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The Efficacy and Mechanism of Kobe Stump Socks against

the Stump Eczema

Hiroshi Furukawa!, Makoto Watanabe!, Taku Shirakawal,

Kazue Noda!, Michiko Tanaka', Emiko Kanai!, Kaoru Nishiyama®,
Yoshiaki Taniai®, Miho Matsuda® Ichirou Kitayama?®,

Kunio Amemori?, Sakuya Nakajima® Seishi Sawamura®,

Shyuhjirou Ninomiya® and Hirofusa Shirai?

The authors developed a novel stump socks, Kobe Stump Socks (KSS), which was treated

with the artificial enzyme, Metal-Phthalocyanine derivative.
effect and made the stump eczema remitted in many cases.

This KSS had a deodorant
In this report, the authors

studied the moisture absorption effect of KSS and the bacterial growth suppression

effects in comparison with the conventional stump socks.

As a result, it was suggested

the combined effects of the sweat absorption and the suppression of bacterial growth of
KSS would play an important role against the stump eczema.
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INTRODUCTION

In our country, the hot and damp
condition in summer is an uncomfortable
problem for the users of the prosthesis
and causes bad odour and the stump
eczema which sometimes makes it impossi-
ble to use the prosthesis.

The Metal-Phtalocyanine derivative, de-
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moto, Japan.
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veloped by Shirai, is a kind of artificial
enzyme with a peroxidase like activity and
reported to have a deodorant effect (1).
Furukawa et al tried to treat the stump
socks with this Metal-Phthalocyanine and
reported clinically effective to prevent the
bad odour and to remit the stump eczema
(2). Since then, this novel stump socks
was named Kobe Stump Socks (KSS) and
had been checked its quality (3).

In this study, the authors applied KSS to
more cases and examined the moisture
absorption effect and bacterial growth
suppressive effect of KSS.

MATERIALS and METHODS

1) Clinical application

KSS was applied to 54 cases and its
deodorant effect was checked with follow-
ing the criteria of the Ministry of Labour,
Institute of Hygiene; 0: no smell. 1:
little smell. 2: weak but recognizable
smell. 3: easily recognizable smell. 4:
strong smell. 5: severe smell. (2). And
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the state of the stump eczema was also
checked. The state of the odour in most
cases was appreciated by us.

2) Materials

The conventional stump socks, crude
cotton and bleached cotton were purch-
ased from Tokyo Eizai Co. LTD. Some
conventional stump socks were treated
with Metal-Phthalocyanine (Nisshin Flour
Milling Co. LTD.) to make Kobe Stump
Socks (KSS), and also some were catio-
nized with Ammonium salt (Cationon UK,
Ippoh Shya Yusi Co. LTD.)(Cationized
stump socks) by Mr. Minamide at Daiwabo
Co. LTD. For bacteriological studies,
KSS was used without autoclave and other
stump socks were used after autoclave,
because KSS had once been in sterile
condition during the Metal-Phthalocyanine
treatment.

As bacterial sources, Staphylococcus au-
reus, Staphylococcus epidermidis and Esche-
lichta coli were used.

3) Moisture absorption speed

Each socks with 1 mm thickness was cut
into 2.5X16.9 cm sized strip. Each strip
of socks was dipped into water with 1.7
cm depth. The height of the water diffu-
sion within limitted time was measured at
room temperature.

4) Moisture absorptivity

Each socks with 1 mm thickness was cut
into 2.2 X16.9 cm sized strip. Each strip
of socks was hanged in the flask contain-
ing 50 ml water with leaving 3.9 cm length
of the strip outside and the flask was
sealed with parafilm to prevent water
from vaporing from the orifice (The strip
was long enough to dip into water). This
flask was settled at 37°C for 6 hours and
the weight of the lost water was weighed
at every 30 minutes.

5) Bacterial extraction and culture
Each socks was put into a sterile bag
added saline. The extraction of bacteria
was done for 2 minutes by using Sto-
macher 80 (Colworth). Each extracted
bacteria were cultured in heart infusion
agar (Nissui) for 18—42 hours at 37°C.
Then, the bacterial colony was counted.

6) Bacterial growth rate

The bacterial growth rate was calcu-
lated as following; Growth rate = C4/CO.
(C4: Bacterial number which were ex-
tracted after the incubation of bacteria on
the socks for 4 hours.
CO: Extracted bacterial number soon after
adding bacteria on the socks).Extraction
was followed as written above.

7) Bacterial growth in each socks

One ml of bacterial solution, diluted in
saline or sweat, was absorbed in 0.5g
patch of each socks within the sterile bag.
After 4 hours incubation at 37°C, the
bacteria in each socks were extracted with
9 ml saline and counted. As control, only
bacterial solution was put in the sterile
bag and the bag was treated by the same
way. When sweat was used, it was pas-
sed through filter to be sterile. Sweat
was collected from healthy athletes’ face
soon after their training under the sun.
For the study of the bacteria in sweat,
sweat was directly used in insterile condi-
tion instead of bacterial solution.

8) Bacterial number in the rolled stump
socks

The middle portion of the rolled brand-
new stump socks was taken out in sterile
as far as possible. Bacteria were ex-
tracted with 10 ml saline from 2g patch of
each stump socks and counted.
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RESULTS

1) Clinical application

As shown on Table 1, KSS was applied
to 54 cases. Among them, the deodorant
effect of KSS was appreciable in 36
cases.And in most cases, the effect was
recognized within 5 days after the applica-
tion in spite that most of them used the
prosthesis for 10—15 hours in a day.
Eighteen cases were not available to
appreciate. In only one case (case 29),
KSS was ineffective.

Among 35 cases with the stump eczema
or bed sore, KSS remitted it in 33 cases.
In 2 cases, the stump eczema was un-
changed. It was of note that case 49-53
suffered from bed sore and all of them
were remitted by using KSS.

2) Moisture absorption speed

As shown on Table 2, the moisture
absorption speed of KSS was the best.
That of the cationized stump socks was
66% of KSS's. The conventional one
(bleached cotton) was 14% of KSS's.

3) Moisture absorptivity

As shown on Fig. 1, KSS absorbed
water lineally for 6 hours since it was
dipped into water. The cationized stump
socks absorbed water very slowly during

The efficacy of Kobe stump socks

first 1 hour. After 1 hour passed, it
absorbed water lineally like KSS. The
conventional stump socks (crude cotton
and bleached cotton) absorbed little water
during 6 hours.

4) Bacterial growth rate, diluted in saline

As shown on Fig. 2, the growth rate of
S. epidermidis was approximately 1/10 in
KSS. That of both S. aureus and E. coli
showed no growth or rather suppressive.
In the cationized stump socks, each bacter-
ia could not grow. In the conventional
stump socks, on the contrary, the growth
rate of each bacteria was high, in particu-
lar, that of E. colt was almost 100. In
control, each bacterial growth was sup-
pressed.

5) Bacterial growth rate, diluted in sweat

As shown on Fig. 3, the growth rate was
high in every socks except S. epidemidis in
KSS. In control, it was also high. The
growth rate of S. epidermidis in KSS was
approximately 1/10 and suppressive.
Among them, the growth rates in KSS were
still the lowest.

6) Bacterial growth rate in sweat

As shown on Fig. 4, the growth rate in
sweat was high in every stump socks. In
control, it was high, too. Among them,

Table 2 ABSORPTION SPEED
Treatment Height of diffusion® rate
KSS 15.5 cm 100 %
Cationized socks 10.3 cm 66 %
Bleached cotton 2.2 cm 14 %

¥: In KSS,

of the strip (15.5 cm)

time was used as the standard

Vol. 5, 1989

the height of water diffusion reached the top
at 7 min.

52 sec..
(100%) .

Then, this
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Figure 1. Absorptivity of the stump socks
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A; KSS. B; Cationized stump socks.
C; Crude cotton.
D; Bleached cotton.

the growth rate in KSS was the lowest.

7) Bacterial number in the rolled stump
socks

As shown on Fig. 5, the bacterial
number in KSS was 32 in average and the
smallest. The bacterial in every socks
were gram positive rod with spore and
seemed Bacilius Cohn.

DISCUSSION

The The stump eczema was one of the
big problems for the users of prosthesis (4,
5) and many trials had been done to
prevent it. Most of the trials were mainly
to wash the stump region daily and keep it
clean, to change the stump socks frequent-
ly, in particular, 2 or 3 times in a in
summer time, to change the shape of the
prosthesis such as making holes on it and
so on (6). In these trials, the trial to

S.aureus S.epidermidis E.coli

10+

4 0 4

INCUBATION TIME (hours)

Figure 2. Bacterial growth rate, diluted in saline.
A; KSS. B; Cationized stump socks. C; Crude cotton.
D; Control. The growth rate = C4/CO. (see Text)
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Figure 3. Bacterial growth rate, diluted in sweat.
A, B, C, D were same as in Figure 2.

check the quality of the stump socks had
not been done. The Metal-
Phthalocyanine derivative was developed
by Shirai and reported to have a deodor-
ant effect (1). This Metal-Phthalocyanine
treated stump socks was clinically applied
for the first time to the users of the
prosthesis by Furukawa et al (2) and
named Kobe Stump Socks (KSS)(3).
Therefore, the Kobe Stump Socks has the
different quality from the conventional
one.

The clinical application proved the
deodorant effect of KSS and the effect
against the stump eczema (Table 1). The
bad odour dramatically disappeared with-
in a week after using KSS and the stump
eczema and even bed sore had also remit-
ted in most applied cases. This Metal-
Phthalocyanine treated textile was applied
in other fields such as mattress aiming
deodorization (7).

Vol. 5, 1989
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Figure 4. Bacterial growth rate in sweat.
A, B, C, D were same as in Figure 2
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Figure 5. Bacterial number in the stump socks
(CFU/2g patch).
A, B, C were same as in Figure 2.

The moisture absorption effects showed
KSS was better than the conventional ones
(Table 2 and Fig. 1). The cationized
stump socks followed KSS. On the other
hand, the conventional ones were rather
hydrophobic. These effects indicated
KSS could absorb sweat well and make the
stump region dried.

The bacteriological studies revealed the
growth rate of the applied bacteria, S.
aureus, S. epidermidis and E. coli were low

in KSS in comparison to in the convention-
al one (Fig. 2, 3). It was of note, in
particular, the bacteria diluted in saline
could grow well in the conventional stump
socks though saline did not contain enough
nutrients for bacterial growth. The con-
ventional stump socks was supposed to be
in nutrients for their growth. The bac-
teria contained in sweat were also sup-
pressed to grow in KSS (Fig. 4). This
data demonstrated KSS could suppress the
bacterial growth even in the nutrient rich
sweat. Moreover, the rolled brand new
conventional stump socks contained more
bacteria than KSS (Fig. 5). These bacter-
iological data suggested the Metal-
Phthalocyanine treatment was effective to
suppress the bacterial growth in the stump
socks. And the cationized stump socks
again followed KSS.

From these data mentioned above, the
combined effects of the sweat absorption
and the suppression of bacterial growth of
KSS would play an important role against
the stump eczema. Additionally, in every
study, the cationized stump socks was
rather effective than the conventional one
but less than KSS. This means the catio-
nized stump socks may be useful instead of
KSS when not available.
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