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Abstract
Overweight repeatedly burdens on foot and ankle as a mechanical stress
‘during ADL. The mechanical stress causes posterior tibial tendon
de.géneration, 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 important
dynamic support of the arch of the foot. Previous studies demonstrated that
the TP muscle coul.d'ma'intain.the foot arch“dynamically, even if repeated
normal loadings were added. However; it is still unknown that the dyuamic
support of the TP muscle could prevents 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 obemty compared to the normal load.mg assumed
non- obese cond1t10n

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

prox1ma1 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 |
apphed to the longitudinal axis of the tibia using the Materials Testing
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 loadmgs 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 tendon (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).

1.6 X0.8 mm? rectangular red light emitting diode (LED) was attached to
the medial aspect of the navicular with minimum disruption. 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
apphed The navicular heights W1th 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 weight-bearing. BAI with maximal and
minimum weight-bearing for each 1,000 cycles were compared between
normal TP group, non TP group and obese TP group using two-way AN OVA
and Tukey multiple comparison test Ap value of 0.05 was chosen as the level
of significance.

Results - . :

The initial BAIs with maximal weight-bearing were 0.239+0.009 (norm;cll
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 1,000 cycles and 3,000 cyclic axial loadings, respect1ve1y 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 asstimed obesity. Further,
‘the arch was gradually decreased until 10,000 axial cyelic loading in the |
obese group. These results suggested that the arch structure of obese people
| might be destroyed by their overweight even if they have the | dynamic
support of the TP muscle. The lower arch is at risk of becoming worse over
time with repeatéd over-loadings, which might cause painful 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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