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ABSTRACT
Article Info: Studies have reported that the best strategy for reducing the peak pressure on metatarsals is
Received: 27 Aug 2018 ¢ toincrease the surface area with the metatarsal pad. but the optimal length of metatarsal pads is still
Accepted: 03 Nov 2019 ©unclear. The purpose of this study was to evaluate the appropriate length of metatarsal pad and its effect
Available Online: 01 Dec2018 on the reduction of diabetic foot ulcer mechanical parameters while walking.

YIETEER Participants were 15 male patients with diabetes mellitus (Mean+SD=63.3+2.01 years). Hand-
made metatarsal pads with a length equal to 18, 20, 23 and 25% of foot length were used. Patients wear-
ing these pads passed the RS-scan foot scan in 5 separate conditions and their data were recorded. Re-
peated measures Analysis of Variance (ANOVA) was used for analyzing data.

Peak pressure significantly decreased in metatarsal regions 1, 3 and 4 (P=0.001), but no significant
difference was observed in regions 2 and 5 (P<0.05). A significant difference was observed in pressure-time
integral between the five conditions in all metatarsal pads (P=0.001), but its change between the type of pad
and metatarsal region was different. In the metatarsal regions 1 and 2 with pads of 18 and 20% of foot length,
the peak time pressure was significantly reduced, while in the pads of 23 and 25% of foot length, it significantly
increased. In the metatarsal regions 3, 4 and 5 with a pad of 18% of foot length, the peak time pressure in-

Keywords: creased, while with the pads of 20, 23, and 25 of foot length, a reduction was observed.
Diabetics foot ulcer, As the pad length increases, the pressure peak in the metatarsal areas decreases, but the
Peak plantar pressure, ;. effect of pad length on the time pressure depends on the metatarsal region and the pad length. The
Time-pressure inte- ¢ length of the pad relative to the size of the foot is a step forward for the insole design. Insole designers
gral, Metatarsal pad ' are recommended to use a metatarsal pad with 23% of foot length for diabetic patients.
Extended Abstract tion's report in 2003, 194 million people were estimated to
have diabetes worldwide, predicted to reach 366 million by
1. Introduction 2030. In the 2010 census, this rate increased to 374 million
worldwide [1, 2]. The major problems in diabetic patients
he worldwide prevalence of diabetes has consist of foot infection and ulcer, ultimately leading to
dramatically increased, and 10% of the amputation [4]. Studies suggested that 20% of hospitalized
Iranian population has this disease [1]. Iranian diabetic patients experience foot problems [3].

According to the World Health Organiza-
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Increased local pressure and the pressure-time on the sole
are the most critical mechanisms of the mechanical risk
of plantar foot ulcer in diabetic patients [5, 6]. In diabetic
patients, due to the limited mobility, the shock absorption
mechanism of the wrist and knee joints is reduced [7]. A
study indicated that the most prevalent foot ulcers are in the
metatarsal areas of diabetic patients [18]. The peak of pres-
sure and the time of pressure are highly correlated with the
ulceration of the foot; thus, the best strategy to reduce the
peak pressure in metatarsal areas is to increase the contact
area. In this regard, the metatarsal pad is used to increase
the contact surface and reduce the pressure peak [22]. This
study aimed to determine the proper metatarsal pad length
for reducing foot plantar pressure parameters (peak pres-
sure and pressure time). As a result, we measured the ratio
of the metatarsal pad length to the actual foot length.

2. Patients and Methods

In total, 15 male patients with type 2 diabetes (Mean
age: 63.3 y) were selected among 2000 diabetic patients in
Babolsar County, Iran. They were selected by assessing their
medical records and using a convenience sampling tech-
nique. A foot scan system (RS-scan, Belgium) with 1x0.4
m dimensions at 50 fps (Hz) was used for measuring the
foot pressure and pressure distribution pattern. Handmade
metatarsal pads with lengths equal to 18%, 20%, 23%, and
25% of foot length were used. Figure 1 shows the RS-scan
system and the used pads. The study variables were the
peak plantar pressure and the pressure-time on 10 plantar
regions (heel, center, metatarsal, & thumb). Among these
regions, the peak plantar pressure and the pressure-time on
5 metatarsal regions were measured and used for the sta-
tistical analysis. The anthropometric characteristics of the
subjects' feet were measured after explaining the study and
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test methods to them and obtaining informed consent from
them. A 12-meter straight path was determined and the foot
scan system was longitudinally placed at a distance of 10
m. The study subjects were requested to start walking with
the optional and preferable speed from the beginning of the
route and maintain their speed until its end. We adjusted
the patients' walking speed based on the forms of the gait
cycle’s supporting phase in the scanning system; the study
subjects' walking speed did not vary during the test.

3. Results

According to Figure 1 and the one-way repeated mea-
sures Analysis of Variance (ANOVA) results, the peak pres-
sure increased with enhancing pad length in the metatarsal
region 1; the within-group difference between pads was
significant (P=0.001). The descriptive indices also revealed
a decrease of 24% in the 18% pad. Furthermore, in the pads
of 20%, 23%, and 25% of foot lengths, there were 36%,
40%, and 43% decreases in the peak pressure parameter,
respectively. Moreover, ANOVA results of pressure time on
the first metatarsal head section suggested a significant dif-
ference in the peak time of pressure between feet with and
without pad conditions (P=0.001).

4. Discussion

The present study investigated the appropriate length of
the metatarsal pad and its effect on the mechanical param-
eters of diabetic foot ulcer during gait. According to the
obtained results, the distribution pattern of plantar pres-
sure and the time of applying pressure on the metatarsals
changed with the application of pads. In other words, the
distribution of plantar pressure depends on the distribution
of force and the surface at which the force is applied; thus,
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by changing the surface, the distribution of plantar pressure
changes. Therefore, when the pads’ length percentages in-
crease, the peak pressure level decreases. This is because
using a metatarsal pad increases the contact level in the
metatarsal region. Reducing peak pressure in metatarsal
regions is a crucial advantage of pad use.

5. Conclusion

The greatest effect of metatarsal pads was detected in
metatarsal regions 1, 3, and 4. As the pad length increased,
the pressure peak in the metatarsal areas decreased. The
highest pressure reduction was observed in the metatarsal
head with pads of 23% and 25% of foot length. Since the
pad length increased in the metatarsal regions 1 and 2 with
increasing pad length, the 23% of foot length could be an
appropriate pad length to reduce the peak pressure and the
time of pressure in metatarsal areas. Insole designers are
recommended to use a metatarsal pad with 23% of foot
length for diabetic patients
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3. Heel contact, mid food & toe off
4. Mid food & toe off

5. Toe

6. Heel contact

7. Mid stance

8. Toe off
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