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Correlation of Midbrain Diameter and Gait Disturbance in Patients
with Idiopathic Normal Pressure Hydrocephalus

Suk Woo Yong, M.D., Phil Hyu Lee, M.D., Young Hwan Ahn, M.D.*, Kyoon Huh, M.D.

Department of Neurology and Neurosurgery®, Ajou University School of Medicine, Suwon, Korea

Background: While gait disturbance is an important feature of idiopathic normal pressure hydrocephalus (NPH),
there are only tentative theories explaining its pathophysiology. The mesencephalic locomotor region has been
suggested as the anatomical substrate for the development of hypokinetic gait. We evaluated the correlation
between gait disturbance and midbrain diameter to investigate the role of mesencephalic locomotor region in
development of NPH gait.

Methods: We enrolled 21 patients with NPH and 20 age-matched control subjects. Maximal diameter of midbrain
and pons and the width of lateral and third ventricle were measured at midsagittal T1-weighted MRI and axial
T2-weighted MRI, respectively. Gait disturbance, cognitive dysfunction, and incontinence were semi quantified.
Results: Maximal midbrain diameter was significantly smaller in NPH group, as compared to the controls (14.8+
09 vs. 171=0.7 mm, p<0.001). There was an inverse correlation between the midbrain diameter and the
ventricular width (r=-0.562, p=0.008 in third ventricle and r=-0.510, p=0.018 in lateral ventricle). Severity of gait
disturbance were negatively correlated with midbrain diameter (r=-0.598, p=0.004), but degree of cognitive
dysfunction and incontinence showed no significant correlation with brainstem diameter nor ventricular width.
Conclusions: This study suggests that midbrain atrophy is significantly associated with gait disturbance in NPH.
Furthermore, this study implies the possible role of midbrain structures including mesencephalic locomotor region
in the genesis of NPH gait.

J Korean Neurol Assoc 23(1):35-40, 2005

Key Words: Normal pressure hydrocephalus, Midbrain, Gait disturbance, Mesencephalic locomotor region

NoOE A PRI T T FAZ YA Slek”
A AdrTEolA EatEle Haldole BEo] gy
Qb AN+ (idiopathic normal pressure hydro— H3) o]o] 714 W =] o] Ao 5 EA O 7 Fl= A&
cephalus)> H3JAoll, X8st= QX754 9 /4TS & A Bl UFolch T AeBA RS wyley, wHst

ol WFLOZ WA GAM thl 913 glo] KA g 47
o] oIt} o] F MaAgolst HE IV WA W

Received May 31, 2004
* Phil Hyu Lee, M.D.

Department of Neurology, Ajou University School of Medicine

San 5, Woncheon-dong, Paldal-gu, Suwon, 442-749, Korea

Tel: +82-31-219-5174 Fax: +82-31-219-5178

E-mail: phisland@chol.com

Accepted July 9, 2004

o o
1)
X
Do
n
nE
o
o
o
&
).
ﬂ
olN
L
b <
o&:‘
o
o
L o
N
)
é
=
=°.‘=
_>.:
i
zi

& W] 15 el 58 WA Beol} 5zl ol
7148 9 A Bze] ek Fo] AN gort o7k

SIS 52 ISl FHkEs Haydol

J Korean Neurol Assoc Volume 23 No. 1, 2005 35



52 gait freezing®] 7]30] WA= o v} glovy, 2
FTEAY A7E2 EUlE FX] )% Y (mesencephalic loco—
motor region)o] she] 7Hsdt SH5H4] 7] (anatomical
substrate) 2 AA|EIL ATk P8 ol7toA HuHEFPPHL =
9] FejZ(dorsolateral area)ol] $1X|5tH Hao] Fa7t o
o sk Ao FHA Uk

2 Aol AP BT EAblA Q) dolE
Aoma A AT eAke] Hagolet Fi 9]
A gobizl shltt,

=1 Jlxv

ARl e
R E TR S

20018 19HE 20049 4971 ol=eistmE e AT
15 R AR Bkl SRS Yo 2 5k
AT A (1) B3gAl, (2) AA7]s
Aol () MEL H 8 918 FUE o
(4) 20 ¢cmH;0 0]01—

(o
o
0

e
e
ox

=2
o

o
=)
H_‘

P

'

Doz
J i
o3
1o
B
23
&=
<
o
5-
wn
I
m:{o
V
O
C).’)
’C‘/

o
2

S

2,

S~

2

0 OlN
S~

2%

o
)

2,

~

ol

w10 rlo o £ oL

r
e rlo o
S
« I
T L
4 o
b =
o o
< %5
E it
il
il
;g»
5}
32
o
5
>
;
F

r

r U

i o
Bl

-3

N, o

ol a

oR

of

¥

H
xly
rkil

Aol A GE Signa 1.5 Teslas ©|-8§-5t0] $/42¢l 2+
pape] oo Bgsiel, He] Uulg 245
Z 13 (PiView OCS system, Infinitt Tech,, Seoul,

N
01‘-1
oR
2
~

Llo
o

Slae] =

Korea) W 2t Zo] &4 WS o]&sto] TI-HxFdl
A AZA A (midsagittal plane) @] 5] 9 Huo] o Zo
£ 717} 245150 ck(Fig, 1-A),” $£5Zo)A HAlo] 27)= 7+
Aol vujel WHTH A WAE A= Aer dEA ol
Sl 14 =719 784 242 Slste] axial T2— 424
}o] 2| A(septum pellucidum©] X oj= FQjofl A Zx]A 9]
A 30 AR 29) 0 AR el ulg 2359
thFig. 1-B, 0). ZHzo] o] 242 299| A%x} oAt &
ool olo] Bagrow Agssch

17

ox H I
SN

>~i

IN
9

3. 9 AT 389 B 3=

0]

H3YFol= Larsson 572] Aolo]| we} ubgefa o & thg-o
6EHAIR FESIATHIT A, 20tAl(Begst S Rey), 3
AR o] T2 UdA|go] T o] Hx7) de), 4TA(YF
$ofl 97 5o Bx7|7E dQ), 5THA|(ERIY] &0 Ia),
SA@A 07 DR)]. iAol Krauss 59 A9
2o 4dA| 2 FESIATHOEA (FAD), 1eAI(RFEA
oluf Autir), 2THA|I(RIHSE A, 3TA(AL] Az
7hs3h AEHD]. T3 A7) 5ol Krauss %2394 Zé
2} th30] ATHA| R ESATHOT A (), 154w
/719N, 2T AI(FFEt A7 SHNE Holut 4
AL BE) seARIGEAN],

)

)
a

ro
G oon Bl & oo

Wﬁnﬁi
o o
=

0
_g
u)

~
of
B
s

X

A AT U YUYRTS WA 2 2 i
of 70] vz
ulnlel Qe i 1Fe] At WA R4S flske] Aokt
75“—,—(Spearman correlation test)S ©|-&3}THSPSS version

O

m{m
d£
p;
2
=
o)
=}
::S
&
(0}
S
L
P‘L
%9
,H
o oj
3 5
lo

il

Figure 1. Measurement of the midsagittal maximal anteroposterior diameters of the midbrain (line in A) and pons (dotted line in A)

on sagittal Tl-weighted magnetic resonance images using internal measurement device. Line in B indicates maximal third ventricle

width measure. Maximum lateral ventricle width (line in C) determined at a level at which septum pellucidum remains thin.
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Figure 2. Scatterplot of the anteroposterior maximal midbrain
diameter for patients with idiopathic normal pressure hydro-
cephalus (NPH) and control subjects. The mean value of
midbrain diameter in patients with NPH is significantly lower
than in controls.
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Figure 3. Relationship between the midbrain diameter and the width of the third ventricle (A) and the lateral ventricle (B). These
show inverse correlation between the midbrain diameter and the ventricular width.
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Figure 4. Relationship between the midbrain diameter and gait
disturbance. This shows a significant inverse correlation between
the midbrain diameter and the degree of gait disturbance.
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