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Abstract: Amputation of lower limbs and the development of foot ulcers are
primarily associated with Diabetes Mellitus (DM) and its associated sensory
peripheral neuropathy (SPN). A diminished perception of touch perception
leads to decreased responsiveness to pressure and is recognized as a risk factor
for diabetic foot ulcers. Increasing SPN patients' sense of touch perception in
their feet may help prevent foot ulcers. This study aimed to prove the effects of
foot SPA in improving touch perception in patients with type 2 Diabetes. This
research method is quasi-experimental with one group pre and post-test design
without a control group. Sampling was done by purposive sampling with 22
research subjects. The research instrument used a 10-g monofilament test. Foot
SPA is carried out 6 days for week. Data analysis used the Paired sample t-test.
Statistical test results obtain a p-value <0.05. The results of a week-long study
found that foot SPA significantly affects touch perception in type 2 diabetes

patients.
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Introduction

Diabetes mellitus (DM) is a medical condition
characterized by the dysfunction of pancreatic endocrine
hormones, specifically insulin, and glucagon Galicia-
Garcia et al. (2020); Lassie et al. (2023); Wardani (2023),
and is a chronic metabolic disease that makes it difficult
for the body to regulate blood sugar levels. Type 2
diabetes (T2DM), a serious health risk associated with
DM, is becoming more common and has been connected
to lifestyle factors. The significant morbidity and
mortality of the condition are caused by long-term
microvascular and macrovascular consequences, which
highly stress individuals and healthcare systems (Dixon
etal., 2017).

Among complications, diabetic polyneuropathy
(DPN) is the most prevalent. It is linked to long-term
diabetes and poor glycemic control, both of which are
extremely painful and distressing (Aljohani et al., 2020).

How to Cite:

Indonesia is the 5t country with the highest prevalence
of diabetes in the world in 2021, namely 19.50 million
people. Based on IDF research, the world population
aged 20-79 years in 2021 is estimated to reach 5.10 billion
people. It is regarded as one of the twenty-first century's
biggest risks to emerging health. It is projected that 380
million people will be affected by DM by 2025 (Maiorino
et al., 2017); (Atkins & Zimmet, 2010), in addition to the
classic complications of this disease, DM has been
associated with impaired T-cell response, impaired
neutrophil function, and impaired humoral immunity
(Ayelign et al., 2019).

DPN, which causes loss of protective feeling, failure
of the intrinsic muscles of the foot, and anhidrosis of the
foot, is a progressive degeneration of the peripheral
nerves that affect the sensory, motor, and autonomic
components of nerves (Mustapa et al., 2016). If not
treated appropriately, this raises the costs of public
health and significantly lowers the quality of life for
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patients. Even so, with the right precautions taken, the
deadliest outcomes of this illness-plantar ulceration and
amputation-can be prevented. 40-59% of people with
diabetes develop diabetic peripheral neuropathy (DPN)
(Deli et al., 2013), (Ziegler et al., 2014), and numerous
studies have shown that age is a significant risk factor
for DPN (Bansal et al., 2014; Lu et al., 2010; Sharma et al.,
2010).

Although (27-57) % of all DPN residents are
between the ages of 50 and 60, this percentage jumps to
50%-100% when an individual reaches the age of 70 or
older DPN. Middle-aged adults (40-60 years) and older
persons (60+ years) have the highest prevalence of DPN,
which reduces control over balance and gait
coordination due to sensory loss in areas such as
vibration perception, pressure, pain, and joint position
(Ahmad et al., 2019). Diabetes mellitus (DM) frequently
results in sensory peripheral neuropathy (SPN)
(Kérvestedt et al., 2011). One of the main risk factors for
developing foot ulcers is the lack of vibration sensation
(Ko & Cha, 2012). According to Lipsky et al. (2011), the
greatest risk factor for lower limb amputation in patients
with diabetes mellitus is foot ulcers.

Since vibration is essentially pressure applied to the
skin, the same mechanoreceptor in the skin that detects
pressure —the Pacinian corpuscle—is also responsible
for detecting vibration. If a therapy intervention aiming
at enhancing the vibration perception of a patient with
SPN proves effective, ulcer formation may be prevented.
Diabetic foot ulcers lead to pain, which impairs a
patient's ability to move around and balance. Reduced
mobility can further exacerbate circulation problems
already present in diabetics and lengthen the time it
takes for ulcers to heal, raising the risk of infection and
amputation of lower limbs.

Mobility issues can restrict the person's ability to
engage in social and economic activities of daily living.
Losing movement independence can therefore result in
psychological issues including anxiety and despair, a
decline in social interaction, and eventually social
marginalization. Preventing diabetic foot ulcers from
developing could potentially avert disability. Massage
can play a role in improving local microcirculation,
increasing blood flow rate, and correcting metabolic
disorders (Needs et al., 2023). In recent years, studies
have found that the application of massage in DPN can
improve the blood circulation of local tissues, improve
the body’s local pain threshold, enhance the range of
motion of joints, and improve the blood supply and
nutrition metabolism of peripheral nerves (Chatchawan
et al., 2015).

Method

This type of research is quasi-experimental
research. This study used a one-group pretest-posttest
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design without a control group. Before doing leg
exercises, a pretest touch perception examination was
performed using a 10-g monofilament test. After that,
treatment is given in the form of foot exercises. Finally,
a touch perception post-test was conducted using a 10-g
monofilament test. The 10-g monofilament test is used to
assess Perception of touch at 8 points on the soles of the
feet. A score of 2 is given if the patient feels 8 touch
points, a score of 1is given if the patient feels 1 to 7 touch
points, and a score of 0 is given if the patient does not
feel any touch sensation. The research flow diagram is
summarized in Figure 1.
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Figure 1. Research flow chart

Information:

O1 = A pretest peripheral neuropathy sensitivity
examination was carried out

x = Diabetic foot exercise intervention was provided

O: = A posttest peripheral neuropathy sensitivity

examination was carried out
0:1-O: = Comparison of pretest and posttest peripheral
neuropathy sensitivity results

Result and Discussion

Characteristics of study participants

General characteristics of the study, there were
more than half of the participants aged between 51 and
60 years (68.18%). More women, namely 63.64%, more
than half of the respondents (59.09%) were self-
employed and more than half had a high school
education (68.18%) as seen in Table 1.

Table 1. General characteristics of study participants
(n=22)
Characteristics of study

Frequency Percentage (%)

participants

Age (years)

51 -60 15 68.18

61-70 7 31.82

Gender

Man 8 36.36

Woman 14 63.64

Employment

Self-employed

Employee 13 59.09
9 40.91

Education background

High school 15 68.18

College 7 31.82

Total 22 100
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Table 2. Results of examination of touch perception of
type 2 diabetes patients before and after administering
foot SPA on the second, fourth, and sixth days

al0-g Value of Pre- Post-
Monofilament touch test test
test perception
f % f %
2 0 0 0 0
second day of 1 15 6818 19 86.36
intervention
0 7 3182 3 13.64
2 0 0 5 22.73
fourth day of 1 17 7727 17 7727
intervention
0 5 2273 0 0
2 7 3182 17 77.27
sixth day of 1 15 6818 5 22.73
intervention
0 0 0 0 0
Total 22 100 22 100

Regarding exploration with a 10-g monofilament
test after being given foot SPA for 6 days, it was found
that on the second day, there was an increase in the
touch perception score of 18.18%. On the fourth day after
being given foot SPA there was an increase in touch
perception scores of 22.73%. On the sixth day after the
foot SPA was carried out, there was an increase in the
touch perception score by 45.45% (Table 2).

Table 3. The effect of foot SPA on touch perception in
type 2 diabetes patients

Pretest  Post-test
al0-g Touch Change  p-value
Monofila perception (mean
ment test (mean+SD) +SD)

Pretest ~ Post-test
First test 1.324¢0.48  1.14+0.35  0.18+0.13 0.042*
Second 1.23+1043  0.77+0.43  0.46+0.00 0.001*
test
Third test 0.68+0.48  0.23+0.43  0.45+0.05 0.001*

*Paired -sample t-test

In Table 3, you can see the average difference before
and after the intervention The first posttest had a mean
difference of 0.18, the second posttest was 0.46 and the
third posttest was 0.45 with p values of 0.042, 0.001, and
0.001 a < 0.005, meaning there was a significant
influence-Foot SPA intervention to improve tactile
perception in type 2 diabetes patients.

Diabetic Macrovascular Complications

Vascular problems can result from hyperglycemia
via several potential pathways. A critical mediator that
controls  several  pro-inflammatory and  pro-
atherosclerotic target genes in endothelial cells (EC),
vascular smooth muscle cells (VSMC), and
macrophages, core factor-«B (Piga et al., 2007), can be
activated by elevated glucose concentrations. Increased
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blood sugar levels have the potential to accelerate
protein glycation, leading to the production of AGEs,
protein cross-linking, and reactive oxygen species.
Oxidative stress, which has been closely linked to
atherosclerosis, can be triggered by hyperglycemia itself
(Aronson & Rayfield, 2002; Yuan et al., 2019; Schleicher
& Friess, 2007).

Unsurprisingly, vascular cells that directly
experience hyperglycemia exhibit a large number of the
earliest pathogenic responses to glucose. The first stage
of atherogenicity is the loss of the endothelium's non-
adhesive characteristics, which occurs when monocytes
adhere to ECs. The adherence of monocytes to cultured
ECs is enhanced by hyperglycemia (Otsuka et al., 2005).
Hyperglycemia and AGEs can increase the generation of
EC (Quagliaro et al.,, 2005), superoxide, suggesting a
connection between AGEs, hyperglycemia, and
oxidative stress. Similar reactions in VSMCs can also be
brought on by glucose-activating matrix-degrading
metalloproteinases, which are enzymes involved in
plaque rupture and arterial remodeling. Additionally,
glucose can alter vascular smooth muscle cells (VSMC)
responsiveness and promote migration, proliferation,
and renin-angiotensin activation, among other effects.

Type 2 diabetes mellitus (T2DM) and
atherosclerosis have both been closely linked to
inflammation Biddinger & Kahn (2006); Shoelson (2006),
this, there is currently no one mechanism that explains
why patients with diabetes exhibit this pattern. High
glucose concentration-grown monocytes or those
isolated from diabetics with poorly managed diabetes
look active Negrato & Tarzia (2010); Alam et al. (2021);
Tamarai et al. (2019), exhibiting the activation of several
inflammatory mediators, including nuclear factor-xB
and protein kinase C. These and other targets have the
potential to encourage oxidative stress (S Valvassori et
al., 2020; Silnitsky et al., 2023.; Xiao et al., 2023)

Diabetic Microvascular Complications

Pathological  alterations in  the  diabetic
microvasculature can impact the microvasculature
supply to the organs, especially the kidneys, retina, and
peripheral nervous system, which are strongly
dependent on it for organ perfusion. Retinopathy,
nephropathy, and neuropathy are the three clinical
issues linked to these alterations that account for a
significant portion of T2DM morbidity. Reduced
myocardial vascularization, inadequate wound healing,
and peripheral vascular disease are further
consequences of microvascular illness (Li et al., 2023; Del
Buono et al., 2021; Mauricio et al., 2023; Patel et al., 2019;
Orasanu & Plutzky, 2009). Diabetic microvascular illness
has received relatively little attention in terms of
research and clinical implications (Gottwald-Hostalek &
Gwilt, 2022). An evaluation of the anatomic makeup of
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the microvasculature should be the first step in any
further analysis of microvascular illness.

Conclusion

This study shows that foot SPA improves tactile
perception in type 2 diabetes patients. Therefore, foot
SPA makes it a suitable alternative for preventing
diabetic foot ulcers.
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