19 45

[ S E VAN 279N

ALIREEPEAS

Sapporo Medical University

SAPPORO MEDICAL UNIVERSITY INFORMATION AND KNOWLEDGE REPOSITORY

Title
=

TRV IRIEIED A T = K L

-
=

— IR L E T E DR

Author(s)
5 &

R, HE—

Degree number
PR EES

H2 27 &

Degree name
Fh DR

it (EERES)

Issue Date
FANREFAA

2014-03-31

Original Article
JRE#RX

Doc URL

DOl

Resource Version

Author Edition




3 D

| REEEREHER BLRREH
ERREE - FEREY X
ﬁ*ﬁ% Y AEBTYE HF

$gme 10DPO1
X 4% 58 #—

B4 (BAFE
%fﬁ%:{:ﬂ%f‘@fﬁ N {gw;g[,,s]f"g@%@

A ARG (Ze5E)

Pathomechamcs of Acquired Flatfoot -Influence of cyclic overloading-

EE
BFEEE

BRI AEHEINL, ADLLT@U@#%W%Zbvz&bf&ﬂkm#é
EBIZZDR PLRIREEFROLIEC 222D, BEEHRAECEST
%, FBMEDH B REO T —FHEIHFH I F— b LB R— Mo Lo,
ABEAALTH DT B, ROTH, BEBEHIIET—FOXRKCH
LbEERBNYR— L END, EFREICEOC, BEFHOBMEEC L |
D, EFEEERTI, BEOICE T —F T2 LABALN L 2o,
LA LB O REMEBEEIC T2 EBICo0 T, BEAKRSMb-EB40RT
—F DORFEHLRECITHA LN TR, KFFEOBAIR Y IR LWESLRMEICT,
SERERRIE L B L TR 2 BE L e BN E CHRIERHIIR T —F & O 18
THEDE D MEEBDICT B2 L Th B, -

BRI

FHRICITREEREADTIRE 21 4EH L?‘_o Ti%qﬂ 1/3 OB TEIN L.
RS O TERIEA: FAIICER Sem DT 7 INFa—T7%FEL, 2mm O
Kirschner VA ¥ — L BEAY M CTEHE L, FTIRIIREHFRMICTHI AL A |,
D7 ICBRE L, 0~500N F 71k 0~1,000N (1Hz) O#EIZT 10,000 +
ANV IRLTEICIX %ﬁﬁ&@ﬂﬂ.%&i@%@\ﬁﬂ)%ﬁﬁ
L. 32N kfﬁﬂ‘“%’ﬁ%%ﬁ’?l L7z,

X% 3 BT oT, 500N DV R LI EIZRT L. 47L~73<%—§7~LC‘C’&H‘§§

Bz 32N TEIEIZ 5|35 B (normal Tibial Pesterior (TP) group, n=7).
500N i ) SR LIWEITKS L fﬁﬂ“"m’ﬁ%%%*—@'l L 728 (non TP group, n=7), |




& HICIER Z48E Lic 1,000N O#2 Y B LFEICX L, F—RE—F—ITTHRE | -
EfplE% 32N THI#IZ 5|3 58 (obese TP group, n=7) & L7z, 1.6 x 0.8 mm
ERRERNES A F— 1 (LED) 2B/NROBEIC LY ARENUEICRY
. CCD # £ FIZTE=F—%1T>7z, CCD H A7 T L7 LED 0)7’6%
| 0.06mm DFEE (0.02% 7 NVR & —N) I TEHERICEHR LT,

1¥A 7N 5N U EOBHE L ER S, RRFTE L BMIETOMREH
ZEELE, 7T—FEHDZELIX Bony Arch Index (BAI) L TEHE S iz, BAI
RERRIZTAMAREETHY . 021 RiFERER L L, 1000 1 7 1ED. |-
BATE L B/MTED BAI % . normal TP group. non TP group. obese TP
group @ 3 #%:J_ﬁﬁﬂﬁﬁ’ﬂﬁﬁ LB EHE %Fﬁb‘fkkﬁi L7, 75‘ Bk 5%
&Ll

,B%%% :
%ﬁﬁﬁﬂ#@@;@@ BAI . 0.239+0.009 (normal TP group) 0.239+0.014

" (non TP group) X 0.235+0.018 (obese TP group) TH o=, obese TP group
i% 1,000 %4 7 VL&, non TP group iX 3,000 %1 7 VEAREIZ BAIL A% 0.21 5% |
¥ & 72 > 7=, —75 .normal TP group IZ BAI 2% 0.21 PUEnE *Th o, 10,000
YA I N%, FRFERO BAI iE, 0.212+0.011 (normal TP group), 0.196 |
+0.015 (non TP.group) & 0.161+0.019 (obese TP group) Thol, |
BT ERD 1,000 ¥ 7 /LT, obese TP group iZLOEFED LY ‘bﬁﬁk‘[&b\
BAI %R L. 1,000 ¥4 7 VEA bR~ IZHD Lis,

E5 _ .
EXAMCREREHOBEIC L) BT —FRES S, —F, EREE
| ELEBHERG T CREBEHIEELTH TS, BT —FOBSRMERET|
ET. EOBRBRLCRT—FIHETLE, Thi, BB L > RERGEC |
L CHREEHOBNY R— F TREBHELHETERNI L, EbITED
BRRATIRYBEESNDZ LT, Ry CRT—FIRETFTL TR 2#ES %X
HRFER~ED THERETRT 5, | |

=H | |
BHEDOFERRT —F 2T 3= DITHETH B,




Abstract
| Aim

Overwelght repeatedly burdens on foot and ankle as a mechanical stress
during ADL. The mechanical stress causes posterior tibial tendon |
degeneratmn, and eventually induces painful flatfoot. The flexible arch
structure of foot is maintained by static and dynamic supports in human
movements against gravity. The TP muscle is .know_n as a most importaﬁt
‘dynamic support of the arch of the foot. Previous studies demonstrated that |
the TP muscle could maintain the foot arch. dynamically, even if repeated
normal loadings were added. However; it is still unknown that the dynamic
support of the TP muscle could preveﬁts the arch structures by overweight
loading such as obesity. The aim of this study was to investigate that the TP
muscle could maintain the foot arch height during cyclic axial loading with
overload - assumed obesity compared to the normal loadmg assumed |

non'obese cond.ltlon

. | Methods .
Twenty one fresh frozen cadaveric legs were used. Each leg was cut at the

proximal third of the crus. The proximal edge of each specimen was mounted
by a 5-cm-diameter acrylic tube filled with polymethylmethacrylate resin,
| The leg was set at the neutral ankle position on the custom jig. A total of
10,000 cyclic axial loadmgs range of 0-500 N or 0-1,000 N (1Hz), were
applied to the longitudinal axis of the tibia using the Materials Testmg
Machine (AG-1, SHIMADZU, Kyoto, Japan) The 32 N dynamlc muscle
loadings were applied to the tibialis posterior tendon.

For the experiments, the specimens were divided into three groups.' The
500 N cyclic axial loadings and 32 N dynamic muscle loadings were applied
to the tibialis posterior (TP) tendon by the servomotor (normal TP group,
n=7). The 500 N cyclic axial loadings without 32 N dynamic muscle loadings
were applied to the. tibialis posterior téndon (non TP group, n=7). The third
group were assumed the obesity and investigated with 1,000 N cyclic axial |"
loadings and 32 N dynamic muscle loadings (obese TP group, n=7).

'1.6X0.8 mm? reéta'ngular red light emitting diode (LED) was attached to
the medial aspect of the navicular with minimum disruptiori. The
displacement of the LED light was monitored via a charge-coupled device
(CCD) camera. The image from the CCD camera was converted to the




coordinate system. The translational accuracy was 0.06 mm (0.2% full scale).
, _~'One cycle was determined that the period of over 5 N axial load was
applied. The navicular heights with a peak’and bottom of axial load, i.e.,
‘maximal and minimum weight-bearing were recorded in each cycle. The
change of arch was evaluated using the bony arch index (BAI). The BAI was
determined by the navicular height to foot length rdtio. A low arch was
defined as a BAI less-than 0.21 with welght bearing. BAI with maximal and
‘minimum Welght beanng for each 1,000 cycles were compared between
normal TP group, non TP group and obese TP group using two-way ANOVA
| and Tukey multiple comparison test, Ap value of 0.05 was chosen as the level -

of significance.

| Results :
The initial BAIs with ma;nmal Welght bearing were O 239=£0.009 (normal

TP group), 0.239£0.014 (non TP group), and 0.235+0.018 (obese. TP- group).
The mean BAI of obese TP group and non TP group decreased less than 0.21
after I,OOO_cycles and 3,000 cyclic axial loadings, respectively. On the other
hand, the mean BAI of normal TP group were remained over 0.21. After
10,000 cyclic axial loadings, the mean BAIs with maximal weight-bearing
were 0.212%+0.011 (normal TP ‘group), '0.196+0.015 (non TP group) and
0.180£0.023 (obese TP group). Statistical significances were found between
obese TP group and other groups in the mean BAI ~with maximal
weight- bearmg after 1,000 cyclic axial loadings. The BAI was contmuously
decreased in obese TP group. -

Discussion -

- The medial longitudinal arch was maintained in normal weight'bearing
‘with dynamic support of the TP muscle. However, the TP function could not |
prevent the arch height during cyclic over-loadings assiumed obesity. Further,
the arch was gradually decreased until 10,000 axial cyclic loading in the |
obese group. These results suggested that the arch structure of obese people
might be destroyed by their overweight even if fhey have the dynamic
support of the TP muscle. The lower arch is at risk of becoming worse over
time with repeated over-loadings, Whlch might cause pamful flatfoot

deformity.




Conclusion-: _
The findings indicate that prevention of obesity was essential to keep the

| medial longitudinal arch of the human foot.
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