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SUMMARY: Anatomical variation of the foramina transversaria (FT) is associated with vertebral neurovascular symptoms and
can cause complications after lower spine surgery, especially cervical pedicle screw (CPS) insertion. FT variation hasnies¢eddoc
and classified in various populations, as this information can help increase cervical stability in subaxial vertebralthoggtythe
morphometry of the upper cervical spine in Thai populations has been reported, there have yet been no studies exantinegydhe fea
FT. The FT of dried cervical spines (C3-C7; left and right side; n = 107, male = 53 and female = 54) were examined fogivarrpholo
variation, and their anteroposterior (AP) and transverse (T) diameters were measured using a digital vernier caliper. htodpteomet
and variations were compared by sex and lateral side. It was that the C3-C6 FT in both sexes were round, and the Cpti€aiwas elli
with an oblique right side. FT diameters did not differ significantly by sex except for the AP diameters of C6-C7 andreterdat
C4 and C7. The left AP diameters of C3-C6 were significantly longer than the right, as were the T diameters of C4 andii@i@riallyAd
T diameter was significantly longer than that of the AP, except that of the left C6 in male spines, which did not differ Afnviost
FT examined were round. These findings should be considered in the provisional diagnosis of vertebral neurovascular sysegtoms ca
by FT variation as well as that of neurovascular damage after cervical pedicle screw placement.
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INTRODUCTION

Foramina transversaria (FT) are commonly found inarious neurological symptoms including headaches,
the cervical vertebrae (1st -7th) at both the left and rightigraine, vomit, ataxia, dizziness, vertigo, diplopia,
transverse processes, creating passages for the verteblialdness, and loss of balance (Romamb\al, 1973).
vessels and sympathetic nerve plexuses. Generally, the paisteover, FT size is an important factor for radiologists
vertebral arteries run into the FT at the sixth or seventh levelsd surgeons to consider during computed tomographic (CT)
of the cervical spine to the first vertebra before exiting tor magnetic resonance imaging (MRI) scanning prior to
form the basilar artery at the ventral brainstem. Clinicallypwer cervical pedicle screw (CPS) fixation (&iral, 1991).
the variations in FT, such as narrow size and presenceloefaddition, the FT variation can affect the vertebral
osteophytes, can cause vertebral vascular or vertebrobasilanrovascular bundle after CPS insertion. The incidence and
insufficiency, leading to transitory ischemia in themorphological features of C3-C7 FT variation have been
vertebrobasilar circulation (Kayet al, 2011; Zibiset al,  well documented and differ by population (Tatal 1978;
2016). As a result, patients with FT variations (especiallfimura et al, 1985; Nagaet al, 1999; Aydinogluet al,
vertebral neurovascular compression) may present wigd01; Dat al, 2005). For example, the FT shapes reported
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in Japanese, Chinese, and Indian populations have bé@®1mm precision, Mitutoyo, Kawasaki, Japan) in triplicates
classified into 5 types, with type 3 (elliptical with transverseas shown in Figure 1. The anteroposterior (AP) diameter,
direction) being the most commonly observed at C3-Cdirection of vertebral body facing observer, which defines
(Kimura et al, 1985). In contrast, the 13 types have beeinom the anterior to the posterior margin of FT. For T
observed in South African populations, with type 1 being thdiameter, it means the diameter from the medial to the late-
most common found at C3-C6 (Tadtzal 1978). Anatomical ral margin of FT. Such measurements of FT diameters were
variations on the subaxial vertebral pedicles and morphomesystematically performed by different internal and external
of the FT in the upper cervical spine have recently beabservers on different days.

documented in the Thai population (Mahipleotal, 2019;
Chaiyamooret al, 2021). However, no morphometric study
of variation in the lower cervical FTs (C3-C7) has not bee
conducted. With this study, we aimed to fill this gap b
investigating FT morphometry and classifying FT variatiol
in the lower cervical spine in a Thai population in order ai
in the diagnosis of vertebral neurovascular symptoms and
lower cervical pedicle spine fixation.

MATERIAL AND METHOD

Resource of dried lower cervical spine samplegdult
subaxial cervical spine vertebrae (C3-C7) excluded for ai
degeneration were used in this study. All lower cervic:

—

spines were collected from 107 identified NortheaSte'f'—'| . 1. Showing the representative lower cervical spine from of C4

Thaifs skeletons (53 males_and 54 fgmales) that they W%[ﬁerior view) and directions of measured FT diameters. AP,
previously donated for medical teaching and research at eroposterior diameter; T, transverse diameter. Scale bar = 2 cm.
Unit of Human Bone Warehouse for Research (UHBWR),

Department of Anatomy, Faculty of Medicine, Khon Kaen

University, Thailand. This study was approved by the officglassification of the foramina transversaria (FT)The types

of the Ethics Committee for Human Research, Khon Ka&jt FT belonging to lower cervical spines were classified into

University, Thailand (No. HE621190). 5 types including the round (type 1), elliptical with
anteroposterior (type 2), elliptical with transverse (type 3),

Measurements of foramen transversarium diameters. elliptical with oblique from right to left (type 4), and elliptical

Both sides of FT diameters of each lower spine wekgith oblique from left to right side (type 5) as demonstrated

measured at two planes of anteroposterior (AP) angFigure 2 based on previous studies (Teital, 1978; Zibis

transverse (T) axes by using the Digital Vernier Calipest al, 2016; Guerrat al, 2017; Abdukt al, 2018).

Table I. The overall morphometry of foramen transversarium of lower cervical spine (C3-C7).

Lower Male (n=53) Female (n=54)
cervical AP T AP T
spines Left Right Left Right Left Right Left Right
C3 538 +£0.48 5.15+£043 6.21 £0.65 6.17+£0.66 527 +0.57 5.12+0.52 6.19+£0.72 594 +£0.68
(417-6.53) (432-6.16) (4.91-8.82) (4.89-7.77)  (3.80-6.45)  (4.17—6.43) (4.02-731)  (4.11-7.26)
C4 548 £0.54 521+0.51 6.27+£0.73 6.05+0.70 536+0.58 6.20+0.84 5.14+0.51 5.95+0.69
(4.03 — 6.60) (3.97-6.32) (4.03-8.09) (4.58-7.46) (3.84-6.34) (4.16 -7.92) (4.04 — 6.70) (4.71-17.46)
C5 571+0.74 541+0.80 5.88 £1.05 572+0.72 5.57+0.77 535+0.61 596 £1.05 596 +0.88
(2.52-7.79) (3.87-7.80) (2.63-848) (3.86-6.88)  (2.24-721)  (4.00-6.63) (220-8.75)  (3.94-8.27)
C6 6.16 +1.06 5.82+1.03 6.15+1.11 6.12+0.94 583+1.10 546 +0.76 5.95+1.08 6.16+0.92
(2.87-8.17)  (2.90-7.70) (3.14—8.60) (3.68—8.35)  (2.47-7.86)  (3.02-7.37) (2.64-8.16)  (3.00—8.47)
(o) 4.54+1.04 4.45 +£0.89 532+£1.23 4.74+1.07 3.95+0.89 4.08+1.13 4.81+1.02 435+1.11

(210-7.07)  (1.84-642) (2.53-8.58) (2.19-8.60)  (137-5.64) (1.86-752)  (2.50-6.96)  (2.06—6.86)

Values are meaf SD in mm. AP, anteroposterior; T, transverse.
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Statistical analysis.All morphometric values were represented as meanand | . g/ 5 g 8
standard deviation (mean S.D.). The variable data were tested for their S| s °
normality by using the Shapiro-Wilk test. IBM SPSS Statistics software (version sl5ag I
20, IBM Corporation, Armonk, New York) was used for statistical analyses. ég ahaeg 5§ inoes
Differences of parameters between sexes and sides were analyzed using the £&g8E88° ®& &3 38°
independent sample t-test and a paired sample t-test. A p-value less than 0.05 T 5 T
(= 0.05) is considered a statistically significant difference. 2598 _ =Z5n88
T2 T3 T4 TS T ddad T <ddd
000Q o
Fig. 2. Showing classifications of foramen transversarium found in é 636 % 2; E ;; 8 55 % F % ;; 8
C3-C7.T1, typel (round); T2, type2 (elliptical with anteroposterior); LEBF8IC TL FEHGO
T3, type3 (elliptical with transverse); T4, type4 (elliptical with oblique ° °
from right); and T5, Type5 (elliptical with oblique from left). el ©
S| .p8588 . 8828
@ 3807098 §3 1T1%8
RESULTS B| TLEmIC T gyuEe
g . 8 3 a g £ z
Morphometry of foramina transversaria (FT) of the lower cervical spines o S| ° S s %
After measurements of AP and T diameters (shown in Fig. 1), the over% I B e as i
morphometric features of C3-C7 FT in both sexes with left and right sid Eg S~ S g 2§ §,§ §§§ s
from 107 dried bones were summarized in Table I. The results showed that t@e fegagrs EL BmIN© |G
diameters of both sexes and sides were shortest in C7 as compared to othey T -]
levels. In male, the longest diameters were found in AP and right T diametegBJs _elgas _ e@se@ s
of C3 and in the left T of C4 (Table I). Both diameters in the left C3 werep gﬁ? 37‘?.‘?' g §$ on 5°,°’§ =
longer than those of right side. In females, left AP and right T diameters wege, =< ##88° ~& EI88° o
longest in C6 and such prominence was found in right AP of C4 and left T Gf -
C3 (Table I). -g . 5y e g3 §
Y d
Comparison of FT diameters between sexes and sid@able 1l shows that ; _glees _ zege =
the AP diameter of C6 and C7 in male was significantly longer that of femal% é % Sesn 8 g§ a5 98 §
whereas there was only T diameter of male C7 was longer than female. Inbg@h ®<8333° "< 3588° ¢
sexes, it was found that T diameters of C3-C7 were significantly longer thaﬁ By 3 2
that of AP, except C6 of male had no difference between T and AP dlameter;s _ %838 _ 83r8 |8
Compared between sides, the left AP diameter of C3-C6 was significantly longer, 8 5¢578 §5 & 1ad g2
than that of the right side. On T diameter, the left C4 and C7 showed significan&/ SGeds MEEREAY
longer diameter compared to the right side. In contrast, the T parameter of C}ZS *E
C5 and C6 showed no difference. In the same side, the T diameter was foundite 58 -« $ 8 |E
be significantly longer than that of AP diameter in each side, except on the Iﬁt E
C6 (Table I S| 5gf9f. ¢ 3985 /5
Ul BRaiesd 23 ali.83
Table Il shows that the left AP diameter of lower cervical spines was wig o3 T owges |g
not significantly different in both sexes, except that of C7 was significanthyg 3 8 §
longer in male. The right AP diameter of C3-C5 showed no difference inbotf | , g 5888 _o 39288 |¢
sexes, except that the diameter of male C6 and C7 was significantly lon SLarag g 31 4o gg'% q
than female. Compared between sides, the left AP diameter of C3-C5 was longer R vees | g
than the right side in male, whereas in female, it showed no significant |, . 0y £
difference. In C6 and C7, the diameter of both genders was not different betwee g g § o . E g § e | .|
Eg ﬁ < Egs < =]
left and right sides, except that the left C6 was longer than the right side mTr; 8s 088 g

N
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Table Ill. Comparisons of FT diameter difference of sexes in left and right sides of lower cervical spines

Cc4 C5 C6 c7

C3

N Diameters

Femde

Male
(n=52)
454+ 1.04

451 +08

Femae

Male
(n=53)
6.17 +1.07
582+1.04

Femde
(n=54)
558+ 0.78
5.35+0.61

Male
(n=53)
572+0.75
5.41+0.81

Femde
(n=53)
5.37 + 0.59

Male

(n

5.48+ 0.5

519+ 0.51

Femae

(n

527+ 057
5.12+0.53

Male

(n

539+ 0.49

(n=50)
397+ 090
4.09+1.16

(n=54)
584+111

547 +0.77

=52)

=54)

=53)

0.004
0.043

0.122

0.048

0.341

0.642

0.324

0.644

0.276
0.788

AP-Lt

515+ 0.52

+0.44
0.016

515

AP-Rt

0.490

0.786

013

0.

0.087

0.055

0.031

045

0.

0.011

0.122

Cc7

c6

C5

C4

C3

Dimeters

S.;

Femde

Male

Femae

Male

Femde

Male

Femde

Male

Female

Male
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emale. It was found that the T diameter of the le of male was significantly longer
23 f le. It found that the T d ter of the left C7 of mal gnificantly long
O an that of the female. Moreover, the le of females showed a longer T diameter
©o than that of the f le. M the left C3 of f I h dal Td t
g% compared to the right side. In similarity, the T diameter of C7 in both sexes was
- . .pe .
%‘j T3 significantly longer on the left side (Table III).
[
=188 °
assification and incidence o ypes in lower cervical spind.he types o
M Classificat d incid fFT typ | | spindhe types of FT
- observed in Thai lower cervical spines were classified into 5 types including typel
IR (round), type2 (elliptical with anteroposterior), type3 (elliptical with transverse), type4
Sgge (elliptical with oblique from right), and type5 (elliptical with oblique from left),
respectively, as drown in Figure 2. The incidence of such FT types was shown in Table
88 IV. In male, the prevalence of FT types found in C3-C7 were type 1 (48.49 %), type 2
©o° (1.51 %), type 3 (18.68 %), type 4
85 P, (16.04 %), and type 5 (15.28 %). In
HEEE: fé’: SN 2 g 5 g 5 3 females, there were type 1 (56.30 %),
ggee & SzP28~=Zv¥5-¢ type 2 (0.19 %), type 3 (17.04 %), type
4 (13.33 %), and type 5 (12.78 %),
ET - -2 = 2 < gs 2 0 e _res_pecnvely_. It_was noted that t_he most
A= & P2 S5 A 3=F2% incidence similarly observed in both
Sinmo = o= Y g~
Hdd - - - T = sexes was type 1 (round shape) as
Q) shown in Table IV.
) X ~ o~ o~ o~ ~
38 5 s83s2832822 23
8 jf__ = DISCUSSION
o oo ~ —~ —~
Laass 2 o =52 < 223
we |8 c = = FT variation is clinically
ge |2 Y e e~ ~ & significant to radiologists and surgeons
ga5d s 2R838085E0E33 |  planning posterior operations at the
=] 53 T X = T eF . .
< gRo| - = ce@8g egT g=gig lower cervical spine (C3-C7). The
5 g1 - morphometry (such as type and
53 g Ak N N T S diameter) and rates of variance of FT
S é c—g g gpsas §§E §§§§§ have been found to differ by
so |2 HI Frefaad - tan—% population, with previous studies
il Syl s S|T being conducted in Israel, Japan, Chi-
dag o < 4 -~ ~ @ _G.Gc.5 na, India, Italy, Turkey, the US, Greece,
G o v S8 Yo oI A . . .
& = ERESn2 222038 Spain, Chile, South Africa, and Korea
er |o £ EPCS T T T e iTe (Taitzet al 1978; Kimureet al,, 1985;
898 d = Sangaret al, 2015; Zibist al, 2016;
£¥80|¢ 5| & o~ o = = Quiles-Guifatet al, 2017; Guerrat
5 © I X QO |en i~ 2 N} o ~ © 2 ! '
e g 2l 52 22C %S 258 592%0 | al, 2017; Abduket al, 2018; Mallaet
g |2 S| EZFPETE®2 e 278 | al, 2018; Gupta & Agarwal, 2019).
o .
co | > g Ours was the first study to report the
§ 2 a N @ _5 incidence of variance and
9 £g ~ 2 & B f§ °g= ond morphometric features of the lower
= 1 N— N— ~— . - . . B
133580 g - cervical spine FT in a Thai population.
©w g f We found that the AP and T diameters
IS e & a8 & =~ &5
g5 = 5 spEngageEgSeg | & C3, C4, C6 and C7 were
Bo<gla g CBIRT AE R gta%y S|gn|f|cantly longer in _males_thfan
Sy5° % é = females. This may explain the finding
E S of insufficiency in vertebral basal
3 e — - artery circulatory in Thai women
S8 2 5 B 3 8 8 © K (unpublished data), in that the
g s S 2 condition could be due to narrowness
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of the FT causing compression of the vertebral neurovascular ~ Consideration of lateral size differences may help
bundle. In addition, the recent study showed significantlgrevent left vertebral neurovascular damage during spinal
higher AP diameters of C6-7 and T diameter of only C7 isurgery. Previous studies in South Africa (Abetdl, 2018)
male, indicating that such parameters could be used tode Israel (Taitzt al, 1978) have reported longer C3-C6
very helpful in forensic identification of complete cervicalAP and T diameters on the left side than on the right. In our
vertebral FT remains. These findings were similar to thostudy, while this was true for C3-C5 (Table V), the right T
of previous reports in Korean (Ma#al, 2018) and Spanish diameter at C6 was longer than on the left side, as was the
populations (Quiles-Guifiaet al, 2017) but differed in that AP diameter at C7. By contrast, a study in a Greek population
the C5 T diameter in females in our study was significantfpund that C3, C5, and C6 FT diameters on the left side
longer than in the males. were longer than those on the right, except for the T diameter

Table V. Comparison FT diameters of subaxial cervical spine between Thais and other populations.

FT Sexes Populations

diameters sifiCeS South Africa' American'® Greek! Israeli® Spenish ! Korean'” Indians'® Present study

AP M NR NR NR 548 £0.67 NR 5.26+047

F NR NR NR 5.09 +0.65 NR 5.19+0.55

T M NR NR NR 6.50 +0.87 NR 6.19 + 0.66

F NR NR NR 5.81 +0.70 NR 6.06 +0.71

G A Lt 475408  6.80+0.77 NR NR 4725049 532+0.53

Rt 461082 624066 NR NR 5.03+0.58 513048

T Lt 557+0.88  515+0.51 NR NR 6.36 + 0.54 6.20 = 0.69

Rt 540+0.83  4.89+049 NR NR 6.2 %093 6.05 = 0.68

AP M NR NR 5.60=1.10 5.52+0.65 NR 5.35+0.54

F NR NR 5004050  5.19+0.62 NR 5.25+0.56

T M NR NR 6.50 £1.00 6.46 + 0.98 NR 6.16 £ 0.93

F NR NR 630090  5.96+0.90 NR 6.08=0.78

G ap Lt 493409  6.58+0.80 NR NR 5034084 5424056

Rt 480+0.75  621+0.73 NR NR 4.88+0.88 5.17+0.51

T Lt 540+0.81 5274056 NR NR 5.94+0.84 6.23+0.78

Rt o Eﬁgiiggi oo &?): IRIND sasom 4w06l NR NR 6104092  595+090

AP M T (Lt) = 5.43 £ 2.00 T(Lt)=5.87+0.89 NR NR 5.40 = 0.70 5.80 +0.82 NR 5.56+0.79

F TRY=503£1.97  TRY=3569£104 NR NR 5005120  543+0.50 NR 5.46+0.70

T M NR NR 590+09  6.17+0.82 NR 5.80+0.92

F NR NR 560150 5.8 +0.67 NR 5.9 + 0.96

G ar Lt 5414097 6A1=081 NR NR 5284092  5.64+0.76

Rt 530+0.82 6.14 £ 0.95 NR NR 5.01+091 5.38+£0.71

T Lt 555+08  5.57+096 NR NR 5.96 = 1.00 5.9 +1.05

Rt 53407 515086 NR NR 6.001.17 5.84 +£0.82

AP M NR NR 56£05 6.09 +0.83 NR 5.9 +1.06

F NR NR 54+1.1 551 +0.67 NR 5.65+0.96

T M NR NR 6.5+ 1.6 6.63 = 0.67 NR 6.14+1.03

F NR NR 574070  589+0.65 NR 6.06£1.01

Co a1t 627100 6404174 NR NR 5204127 6.00+1.09

Rt 607+1.22  629+108 NR NR 525+ 1.01 5.64+=0.92

T Lt 589+£091 551 +135 NR NR 574+ 133 6.05=1.10

Rt 581104 5044100 NR NR 5.67+1.10 6.14+0.93

AP M NR NR NR NR 550+ 1.40 NR NR 4.50£0.98

F NR NR NR NR 420+ 1.00 NR NR 4.02£1.02

T M NR NR NR NR 490+ 1.00 NR NR 5.02+1.25

F NR NR NR NR 4.00 + 0.80 NR NR 4.58+1.09

CT ap Lt NR NR 503193 6304105 NR NR 412177 425+101

Rt NR NR 537+1.83 631201 NR NR 4.04+1.42 427+ 1.04

T Lt NR NR 493+ 158  458+128 NR NR 5.18 +2.06 5.07+1.17

Rt NR NR 4.87+1.38 437+135 NR NR 527+1.85 454 £1.16

AP, anteroposterior; M, male; F, female; T, transverse; Lt, left; Rt, right; NR, not recorded.
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g 8s9o 85 o8 at C4 (Zibiset al, 2016). Another study in American population found T diameters
FogEss. HE% dg at C3-C6 to be significantly longer on the left side, whereas those of AP were
8,295 opB83 =N longer on the right (Sangat al, 2015). Our morphometric data may be beneficial
N B8 SeToTe in the interpretation of vertebral neurovascular compression from FT radiographic
5 8.8583, oFN3 o8 images to confirm and remove osteophytes or spurs that may cause reductions in
f_iF R DA FT diameter and compression of the vertebral vessels prior to operation.
§N (=} n o o o
- ° In our study, type 1 was the most common FT shape found at C3-CB6,
- g £33s RE-3 g8 similar to previous results from South African (Abatlal, 2018) as shown in
Table VI. However, type 4 was most common at C7, which was comparable to
LOMEEEE: z & findings in Japanese, Chinese, Indian (Kimetral, 1985) Chilean (Guerret
al., 2017), and South African (Abdet al, 2018) populations. By contrast, a
B-3EE3 g2 study in an Israeli population by Taiz al (1978) found only type 5 FT at C7.
g . Of the five FT types, type 2 (elliptical with anteroposterior direction) is associated
‘i%“’ REST, g8 with the highest risk of compression. Such type may need for surgery of the
2 8 lgoss ‘s vertebral art_ery _to remove osteophyte_s. By_ contras_t, type 3 (elliptical with
cVREsS Y zZd transverse direction) carries the lowest risk of interruption of the vertebral artery,
8 %s8e L which occupies about two-thirds of the smallest FT diameter and just over half
FiEgdsn 28 of the largest (Xtet al, 1995). In contrast to a recent study, the most common
8 loopo . B type was type 1 (approximately 60 %), with type 2 accounting for 2 % and type
FPlatice 29 3 for 20 %.
B8RSy 23
§'§ 8 %o - CONCLUSIONS
GlgFBEE e Zo
g Eolo o wTwLw 23 We conclude that the shape and morphometric parameters of FT observed
% 2 3585 %%%% gm o in the lower cervical spine in Thais were unique and mostly different from other
g PrNER=H Z8 populations. All diameter parameters were longer in male except the T diameter
_g 8olo5338 s of C5. The most common type of FT found in Thai lower cervical spine is type 1.
e
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§ ,2_3 RESUMEN: La variaciéon anatémica del foramen transverso (FT) se asocia con
i Eiw °g33 R o sintomas neurovascglare_s ve_rtebrales y puede causar cpmplicaciopes después de la ciru-
T8 gia de columna cervical inferior, especialmente la insercion de tornillos pediculares cer-
S| &, 533 8 g8 vicales (TPC). La variacion del FT se ha documentado y clasificado en varias poblacio-
'% " AN © nes, ya que esta informacion puede ayudar a aumentar la estabilidad cervical en la cirugia
g— [ . . N s 3 vertepral subaxial. Aunque_se ha informado sobre la morf_ometrl'a de !a columna ce_rvical
ol ¥ & = S8 |2 superior en poblaciones tailandesas, ain no se han realizado estudios que examinen las
8 “ g caracteristicas de FT. Se examind la variacién morfolégica del FT de vértebras cervicales
> 8 p g secas (C3-C7; lado izquierdo y derecho; n = 107, hombres = 53 y mujeres = 54), y se
% % 3 g@g g8 E%% < midieron sus diametros anteroposterior (AP) y transverso (T) usando un pie de metro
S8 I 8523% 5&a |2 digital. Se compararon datos morfométricos y variaciones por sexo y lado. Los FT de C3-
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a C6 en ambos sexos eran redondos, y el FT C7 era eliptico coR@hanov, V. A.; Miller, L. G. & Gaevyi’, M. D. The effect of the vertebral
lado derecho oblicuo. Los diametros del FT no difirieron nerve on circulation in the inner ear (cochl@ill. Eksp. Biol. Med.,
significativamente por sexo excepto para los diametros AP de C6- 72(6310-2, 1973. _ _ _ _
C7y para los diametros transversos de C4 y C7. Los diametros Ap92/: S- K.; Dossous, P.M.; Heineman, T. & Mtui, E. P. Dimensions

. ierdos de C3-C6 ignificati t 4s | | and anatomical variants of the foramen transversarium of typical cer-
lzquieraos de - eran significativamente mas largos que 10s vical vertebraeAnat. Res. Int., 201391823, 2015.

del lado derecho, al igual que los diametros transversos de C4a\; c.: Nathan, H. & Arensburg, B. Anatomical observations of the
C7. Ademas, el diametro transverso fue significativamente mayor foramina transversarid. Neurol. Neurosurg. Psychiatry, 41(2J0-6,

que el AP, excepto el C6 izquierdo en las vértebras de hombres,1978.

que no difirié del AP. La mayoria de los FT examinados eran r#u, R.; Nadaud, M. C.; Ebraheim, N. A. & Yeasting, R. A. Morphology of
dondos. Estos hallazgos deben ser considerados en el diagndsticée second cervical vertebra and the posterior projection of the C2
provisional de sintomas neurovasculares vertebrales causadosg)oPediC'e axisSpine (Phila Pa 1976), 20(259-63, 1995.

la variacion del FT, asi como en el de dafio neurovascular trad13S: A- H-; Mitrousias, V.; Baxevanidou, K.; Hantes, M.; Karachalios, T.
colocacion de tornillos pediculares cervicales & Arvanitis, D. Anatomical variations of the foramen transversarium

in cervical vertebrae: findings, review of the literature, and clinical

. ) ) significance during cervical spine surgegyr. Spine J., 25(12)132-
PALABRAS CLAVE: Columna cervical inferior; 9, 2016.

Fordmenes transversos; Variacion; Fijacién con tornillos
pediculares cervicales.
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