (H9, 25.1~37.0 mm) 2 ZRI=| ] o0 5A A F-o)/d-2 TEE A] 2
0.098, independent t-test). 25-2] 7% Zo]= tjtof|A] yolof we} 254 Zhas
Ho| 1 (Fig. 2A), 71 H9l+= OTLA ErRtol| A of 2HA] =]l O L(Fig. 3A) %741
BAUT. F5 A=7] A= Zolo] Hgh> OTLA #AHollA 11.3 £ 1.03 mm 8.9~1
mm), tHE7eA 11.5 £ 0.95 mm (H9, 9.5~14.1 mm) 2 S =0 o EAZ §o *é% s
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25.0 o o * .
7.5
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Years Years
@ 20.0
r=-0.035, p=0.499
L4 .
17.5 - ¢ - ¢ .
* L] b4 . s, o .
s . : R : '.. oo- '.: .
® 090
= 150 o e 3% See !.... ..o .:.. . o.’. .
£ O
:() * .' $ge, :l'.“' . .
@ 1254 0,: ®e |' 5% '., R ’.l oo Fig. 2. Scatter plots of age versus the AP diameter of the atlas (A), the
. ." * seg® o gg' it 3 * . AP diameter of the dens (B), and the SAC in patients without OTLA (C).
e’ H * o8 ° There is no significant correlation between age and AP diameter of
10.0 7 ¢ v - the atlas, AP diameter of the dens, or SAC in patients without OTLA
. (r=-0.005, p =0.917; r=-0.085, p = 0.101; r =-0.035, p = 0.499, Spear-
751 . man’s correlation). OTLA shows a relatively even distribution across
‘ ‘ ‘ ‘ ‘ ‘ all ages. Therefore, a smaller SAC in patients with OTLA may not be
50 60 70 80 90 100 because of their advanced age.
Years AP = anteroposterior, OTLA = ossification of the transverse ligament
of the atlas, SAC = space available for spinal cord

2] 2EFHp = 0.259, independent t-test) (Figs. 2B, 3B).

SACS] H#ZES OTLA ol A 12.7 + 1.77 mm (9], 9.3~16.5 mm), thE7olA] 13.6 +
1.74 mm (H<], 9.5~18.2 mm)= A=Y F 2] Zfo]= FAA 2 Fold2 BAt(p =
0.003, independent t-test) (Fig. 2C).

AAOM-BLCS| FE2 32} ARl e] Z3F 432 OTLAR} 9Jr] Q= o2 AHiAlE
THp =0.004 and p < 0.001, Pearson chi-square test) (Table 2). 121 2] Ithrt ] ITthe] 3
SR (212 p=0.289, p=0.816), OPLL (p = 0.343), DISH (p = 0.230)'= OTLA®} -8-0] 3} Al

AE Ho|A] gttt FFe 50 749 OTLARF -F-2l8H A E A 2L H(p = 0.002, Pearson
chi-square test), 45Z7H53 OTLASMS] A= 5A|12 0.2 -§-2)5}4] 929k th(p = 0.426).

F7 B3 Hp = 0.074), FF-5F ZWEA (p = 0.276), FF-55F ofH (0 = 0.544), 4

2718 (p = 0.624), FUFE]A BHA (p = 0.520), H5HZG3} (p =0.097) 27 2= OTLASH-3-2]
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Fig. 3. Box Plots of the AP diameter of the atlas (A), the AP diameter of the dens (B), and the SAC in patients with or without OTLA (C).

A, B. The average AP diameters of the atlas and dens are not significantly different between the patients with and those without OTLA (p =
0.098, p =0.259, independent t-test).

C. The average SAC is significantly smaller in the OTLA group than in the control group (p = 0.003). In the control group, SAC shows a wide nor-
mal range.

AP = anteroposterior, OTLA = ossification of the transverse ligament of the atlas, SAC = space available for spinal cord

40.0 - p=0.098 15.0 p=0.259 20.0 - p=0.003
17.54
35.0
— — 1251 .
€ IS € 15.0
£ £ IS
~ 30.0 - =
= % 2 125
< S 100 o
25.0
10.0 4
20.0 7.54 7.54
T T T T T T
Absence of OTLA  Presence of OTLA Absence of OTLA  Presence of OTLA Absence of OTLA  Presence of OTLA

Table 3. Multivariate Logistic Analysis of OTLA and Associated Findings

OR 95% CI p-Value
Age, years 0.977 0.942-1.014 0.214
Sex, male 1.286 0.594-2.786 0.523
SAC, mm 0.745 0.604-0.920 0.006
Presence of AAOM-BLC mineralization 2.615 1.267-5.397 0.009
Presence of cervical OLF 4.419 1.841-10.606 0.001
Presence of cervical kyphosis 2.351 1.136-4.869 0.021

AAOM-BLC = anterior atlantooccipital membrane - Barkow ligament complex, Cl = confidence interval, OLF =
ossification of the ligamentum flavum, OR = odds ratio, OTLA = ossification of the transverse ligament of the
atlas, SAC = space available for spinal cord

S AT @lSitH(Pearson chi-square test). 12jut OTLAR} EHIE $H5-%3¢ opehalL} Sofe]
A WA A= 7ol AATHEEn =2, n=1) (Table 2).

C-spine CTl| 4] 43 OLF (OR =4.419)2] -7t AAOM-BLC2] =21 ZHOR =2.615), 4%
FUES(OR =2.351) £719] §-7-= 5% OTLASE o] ATaAZE Q= A o2 Uit SACe] 7
9 OTLAZHA}EOl| A 5-2151A] ZHUATHOR = 0.745) (Table 3).
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FollA BEelthel Bafet 4215} 247} PHE|o] Has|of 9w, B2l
o=k

o
ik
o

= 2 TG B S350 APATT 22 WA o) Tt sREE
F " Z(cervical myelopathy) (4-7)2-2, &5 Qlthe] As]eh= CPPD 27 Y& ddd
22102 tf RIHsHA| EAgsh= 210 Bas|o] gk, ShE=Qlte] A3]3t A4o] st B4R 5
Z3} 56k 72 Crowned dens 2870 2 £ 4= 9Jth(10-13).

710l EE U & AR Aol A OTLAS] REE-2 0.1% PITHe= H 1% up Qloik(l) &
Aol A= 1L1%E B &7 Ueldth o]= OTLAS] 875 7lsh= 1] o 2 AR&H C-spine CT
7t =3+ B7ksh=t o] AR R B 47] w0 &2 A7

Anno 5(26)2 2| 13739t 113672 C-spine CTE ©]-8-5to] g5 eld) A3|3te] 3 ES
S o] = 2F 3.5% = UERHTE o]= 2 A tollA OTLAS] R E(1.1%) 2T =2 Zto] ]
TF 2 AollAs BE S oo R g uhH, sl Aol A= /g 404 o)d o' 7St
B2 AFojAE= OTLA -F-79] 7|22 180 HUR 475191 oLt sl Atolla = o] et e 3
R0 115 A7 ES P 0 2 IHel7| whiE o & AT SFA| Rk sl oA o] B
I M 3Jgte] R E2 2 ATolAle] OTLALH nEZIA| 2 o] 7F Z71gto) Qlo] 1 RIE=7} &
7¥ohs AAS BT 5t 2 Aol 4] 5041 rIvke] $2k= OTLAZF A A] QhQkal @ 4] 504

o]fo] RS A AT o] E|Ql=d| Anno 5(26)2] Aol A I 99.2062] FHE2]1cH A5]|5k
7} 50A] ol ’dollA BEAE|l o o] 2 53l OTLAL B3Il A3]skrt Eja)A) wistels o]
Q1S 7o 7 Azks|E 4 ek,

2 Aol Fo] AP T2 T TFo] AA|RE 278 492 4 lstl o Currarino +
FolMAE =30 3 7130] US B9 AQdstArh27). 3 2T Aollxf= S5 AP /d 52
7|%0 & 26 mmE AAISHATH28). & Ao A] OTLA BHalte] g3 A& Zol= tf = i%ﬂ H]af
1 9jel gtgho] A2 S B o BAIK O & FoloiA| = EdTHEIg. 3A). FF 25719
e o] T35 22 S B om(Fig. 3B) o= 71E9] 2| Eareh ok Atolth(e).

SACE 242eF CSF= o] F0]3] Z7to]m(29) ¥, %3 2|5 7], FUdh, §7H9H(tentorial mem-
brane), 2+ (dura mater), 3% %2 (posterior atlantoaxial membrane) 1%}, S8 732t
©]FHepidural space)ol] 2Jsf A7 TH30). kAl FRlt]e] vl<, 25 AP T, F3F &7
HFdF, G7H9 B Fel 22 o]4f ATE-2 SACO] 2| A o2 PP njRict B AlofA=

QTLAi}x}—‘T_Lq]H Torgsm] 212 SACo| & OJEME}(p 0.003). 7]& ?LOH ooty drkEgolA]

s 283 TA IS &49& *M%E}.
OLF= 74%ol|A] oje 55 Yehta, I HlEE= 0.9% 2 B 1Eo] QIek(32, 33). A3 OLF=
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hyperostosis) ©|1H(32, 33), 2, /7% QIxfet 2h2 22 QIAE2] /33 24 (upregulation) =t
o] Q= A 0= HalE v lrH(22). & AollA] 5 OLF= OTLA B0l A f-ofshA] W17}
A FRIE AL (p < 0.001) 0 & B3l T 1] Z3tol 35 Hlo] EAlsh= 2108 B2 4

At

7|AA 2EH 2 23] A2 w ¥hY A BEsHosteogenic differentiation) S - 5=t
T2 AL Shz 202 7= o] JlTh(14). FFFS9] 79 M5l 28] BAdel FF=
T A0 2 AIQKE v Qla1(14), thE 7]& AAFtollM = A FFuE1} 75 OLF2F] AvkiAI7F
] JATH33). 7 Aol|A = OTLASH B 5o Rtgate] folsh AtAE &Rle 4= it

2

Foll= 2 7k Alghdo] Qlok A, 2 Al Eelof Wilsto] C-spine CTE 29 2kt
S o= 2ggatel7] whell A 17 kel E4S whgokA] ot 54, S5 ltie] A
3] stol| chal ZAKSHA] Qket. A, 73 2R g0t Qlnh WA 1 -2 MRI AA7ke] Add S
SQI5HA] Foket, upajuto 2 1 itofjA] OTLALKS] BAI4 5 2
o] A S dratA] Zseict.
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S5 A5 Aterd-5E Y (cervical spine CT; ©|5} C-spine CT)2 YREEY-& ]850
F3thZ 8} (ossification of the transverse ligament of the atlas; ©15} OTLA)¥} A4
B/ Aol tiisto] Yotk Qi

CHARTE S 11A7F 397575 9] Shatol|AlA] 243t 5201702] C-spine CTE 2A15to] OTLAS]

o
72 HeIs9, o] clRTat Hlmsto] 1w AT G 4710 S o
2 elstglct

Z1} 3975 F 4570llA] OTLAZ}F ERIE|ITH1.1%). L Hle = tolof e} Z7fsh= A4
Hlom(p < 0.005), 80A o]/l Fzke] 1296014 =] Ak, 24 7 H(space available
for spinal cord; |5} SAC)-> OTLA HakrollA] §2lsotA| 2H2 Ao & ERl=glon(p <

0.005), A5 = ul(anterior atlantooccipital membrane)-Barkow Q1th E3h40] 2=
3= (mineralization), B4 1 th&3}H5(ossification of ligamentum flavum), 45553
TSR] ]Sk Fo] /Al E EATHp < 0.005).

ZE OTLA= A2 Yo, SAC H4, B30, T AQIt] S35t ats] o] =3
8 HEHF, AR Z 2] H, -2 71AIA AER| AU EQFY /ol W0l JlZ Ao =
A

[e}
selAlchala o) atoist 7 kAl Bakanel Qdabelshal,
gropostaL ofhhef A2l Aoleat
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