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(Fig. 5A, g and h). Moreover, a mirror loss of function mutant
mirrs#P3 similarly suppressed the rough eye phenotype (Fig. 5A, e
and f). The mirror gene encodes a homeodomain-containing
transcription factor that is thought to activate transcription of
rhomboid {36]. In addition, immunostaining of eye imaginal discs
with anti-dpERK antibody also pointed activation of ERK signals
in the Caz knockdown flies (Fig. 5B). These results indicate a
genetic link between Caz and the EGFR signaling pathway.

Discussion

In this study, we found that Caz knockdown in eye imaginal discs
induces a rough eye phenotype associated with apoptosis, abnor-
mal differentiation of cone cells and pigment cells, and defects in
ommatidia rotation in pupal retinae. However, apoptosis and
differentiation of photoreceptor cells were not affected in larval
eye imaginal discs expressing Caz dsRNA. Why did Caz knock-
down in eye imaginal discs affect pupal retinae but not third
instar larval eye discs? In situ hybridization and immunohisto-
chemistrical analyses demonstrated that Caz mRNA and protein
are enriched in the brain and CNS during embryogenesis, and Caz
protein was detected in the nuclei of several larval tissues and in
imaginal discs [21]. However, the expression level of Caz is higher
in adult eyes than in larval eye discs (Flybase). Thus, it is possible
that Caz plays a more important role in eye development in the
pupal stage.

The observation that the rough eye phenotype of Caz knock-
down flies was significantly suppressed by co-expression of P35
and that apoptotic cells detected by immunostaining with anti-
cleaved Caspase-3 antibody were significantly increased in pupal
retinae of flies expressing Caz dsRNA suggests that induction of
apoptosis at least partially contributes to the rough eye pheno-
type. It is reported that the number of dying cells increases
dramatically if interactions between cells are disrupted, for
instance upon cell ablation [37]. Therefore, one possible explana-
tion is that Caz knockdown disrupts interactions between cells in
pupal retinae, as evidenced with anti-Cut immunostaining, that
results in induction of apoptosis. In addition, it is well known that
apoptosis is induced by JNK or p38 signaling [38-40]. It is also
reported that persistent activation of the JNK or p38 signaling
pathways mediates neuronal apoptosis in ALS [3-7,41], and that
TDP-43 is related to JNK signaling [42]. Thus, another possible
explanation is that Caz knockdown induces JNK or p38 signaling,
resulting in increase of apoptosis in pupal retinae.

We found a genetic interaction between Caz and Rhomboid, a
rate-limiting component of the EGFR signaling pathway. Appro-
priate levels of EGFR signaling are required for cone cell-fate and
ommatidial rotation [30-33]. Knockdown of Caz in eye imaginal
discs and pupal retinae induced abnormal differentiation of cone
cells and defects in ommatidia rotation that eventually resulted in
the rough eye phenotype in adults. The rhomboid-1 mutant
rescued the fusion of cone cells and mutations of rhomboid-3
and mirror significantly suppressed the rough eye phenotype of
Caz knockdown flies. In contrast, mutations of EGFR did not
suppress the rough eye phenotype induced by knockdown of Caz
(data not shown). These apparently contradictory results might be
explained as follows. Once activated, the signaling cascade could
be amplified progressively, so that only a half reduction of some
components of pathway such as EGFR may not be sufficient to

suppress the effects of over-activation of the initiator such as
rhomboid. In any event, the present study suggests that Caz
negatively regulates EGFR signaling. Since the expression level
of Caz is much higher in adult eyes than larval eye discs, negative
regulation of EGFR signaling by Caz may play a role in controlling
EGFR signaling less reactive to oxidative stress during adulthood.
It should be noted that a hallmark of ALS is chronic neuronal
exposure to oxidative stress and inflammation.

In summary, we have shown that knockdown of Caz in the
Drosophila retina induces a rough eye phenotype associated with
increased apoptosis, abnormal differentiation of cone cells and
pigment cells, and defects in ommatidia rotation. Here we provide
the first definitive evidence that Caz plays an important role in
regulation of the EGFR signaling pathway. It should be noted that
the neurodegeneration occurring in ALS can be accounted for
deviation from strict control of MAPK signaling [3]. Thus, the Caz
knockdown flies used in the present study should provide a useful
tool for elucidating functions of FUS and pathological mechanisms
of associated ALS.
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Abstract

Diagnosis and care of Charcot-Marie-Tooth disease

Masanori Nakagawa, M.D.”

"Division of Neurology, North Medical Center, Kyoto Prefectural University of Medicine

Charcot-Marie-Tooth disease (CMT) is the most common form of inherited peripheral neuropathy and the prevalence
rate 1s about 10/100,000 population in Japan. Next-generation sequencing techniques discovered more than 50 genes for
CMT. Genetic diagnosis of CMT with genetic counseling is critical to speculate the prognosis, complications and
therapeutic research development. Surgical therapy, rehabilitation, casting therapy, and weight control are useful to keep
health-related quality of life for CMT. Although the disease-modifying therapy for CMT is not available now, new clinical
trials to improve QOL are now on going. CMT research groups, which consist of researchers and CMT patient
association, are organized in Japan with support of Grants-in-Aid from the Ministry of Health, Labour and Welfare of
Japan. It is the most important to listen to what afflicted patients may want to share with medical doctors.

(Clin Neurol 2014;54:950-952)
Key words: Charcot-Marie-Tooth disease, exome sequencing, clinical phenotype, therapy
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Three-dimensional analysis of foot alignment under weight-bearing condition.
— effects of aging —

Daisuke SUZUKI, PhD. Kota WATANABE, MD, PhD. Atsushi TERAMOTO, MD., PhD.,
Yuichiro KII, MD., Tomoyuki SUZUKI MD, PhD., Satoshi NAGOYA, MD,, PhD,,
Toshihiko YAMASHITA, MD., PhD.

Abstract

The purpose of this study was to assess the effects of aging on arch deformation using com-
puted tomography (CT).

Sixteen healthy subjects were divided into a younger group (mean : 27.9, range : 27-29) and
elderly group (mean : 53.0, range : 45-65). CT images were acquired under the condition of
weight bearing (1/3 of body weight loaded) and no weight bearing (2 kg loaded). The 3D
computer foot models were reconstructed from CT images and 3D motions of the eight bones
constituting the medial and lateral longitudinal arch (the navicular, medial cuneiform, 1st meta-
tarsal, 1st proximal phalanx, calcaneum, cuboid, 5th metatarsal, and 5th proximal phalanx) were
calculated by six degrees of freedom, which included the three translational and three angular
motions (medial/lateral, anterior/posterior, and proximal/distal, and adduction/abduction, inversion/
eversion, and flexion/extension, respectively). \

The mobility of each bone in the medial and lateral longitudinal arch was markedly reduced
in the efderly group compared to the younger group. The differences were significantly larger on
abduction and eversion at the talonavicular joint, extension at the cuneonavicular joint, and flexion
at the MTP joint in the medial longitudinal arch. In the lateral longitudinal arch, the motion was
significantly larger on abduction at the talocalcaneal joint, abduction and eversion at the calca-
neocuboid joint, abduction and extension at the TMT joint, and inversion and flexion at the MTP
joint.

The differences in foot arch deformation between the younger and elderly groups were
greater than our prediction. The reduction of arch deformation might be brought about due to a
decreasing shock-absorbing capacity. The present results may provide important basic data to
analyze the pathological onset mechanism of foot diseases.

Key words : foot arch, three-dimensional image, weightbearing CT, three-dimensional kinematics, Age change.

%1 ABERASEGTS  EBHBREMREE  T060-8556 ALBHTRRE—4E+ET B
X2 LRERAEREERSGEEREERE  T060-855% ARTEAREEATHETE
K3 ARERAZESWERAMEME  T060-5543 ALMHHARE £ +ATH

Corresponding Author : Daisuke SUZUKIL Department of Musculoskeletal Biomechanics and Surgical Develbpment, Sapporo

Medical University. Southl Westl7, Chuo-ku, Sapporo, 060-8556, Japan. -
Tel: +81-11-611-2111 ext. 3920 Fax : +81-11-618-4288 E-mail address : daisuke@sapmed.ac.jp



BRRNA F A H =2 X, Vol 35, 2014

&

BT — i, AREET —F, ST — 7,
BT —FrbBREN, WERIZIIALDT —
FAERD LD X,
HoNnTWwb (truss mechanism)®. B7—F
BEBBLHEBICL - CHESH, RERE,
EREWE, SRENH, zfuyfﬂ% =
FBUEISAER 2 OB D L, BRIEEH
7 EOBEED CRESRLTVS.

BB e o 22 B E D56, 7% X PIEIE T — 5
AN, BT —F kARt ik oT
BEICA, 5 EHEEZ B SET0EY. 20k
DRT —FAWMEICL->T, LDL) ERE
T 5O ITEFMXEEY 2CTV Y 2o TH
RENTET. BICRART —F ORI, R

o

RO MR RET® Lo R REEREOS

Bi%e, ZNODOFMBEOFM CEETHL T
EPMEESNTEL., —FT, REREDOHBKRY
FHlcKE LS HEDPEIN, BEZEOT —FE
{LIEHFOERINTI ol MK EE
TROZELLT, WJEEIBSTEHED—
B EHREMET T4 EXONDDS, 1T
BIZLDRT—F OB, T—F2BHT S
BEHOB X ENL SWRT T L0013 &
AERREN TV, FRHEERORT —
FEBRT AEENOHEIIOWTDH, 3KRT
HEEFMI—HOMM ZzBREZINTVE
W, ERSEIZOMETHLMIT LD, F
WMEFGRUHMESGTCTHREEZB I 20w
EHRICBIU 2 WA T —F (st ray) - FMA
#e7 —7 (5th ray) @ 3RITCWEALZEHHIL,
FAERE L AR THOEBRE L.

WEZRIRS S EH

PR Jap- -

WERETIARAY VEEOLWEERSR
N (CF¥927. 9%%, 27~20%) & hEERES A (¢
#53. 0%, 45~65m%) & L72. MEELDIRER
BLUONRFRETIER < (O EREA208 L
T, Calcaneal pitch 15EELLT, HEEHE—HE
BEASELUT), BioiMERER T2 v,
FEBEITELTED N o772, KT
T4 T OREEN, TEREHIEROEENE
FOLRWEEL L BINLOBED T
BoRBIEERERE 2, EEFEE1, By
HEfL 1, SMEUBEEES2, BWEBROEEL,
ERMEESEL THH. SEHEOERH, B,
AVICRERESS, calcaneal pitch, HEE—&8—HE
FAZEHAL, FmL BLHDINIFERENS
W ERERLA (E1).
CTHRESLUVT—4EH

BN, REEEIFREALE L, BEHOMWER
& (L-Spine, Dynawell Int.) % H W, FEMTE
FHhBLUOWELEHOHREEZITo7:. ZOEE
BREENY FTEB SNV vy M EH
L, NV FzfEosIEI2Ly, WHEEEZEL
SEBLIENTEDL. FHERKIZEDOT I 4
AV INEREZLIORM 2kg DEITTE, E
SR i)#;'i{blﬁiiwl/B%ﬁ'ﬁL?”’ nB, Z
DEBECTHMEEZ 2T 84, EEEOERI
RRWHLIbOD, & \Z’E WFVTED S D
EHARTHEIR T B X OPAVE T ) O FE b
MBI EEE RO R 72"

WEICLoTHRLNADICOMT — % k2
Y¥a2—% V7 NEMEHALIRTEELL
(Mimics ver.16, Materialise, Belgie). = O ##
KENTHELOLZEXHTBLTCSTLY7 74

# 1. Properties of the subjects.

EEH(N=8) P EEH0N=8) p &
&R (B 27.9 (27-29) 53.0 (45-65) 3.2x1070%*
.4 8:0 4:4 0.0047*
NREHAC ) 13.5+4.2 ' 17.9+6.4 0.095
calcaneal pitch (°) 257+44 21.2+56 0.13
EEFE—FREAC) 19+18 3.58 +1.91 0.092
*:p<0 05
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1. One example of superimposition of the
weight and unweight bearing model. A.
the weight bearing model shifted laterally
compared to the unweight bearing model.
Dorsal view. B. Lateral view. The upper is
weight bearing. C. Medial view.
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‘X2. A. Translations of the navicular to the talus, B. Rotation of the navicular to the talus.
C. Translations of the medial cuneiform to the navicular, D. Rotation of the medial
cuneiform to the navicular. * shows p < 0.05. '
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3. A. Translations of the first metatarsal to the medial cuneiform, B. Rotation of the
first metatarsal to the medial cuneiform. C. Translations of the first phalanx to the
first metatarsal, D. Rotation of the first phalanx to the first metatarsal. * shows p < 0.05.
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B 4. A. Translations of the calcaneus to the talus, B. Rotation of the calcaneus to the
talus. C. Translations of the cuboid to the calcaneus, D. Rotation of the cuboid to the
calcaneus. *shows p < 0.05.
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5. A Translations of the fifth metatarsal to the cuboid, B. Rotation of the fifth metatarsal

to the cuboid. C. Translations of the fifth phalanx to the fifth metatarsal, D. Rotation
of the fifth phalanx to the fifth metatarsal. * shows p < 0.05.
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7. Translation of each bone centroid including 1st and 5th rays. Left lateral view. A. 1st ray of younger

group. B. 1st ray of elderly group. C. 5th ray of younger group. D. 5th ray of elderly group.

% 2. Three dimensional translation of the centroid of the bones in the medial and lateral

longitudinal arch.

Medial Longitudinal Arch Navicular M. Cuneiform MTT1 PP1
younger group . lat/med 4.1%21 10.0+5.8 15.9+8.8 19.1£12
ant/post 1.0+ 0.6 35+24 6.4+3.8 84+47
prox/dist -06+x04 -29+2.6 -8.0+ 5.1 -85+56 ..
elderly group . lat/med 1.5+0.8* 3.2+1.6% 53+3.1* 7.7 £4.8*
ant/post 04+04* 1.1+£0.7* 24+28 3.1+£1.8*
prox/dist -0.5+0.5 -14+1.1 -45+£29 -5.8+3.8
Lateral Longitudinal Arch Calcaneum Cuboid MTT5 PP5
younger group lat/med 16+08 6.3+4.2 11.1+£93 221+21
ant/post -0.5+07 -1.0+1.2 -06+26 -1.7+26
prox/dist -04+04 -4.2%22 -8.2+5.2 -13.2+5.2
elderly group  lat/med 0.6+0.3* 27+£1.4 55+28 8.3+4.1*
ant/post 0.1+£0.3* -0.3+05 -0.9+1.0 -1.4+1.6
prox/dist 0.0+0.2* -27+1.6 -54+3.2 -6.2 +4.3*

lat/med: lateral translation was plus and medial translation was minus value. *:p<0.05.
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Functional Analysis of the Lateral Ligaments in the Ankle Joint Using
6-DOF Robotic System.

Satoshi YAMAKAWA, Takuma KOBAYASHI, Kei KIMURA, Kota WATANABE,
Daisuke SUZUKI, Toshihiko YAMASHITA, Hiromichi FUJIE.

Abstract

Ankle sprains are common injuries in daily and athletic activities. Better understanding of
ankle biomechanics is therefore important to improve the clinical outcome following treatment.
The objectives of the present study were to apply a 6-DOF robotic system to the ankles in a
biomechanical cadaver study and to determine ankle joint instability due to transection of the
anterior talofibular ligament (ATFL) and the calcaneofibular ligament (CFL) in response to either
anterior drawer force or inversion moment on the human cadaveric ankle joints. Human ankle
joints (n = 5) were dissected down to the joint capsule and fixed to a 6-DOF robotic system. The
anterior translation test (AT test) and inversion rotation test (IV test) were performed for the
human ankle joints at —30°, —15°, 0° and 10° of dorsal flexion. In the intact ankle joint, anterior
displacement was 3 mm in response to 30 N of anterior force at —30 degrees of dorsi-flexion,
increased to 5.2 mm at 0 degrees of dorsi-flexion, and then slightly decreased to 4.6 mm at 10
degrees of dorsi-flexion. Anterior translation significantly increased after transection of the CFL
and ATFL. In the IV test, inversion rotation of the intact joint was approximately 8 degrees in
response to 1 Nm of inversion moment at all dorsi-flexion angles. Inversion rotation significantly
increased after transection of the CFL except at —30 degrees dorsi-flexion. These trends of
increased joint instability were similar to the data reported by previous studies. This study
suggests that the robotic system is applicable to future studies of ankle biomechanics such as
analysis of ligament function or effects of reconstructive surgeries.

Key words : Ankle joint, Anterior talofibular ligament, Calcaneofibular ligament, Joint laxity, Robotic system.
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2. Ankle joint coordinate system.
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5. Inversion rotation of the ankle joints in
response to 1 Nm of inversion moment.

oz o=
AHFZE T, B@'E"ﬁjJ HEBORY Y AT A

%E@%Kﬂ%?é*k%@%ktt‘Lf’
WEIN-REEOBIERICO- &) EBEIZ
JxEmz, E%k%m@%ﬁ@%ﬁfﬁﬁﬁ%
HFELLENERZRHE L.

ATEEIZHBWT, CFL + ATFLT Tldintact
WCHRTEREICUATEAERICBE Z25
L7, BIAHERRETIE, BIHBEIOFHEM:
CFL D #EATHIA & 13 8% 5 —F T, ATFL
OEFETFMEIZERT 5720 ATFLICHE
TIRFEELLTWIRETH Y, ATFLUIEERIC
BEBEISHERL--DEEZONE, WY
HEOHREBIBEDRENP S ZDREEMIIBANT
Thotz. L, EEMCTEIEELEFTOR
fE2%E8 £ 0, BAEOMMEICEE 2B e RITT
Bk b:0THsreEILLNA.

IVRERICBWT, BEEIZCFLT CRERE
3wuﬂtﬁﬁkﬁmbt.bmﬁuf
CFL DI EATH A 2 LB T I
DL CFLICEN S EA LT WIRETH
D, CFLYBEIC X Y BBENE R LD L
ZxoN5b. CELEBEOBEI, EE30° L

TRIZIZEBETH- 2. ZOFMTIE, B
BARREEIC R E B0 2 <, ¥R ORI ETRI %
W RIETE @@Hﬁﬁkﬁthfwttwt%
Zbihh.

%@%%ﬂt?~7@Aﬂmm%%@ﬁﬁ
BEEHEMPLCFLUEMHZRONTZ L BEEMH
MO, BEOHEHE D L FE L%
WbDTHhol: BHEEBEROLBEBEDHD,
FEBIER I BRSS L - B R a Ry bV R
?A%E%n@ﬁiﬁ%h%mm?é EWT
EYARE S S O¥ (WA

&

MEhERBa Ry P AT L FEEEOR
FHEWRER L UHNZ LE— 2V MERA
BICISHT A EATE 2 SMIEAT % CFL
PO LGS ORBHOMFBRHER
CFL & ATFL W 8 Y BE R (ZBEE (TR L,
FOBKEBIHEMISEENTAEI VW &,
BLUOWHZ LBEEIZCFLEMYIMCTH
BICHAL, ZOBABIBEEEN, B

%



FRETEIE-ZETHAHI L, ool

<H B>

RAFEIT) D72, BEERIREE
(ZEEHFEB, 25282134), B LU HAKEHRET
LHEMNTEE (BELEE) OXELZIT7.
HEEETA.

X X

1) Bahr R, Engebretsen L, et al, Mechanics of the
anterior drawer and talar tilt tests, Acta Orthop
Scand, 68 (5) : 435-441, 1997.

2) Choisne J., Anderson C, et al, Influence of kine-
matic analysis methods on detecting ankle and
subtalar joint instability, ] Biomech. 45, 46-52,
2012.

3) Fujie H, Arai S, et al, Application of robotics to
palpation of injury of ligaments—development
of a new method of knee instability test, Tissue

5)

6)

7)

BRR/SA A X Ah =2 X, Vol 35, 2014.

Eng-BED (ASME), 14 : 119-122, 1989.

Grood, E. S., Suntay, W. J., Ligamentous and
Capsular Restraints Preventing Straight Medial
and Lateral Laxity in Intact Human Cadaver
Knees, ]. Biomech, 105, 136-144., 1983.
Rosenbaum D., Glaes L., et al, Tenodeses do not
fully restore ankle joint loading characteristics :
a biomechanical in vitro investigation in the
hind foot, ] Bone Joint Surg [Br], 80-B : 162-8,
1998.

Warterman B, Belmont P., et al, The Epidemi-
ology of Ankle Sprains in the United States,
Am ] Bone Joint Surg, 92, 2279-2284. 2010.

Wu G, Siegler S, et al, Standardization and
Terminology Committee of the International
Society of Biomechanics. ISB recommendation
on definitions of joint coordinate system of various
joints for the reporting of human joint motion—
part I : ankle, hip, and spine, J. Biomech. Eng.
(ASME) 35, 543-8. 2002.



World Scientific

www.worldscientific.com

Journal of Musculoskeletal Research, Vol. 17, No. 3 (2014) 1450012 (9 pages) [
© World Scientific Publishing Company \\
DOL 33.1142/30G21808

THREE-DIMENSIONAL ANALYSIS OF THE TIBIOTALAR
JOINT OF INTACT MALE FEET UNDER UNLOADED AND
AXIAL-LOADED CONDITIONS

Shuhei Nozaki**, Keigo Taniguchi', Kota Watanabe'
and Masaki Katayose'

*Graduate School of Health Sciences
Sapporo Medical University, South-1, West-17
Chuo-ku, Sapporo 060-8556, Japan

tSecond Division of Physical Therapy
Sapporo Medical University, School of Health Sciences
South-1, West-17, Chuo-ku, Sapporo 060-8556, Japan
*nozakis@sapmed.ac.jp

Received 29 July 2014
Accepted 17 September 2014
Published 23 October 2014

ABSTRACT
Purpose: We investigated the distribution of three-axis rotational directions of the tibiotalar joint in
intact feet under axial loading and categorized them according to the combinations of the three-axis
rotational directions of the tibiotalar joint as three-dimensional (3D) rotational patterns. Methods: The
differences in rotational orientation of the talus relative to the tibia under unloaded and axial-loaded
conditions were calculated from the 3D models of the tibiotalar joint that were reconstructed from
magpetic resonance (MR) images in 27 intact male feet. Results: In the sagittal plane, the talus rotated
into plantarflexion in 63% of the feet and into dorsiflexion in 30%. In the coronal plane, the talus
rotated into inversion in 37% of the feet and into eversion in 33%. In the transverse plane, the talus
rotated into adduction in 85% of the feet and into abduction in 4%. A total of 10 3D tibiotalar joint
rotational patterns were observed under axial loading. There were no significant differences in the
frequencies of the 10 tibjotalar joint rotational patterns (p > 0.05). Conclusions: The 3D tibiotalar joint
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