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ABSTRACT

Background: One important reason why diabetic ulcer fails to heal is an increase of
collagen degradation by matrix metalloproteinase-9 (MMP-9). Vibration therapy is one of
complementary therapies which can reduce inflammation and improve reepithelialization.
However, up to present, there is no study that investigate the effect of vibration on
reduction of MMP-9 in diabetic ulcer. Therefore, the effect of vibration on reduction of
collagen degradation in diabetic ulcer is still unknown. If vibration can reduce collagen
degradation in diabetic ulcer, nurse can recommend patients to apply vibration not only
during inflammation and proliferation phase, but also during maturation phase since MMP-
9 also contributes to collagen degradation during maturation phase.

Purpose: The purpose of this study was to investigate the effect of vibration on reduction
of MMP-9 in diabetic ulcer.

Methods: Diabetic rats were divided into two groups, vibration and control groups. The
intensity of polymorphonuclears cells (PMNs) and fibroblast, collagen appearance, and the
presence of positive cells for MMP-9 were compared. Fibroblast, PMNs and collagen
appearance were stained with H and E staining, and MMP-9 was stained by
immunohistochemistry method. The difference in the intensity of fibroblast and PMNs was
analyzed by Mann-Whitney U test.

Results : The result showed that the intensity of PMNs was significantly lower, and the
intensity of fibroblast was higher in vibration group than in control. Collagen alignment in
the vibration group was more organized in a more regular fashion than in control group.
The intensity of positive cells for MMP-9 was lower in the vibration group than in control
group.

Conclusion : This study showed that vibration could reduce MMP-9, therefore it could be
concluded that vibration could reduce collagen degradation of diabetic ulcer. This study
bring implication in the clinical setting that vibration therapy should also be applied during
maturation phase since MMP-9 is also released in the maturation phase.
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BACKGROUND

Diabetes mellitus (DM) is a
debilitating disease that causes increase
of mortality and morbidity. The number of
people living with DM in the world was
108 million in 1980, and became 422
million in 2014  (World Health
Organization, 2016). It is estimated that
the number will go even higher in the
future. The prevalence of people with DM
in Indonesia is also high and is estimated
to increase. It is predicted that 2030,
there will be 12 million people with DM in
Indonesia (Shaw, Sicree, & Zimmet,
2010). Diabetes mellitus causes many
complications. One of the most common
chronic complications of DM is diabetic
ulcer. Previous study in Eastern
Indonesia showed that the prevalence of
DM in Indonesia was 12 % (Yusuf et al.,
2016) This prevalence is high compared
with a global prevalence of DM in the
world.

Recently there is increase of
number of wound care therapy such as a
modern wound dressing that could be
used in Indonesia. This modern wound
dressing could accelerate wound healing
of diabetic ulcer. However, diabetic ulcer
which was accompanied by ischemia
(mixed type/ ischemia and neuropathy)
needs therapy that can improve blood
flow.

One of complementary therapies
that can improve the blood flow is
vibration therapy (Maloney-Hinds, Jerrold
Scott Petrofsky, 2008; Nakagami et al.,
2007).  Previous study revealed that
vibration therapy could improve the
increase of blood flow/angiogenesis of
diabetic ulcer (Weinheimer-Haus, Judex,
Ennis, & Koh, 2014). Study by author
revealed that vibration therapy, which
was given in a low frequency could
reduce inflammation and improve
reepithelialization of diabetic ulcer (Sari,

Sutrisna, & Hartono, 2016). The effect of
vibration was even better than electrical
stimulation, which was a device that also
can improve blood flow in the wound
(Sari, Saryono, Sutrisna, & Hartono,
2017)

One of reasons of failure of
healing in diabetic ulcer is the increase of
collagen  degradaton by  matrix
metalloproteinases in the wound (Ayuk,
Abrahamse, & Houreld, 2016). Matrix
metalloproteinases will catalyze the
hydrolysis of collagen, elastin, laminin
and fibronectin (Xue & Jackson, 2015).
Previous study showed that collagen
degradation in diabetic ulcer was mainly
done by matrix metalloproteinase-9
(MMP-9) (Liu et al., 2009). In intact skin
and acute wound, the MMP-9 expression
is very low. Matrix metalloproteinase-9
has an important role in wound healing
during inflammation, proliferation and
maturation phase. However, the level of
MMP-9 will increase significantly in
chronic wound such as diabetes
compared with acute wound (Ulrich,
Lichtenegger, Unglaub, Smeets, &
Pallua, 2005). The excessive of MMP-9
will impair wound healing since the new
form collagen will be degraded by MMP-
9 (Liu et al., 2009). To accelerate the
healing of diabetic ulcer, it is needed to
reduce the level of MMP-9 in the diabetic
ulcer. However, up to present, there is
no study that investigates the effect of
vibration therapy on reduction of MMP-9
in diabetic ulcer. If the effect of vibration
on reduction of MMP-9 is known, it will
bring a great implication in the clinical
setting. Up to present, nurse usually
applied vibration in the inflammation and
proliferation of wound healing. However,
MMP-9 is released and responsible for
collagen degradation not only in
inflammation and proliferation phase of
wound healing, but also in maturation
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phase. If vibration can reduce MMP-9,
we can recommend nurse to apply
vibration not only during inflammation
and proliferation phase of wound healing,
but also in the maturation phase. The
purpose of this study was to investigate
the effect of vibration therapy on
reduction of MMP-9 in diabetic ulcer.

METODE

The design of this study was an

experimental study involving diabetic
rats. The approach of the study was post
test only with control group design. Male
Wistar Rats which were purchased from
Muhammadiyah Purwokerto University
were used in this study. The rats were
put in cage which has free access to
water and food. The age of rats was 13-
14 weeks old. The study has been
approved by research committee ethic,
Faculty of Medicine, Jenderal Soedirman
University.
Diabetic rats were divided into two
groups. They were a vibration-treated
group, and control group. The vibration
group received vibration of 40 Hz for 10
minutes, starting on day 1. The vibration
was given once a day for 7 days, while
the control group received only standard
treatment. Standard treatment consists
of dressing change daily by NaCl 0.9 %
and application of parafilm dressing to
the wound site.

This study used a vibration
device which was originally made by our
research team (Sari et al., 2016). Briefly,
the rat was anastesized during vibration.
The rats were placed on the vibrating
bed which its frequency could be
changed according to protocols. The
wound was placed directly attach to the
vibrating bed. The vibration of 40 Hz for
10 minutes was applied to rat.

Induction of rats.

Alloxan monohydrate with a dose of 90
mg/Kg body weight was used to induct
rat become diabetic rats. Before and 4
days after injection, the blood glucose of
rats were assessed. Rats were included
in the sample if the blood glucose was
250 mg/dl or above. Before wounding,
the hair of rat was shaved. Wounding
procedure was conducted by using a
knife, as described in the previous study
(Sari, Saryono, Purnawan, & Hartono,
2015). The diameter of wound was one
centimeter, with a depth to panniculus
carnosus. After wounding, the rats were
given parafilm dressing, and fixated by
gauze dressing. The dressing change
was conducted daily for 8 days. The
digital camera was used to record the
wound appearance.

Tissue staining

The tissue sample was harvested on day
8. The tissue samples were placed in 10
% formalin, and undergone a series of
tissue processing and finally embedded
into paraffin. The section was then
stained with Hematoxylin and Eosin
staining, and then observed under
microscope. For immunohistochemistry,
the sections were placed on placed on
poly-L-Lysine coated slides. Hydrogen
peroxide 3 % was used for reducing
endogeneous  peroxidase.  Mouse
monoclonal antibody MMP-9 was used.
Diaminobenzidine  was used as
chromogen. The positive cells for MMP-9
was indicated by the color of bluish
brown in fibroblast.

Statistical Analysis

The histological result for the
intensity of PMNs and fibroblast was
analyzed by Mann-Whitney U-tests. The
value of p < 0,05 was considered
significant. The statistical analysis was
conducted by using SPSS version of 16.

152



Jurnal Keperawatan Soedirman (The Soedirman Journal of Nursing), Volume 11, No.3 November 2016)

Day 0

Vibration

- .

4 8

Figure 1. The visual difference of wound in the vibration and control group (bar =1 cm)
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Figure 2. Hematoxilin and Eosyn staining between vibration group and control group in
epidermis and dermis layer (magnification of 400 times)

RESULT
Macroscopical findings were shown in
figure 1. On day 0, the depth of the
wound in vibration and control groups
were the same. The wound that reached
panniculus carnosus could be seen in
both groups. On day 2, there was no
slough in vibration group, however, thin
slough started to appear in the control

group. On day 4, the wound base in the
vibration group was filled with granulation
tissue while in the control group was
covered by a thick slough. On day 8, the
wound was almost closed by new epitel,
however, in the control group, wound
was still covered by slough.
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Tabel 1. The difference of the intensity of
inflammation and intensity of fibroblast

in Journal of Nursing), Volume 11, No.3 November 2016)

Groups PMNs Fibroblas
Vibration 2 4*
Control 4 3

Values indicated median score

Rating scale : 0 = absent, 1= occasional, 2 =
moderate, 3 = abundant, 4 = very abundant
*P<0.05

PMNs = polymorphonuclear neutrophils

The data of microscopical
findings of vibration and control group in
epidermis and dermis layers were shown
in figure 2. It could be seen that collagen
alignment in control group was an
asymmetrically distributed, while the
collagen alignement in the vibration
group was more organized in a more
regular fashion. The difference in the
intensity of PMNs and intensity of
fibroblast was shown in table 1. Table 1
showed that the intensity of inflammation
was significanly lower in the vibration
group (P=0.026) , and the intensity of
fibroblast was significantly higher in the
vibration compared with control group
(P=0.034).

The result of
immunohistochemistry in the upper part
of dermis and lower part of dermis was
shown in figure 3. Positive cells for MMP-
9 was indicated by the presence of
brown colour that located in the cells. It
could be seen that many MMP-9 positive
cells located in the fibroblast cells, either
in the upper dermis layer or in the lower
part of dermis layer. Figure 3 showed
that the intensity of MMP-9 positive cells
in the upper part of dermis was lower in
the vibration group compared with
control group. Similarly, the intensity of
MMP-9 positive cells in lower part of
dermis was also lower compared with
control group.

DISCUSSION

Our study is the first study that
investigate the effect of vibration on
reduction of MMP-9 in diabetic ulcer.
This study showed that vibration could
reduce MMP-9 in diabetic ulcer.
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Figure 3. The MMP- 9 positive cells (arrow) between vibration and control in upper part of
dermis (below epidermis) and lower part of dermis (Magnification of 400 times)

154



Jurnal Keperawatan Soedirman (The Soedirman Journal of Nursing), Volume 11, No.3 November 2016)

Previous study showed that
MMPs play an important role in wound
healing. They are removal of damage
extracellular matrix (ECM) and bacteria
in inflammation phase, degradation of
capillary basement membrane for
angiogenesis and migration of epidermal
cells during proliferation phase, and
contraction of scar ECM and remodelling
scar ECM during maturation phase
(Gibson, Cullen, Legerstee, Harding, &
Schulz, 2009). However, if MMPs are
present at wound bed at too high a level,
it could degrade protein and finally impair
wound healing (McCarty & Percival,
2013). Previous study showed that MMP-
9 was increased in diabetic ulcer (Liu et
al., 2009). The increase of MMP-9 will
impair wound healing since it causes
excessive collagen degradation (Liu et
al., 2009). Our finding is in accordance
with Liu et al (2009), the intensity of
positive cells for MMP-9 in our study is
also high in the diabetic rat. The high
level of MMP-9 might cause excessive
collagen degradation in the control
group, resulted in slow wound healing as
appear in the macroscopical findings.

The mechanism by which MMP-
9 level in diabetic ulcer is increased is
still uncertain. Previous study showed
that hypoxia and inflammation will cause
an increase of MMP-9 (Catrina & Zheng,
2016; Gibson et al., 2009). Inflammation
can cause the increase of MMP-9 since
the inflammatory cells like neutrophyl
and macrophag can release MMP-9
(Gibson et al., 2009). In our study, the
tissue hypoxia is not assessed, however
previous study showed that tissue
hypoxia is common to occur in diabetic
ulcer since there is a lack of blood flow
(Catrina & Zheng, 2016). Therefore, We
suggest that tissue hypoxia also occur in
our diabetic rat model. Related with the
increase of MMP-9 due to inflammation,

our histological findings showed that the
intensity of PMNs in the control group is
higher than in vibration group. Therefore,
we suggested that the increase of MMP-
9 in our study might due to hypoxia and
inflammation.

Our research showed that vibration could
reduce the intensity of positive cells of
MMP-9. Previous study in pressure ulcer
showed that vibration could reduce
hypoxia condition, which resulted in a
decrease of MMP-2 and MMP-9 (Sari, et
al., 2015). Based on the previous study,
it could be suggested that the decrease
of the intensity of MMP-9 might due to
the increase of blood flow, resulted in the
decrease of hypoxia condition. Next
study is needed to elucidate the
mechanism of the decrease of MMP-9
following vibration.

In the previous studies, our
study revealed that vibration could
reduce inflammation and improve
reepithelialization of diabetic ulcer (Sari
et al., 2016). Therefore, vibration is
needed to be used during inflammation
and proliferation phase of wound healing.
However, in this study, we found that
vibration could also reduce MMP-9.
MMP-9 will present in all phases of
wound healing, not only in inflammation
and proliferation phase, but also during
maturation phase. The excessive of
MMP-9 in the remodelling phase will
cause impairment in the wound
contraction and remodelling of scar.
Based on this study, we suggest nurse
should also apply vibration during
maturation phase of wound healing, not
only in the inflammation and proliferation
phase of wound healing.

CONCLUSION

This study is the first study in the
literature to investigate the effect of
vibration on reducton o MMP-9 in
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diabetic ulcer. We showed that wound
treated with vibration therapy has lower
intensity of positive cells for MMP-9
compared with wound treated with
standard wound care. Based on this
study, it could be suggested that nurse
should use vibration therapy not only in
the inflammation and proliferation phase,
but also during maturation phase of
wound healing, since MMP-9 is also
released in the maturation phase of
wound healing. Future study in human
subject is needed to confirm the effect of
vibration on MMP-9 reduction in patient
with diabetic ulcer.
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