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Can insole for obesity maintain the arch of the foot against repeated hyper
loading?
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Introduction: Increasing obesity population, adult acquired flatfoot deformity (AAFD)
has notably risen in recent years. The AAFD is marked by arch collapse and increase
heel valgus and is related to posterior tibial tendon dysfunction (PTTD) which cause
pain behind medial malleolus and along medial longitudinal arch. At the end of the
stage of the PTTD, serious AAFD and loss of gait ability are occurred. Although the use
of insole for AAFD in normal weight has effects in clinical practice, it is still unknown
that the insole protects the foot structure of obesity against repeated hyper loading
during ADL. The purpose of this study was to investigate time-dependent change of
arch structure when insole applies to cadaveric foot during repeated hyper loading as
simulated obesity. ‘

Methods:

20 cadaveric feet from 3 female and 17 male were studied. Mean age was 83 years
(range, 59 -93yrs). Each specimen was cut at the proximal third of the leg. Tibia and
fibula were fixed with special jig. Specimens were assigned to three groups: normal
group (n=7), obese group (n=7) and obesity with insole group (n=6). A total of 10,000
cyclic axial loadings of 500 N (Normal group) or 1,000N(Obese and obesity with insole
group) were applied to the longitudinal axis of the tibia.

Time-dependent change of arch height was monitored with 2-dimentional analyzer,
which was consisted of light emitting diode (LED) and charge-coupled device (CCD)
camera. To simulate the mid-stance phase of gait, cyclic loads applied to proximal end
of specimen by material testing machine and 32 N tibialis posterior tendon forces were
applied.

We evaluated the arch structure using the bony arch index. The bony arch index was
calculated from the height of the navicular height. We further evaluated flexibility and
energy absorption. Flexibility was equal to deformation divide by load. Deformation
was difference of arch height between weight and non-weight bearing. Energy
absorption was equal to multiplying deformation by load. .

Results were expressed as a mean + standard deviation (SD). Repeated measurement
two-way analysis of variance with post- hoc Tukey comparisons was used for the BAIs
data analysis. Statistical testing was performed using SPSS 17.0 software (SPSS Inc.,




Chicago, IL).All significance levels were set as ¢=0.05. This study was approved by our
institutional review board (IRB).

Results: From 1,000 to 3,000 cyclic loads, the BAI of the insole and normal group were
significantly higher than that of obese group (p<0.05). The BAI of the obese group was
significantly decreased compared to normal group from 3,000 to 10,000 cycles
(p<0.05), however, the BAI between insole and obesity group was not different
significantly. There was no difference between insole and normal group during whole
cycles. _

Regarding the time dependent change of BAIls, normal group was maintained
BAI>0.21 after 1,000 cycles. In obese group, the BAI was dropped steeply from 1 cycle
to 1,000cycles, and marked <0.21, which is the diagnostic criterion for a low arch. In
insole group, the BAI was maintained >0.21 until 3,000 cycles, however gradually
decreased until 10,000 cycles.

Flexibility and energy absorption in normal group were maintained throughout 10,000
cycles. In obese group, the flexibility and energy absorption started to decrease at 1,000
cycles, and stayed the low value until 10,000. In insole group, Flexibility and energy

absorption were maintained until 4,000 cycles, however gradually decreased until
10,000 cycles.

Discussion: We demonstrated that time-dependent change of arch structure when the
insole was applied to the obesity condition. The insole maintained the BAI even in the
state of obesity until 3,000 cycles. After 4,000 cycles, however, the BAI of insole group
was low arch until 10.000 cycles. Further, the flexibility and energy absorption were
also decreased after 4,000 cycles. These results suggested that the insole for obesity
might maintain the arch structure in the early period of time, but it might be corrupted
by repeated hyper loading with duration.

Significance: Insole for obesity would protect foot structure. However, the repeated
hyper loading caused failure of foot. Time-dependent consideration of insole might
elicit positive or negative effects in their ADL.
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