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3-D Model of The Oculomotor Fascicular Arrangement
Within The Midbrain Using Brain MRI
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Background and Purpose: The oculomotor nerve fascicles arise along its entire length and sweep ventrally to
exit the midbrain at the medial edge of the crus cerebri. A rostro-caudal topography among the fascicular fibers
is relatively well established. There are, however, some controversies whether medio-lateral topography also exists.

Methods: We retrospectively reviewed the clinical records and MRI of the 8 patients showing isolated
oculomotor nerve palsy due to midbrain infarction. Brain MRI was performed using a 1.5-T magnet with 2mm
thickness and 0.1 mm slice interval. The anterior-posterior axis(X) was defined as the midline crossing the center
of the cerebral aqueduct and the medio-lateral axis(Y) as the line crossing the same point. For rostro-caudal
measurement, the intercommissural line was used as base line of the Z axis. The location of the lesions was
defined by measuring actual distance of the margins of the lesions in millimeter from each axis; anterior, right,
and caudal direction was defined as positive values in X, Y and Z coordinates, respectively.

Results: The mean values and range of the X, Y and Z are as follows: X=7.56+4.34, 1 <X <15; Y=3.43+1.37,
0=Y=6; Z=6.514£3.91, 0=Z=125.

Conclusions: The distribution of all the MRI lesions was 0<|Y|<6 (mm), 0<|Z|<12.5 (mm) in mediolateral
and rostrocaudal direction respectively, which is almost the same as the previously reported divergent range of the
oculomotor fascicles in midbrain tegmentum. We suggest that our method of three dimensional measurements of

the MRI lesion in midbrain tegmentum could be a useful tool for the study of oculomotor fascicular arrangement.
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3D-Model of Oculomotor Fascicles in Midbrain

Fig. 2A. Meaosuring method in the axial plane. The anterior-posterior axis(X) is defined as a midiine crossing the
center of the cerebral aqueduct and the medio-lateral axis(Y) as a line crossing the same point. The distance
of the lesion was measured in millimeter from the each axis. In this patient, the range of the lesion measured
by this method is 4 mMM<X<9 mm and 0 mMM<Y<6 mm.
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Fig. 2B. Measuring method in the saggital plane. The white dotted line(*) represents the intercommissural
line crossing the anterior and posterior commissures. The red dotted lines are parallel to intercommissural
line. Range of the Z value can be cdlculated as follows; 2(n-1)+ 0.1(n-1) mMmM<|Z| < 2n+0.1(n-1) mm
where n is order of the slices from the intercommissural line.
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Fig. 3. Range of X of the lesions.
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3D-Model of Oculomotor Fascicles in Midbrain
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Fig. 4. Range of |Y| of the lesions.
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Table 1. Characteristics of the patients.

Involved extra

No. Sex/ Age Pupillary dilatation ocular muscles Associated factors
1 F/50 - LP, MR HL, HTN

2 M/36 - (@) -

3 F/71 - IO, LP, SR DM, HL, HTN

4 F/71 + IR, MR HL, HIN

5 M/60 - IO, IR, LP, MR, SR HTN

6 F/57 - IO, LP, SR HIN

7 M/55 - IR -

8 F/49 - 1O, MR -

DM, diabetes mellitus; HL, hyperlipidemia; HTN, hypertension; IO, inferior oblique; IR, inferior rectus; LP, levator palpebrae; MR.

medial rectus; SR, superior rectus

Table 2. Range of the X, |Y|, and |Z| values of the lesions.

Involved  ocular muscles X Y] |Z]
Pt 1 LP, MR o~11 4~6 10.5~12.5
Pt 2 (@) 13~15 5~6 105~12.5
Pt 3 IO, LP, SR 10~13 3~6 42~8.3
Pt 4 IR, MR, Pupil 2~ 6 0~6 0~6.2
Pt 5 1O, IR, LP, MR, SR 4~ 9 0~6 42~104
Pt 6 IO, LP, SR 6~13 0~4 6.3~104
Pt7 IR 6 2~3 2.1~4.1
Pt 8 1O, MR 1~ 3 1~3 0~2

(& mm)

IO, inferior oblique; IR, inferior rectus; LP, levatfor palpebrae; MR, medial rectus; Pupil, pupil constrictor; SR, superior rectus
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3D-Model of Oculomotor Fascicles in Midbrain

6. sHA @& whHIE ®Ql HW Y |z HelE 21
mmol| A 4.1 mm Abo], 22 vln|o] FuiEo] 3
T w7 YERd WY Z) B9E 0 m

7 w7 ESUS ssk A%tE 40
42 mm<|ZI<12.5 mmO.Z2, FAESHLD

e F3R FHE B A0 Az
8. T4 T FUABE wj Lo it Aol +
=72 A48d - 9)

59 5
tﬂ o o} AL
AT 2A49
the aqueduct of Syl-
vius) A F(midline) -‘?']-]’5‘}”1 B olE ¢
somatic cell columns$} %S ©|FA &L st cell
column®] ZAAZHOZ va Helel FZE sl
E]_.IJ,G-S
S ofgl S0 WL HellA ol E AT
E HE Fuzkil o] /x)sty 1 ot & s}
21 o}dl(dorsal column®ll 3|)F SpAFE o}l (inter-
mediate column®l o] YAt 7} o Fol =
caudal-central &} 3} 22 ©}3(medial column®l 3
o] HlEd=o] 9lom YA o}8l(ventral column®] 3
D2 7HE BZo $1A3k= subgroup AE E 33
TS Y] 332o) v o] Bxeh” Y,
AL, sHA 2 ofgl S R EE VA= A Afe
59 YAES Aujsted], A2 ofgolA 1Al
= sHAAY 8t 173 Aol A &
S E ot Fste] B
gl 9> FohalAs HakA < “]

o,
nZ:
;e
A
<
N
N
X

O

f

P
>
o,

A fot! Bk B 9%S 9 gl
+ Edinger-Westphal nucleust= Aol = 2719 E2d
AZFo 2 = Yo7t #5002 7HAA stUE <
AFE 722 AA somatic cell columns®] &= 3/5
A& AR5 F= ciliary gangliono] AT
A %%Lxﬂoﬂ*‘] 7IAE TGS Y
%4+(medial longitudinal fiber)S S8t 2 & (red
nucleus), 32 (substantia nigra), ™ th&](cerebral ped-
uncle) W= ZA 2] (medial edge)ES 531 AF9U3} &
o g WA Yo, W T5E THetEA A
e FWFOE 6 mm, THFOE 10 mm7HA EA
A7t SHTE WS 2AgZ wA yer] A3

ol SRiEo] BAIARE FABL B A

[.

¢

o

o Aol HE F A IS FUE FH )
AR PEEe Fne) Anes srgiA o

SF 6 mm ©e He oA er%}E]AAv—EQ(Flg 4),
intercommissural lineS 7|22 34 12.5 mm ©|4
o] Weo A5 A =H(Fig. 5), ol AA FAA
o] &zl H ek H2((0 mm<|Y|<6 mm, 0 mm<
1ZI<10 mm)9} frARRE 23S HAT wEhA, o 247
SHARZIE o] &3 FHF A W] A3 Uy
& Egs dFete ° f83 =771 2

-
fe) 7,8,14
£E 98 Aoz AZED
Q)
=

WA o g FAASL mhHlE A A X o)dRE

5, Z& fvp] 53 A Uehtes Zlo] BEolARt
EEA vE HAARE 4 glol & A 1t
17} Yebvhs 2971 ok’ o)A Fekal o] A

st RIS TS FoA dRUS AdH
o2 FAHse A 584449 intra-axial topogra-
phic arrangement®] EAE AlARSHE 9H SA7F
2 F Adet AF =01, &5 SHAE vhHIRko] U
¢ A9 02 A4 24 glo] yehE 4% &
A, sHA 2 w39 AW flo] stake, A,
W22 283 =AEESHT v @4 vehd 7
—or(reference) T AW AYg QI w7}

BE
A A= 7 $(reference)ol] gk Ry Eof 7] %3}
FUHAALS] £ A wjdo] ik =97} o] T
A= 19909 Castro (reference)S w7/ EH
nHH & FRbekA] & WAl wielE BaE Aol gl
Roew =AEEHTH WA vhHl7F dAsA A
o] Yepd Ha ¥ FuFe} FukEol Yehe



BFHS 2| 409]
Pupil IR P/ MR SR 10
S— —— — —
Pt 1 datyjas | 1 L)
pe2 SaXlas L 2
pr3 dayjes f L) ] [A i
pr g tdLY1E ; |
Castro™ S
medial ¥ |ateral
IO, inferior oblique; IR, inferior rectus; LP, levator palpebrae;
MR, medial rectus; Pupil, pupil constrictor; SR, superior rectus
Fig. 6. Oculomotor fascicular arrangement of the Castro’s model. The striped black bars are the cases,
including our cases and other reported cases which are in good accordance with the proposed
model,”® whereas the stripped red bars are not. The stippled red bars in patient 3 and 4, representing
saved axons in the midst of a single continuous lesion, could be a proof that this model has a fallacy;
the position of the LP and MR are mispositioned. Refer to text for further explanation.
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3D-Model of Oculomotor Fascicles in Midbrain
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Refer to text for further explanation.
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