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 Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder 
with a steadily increasing number of cases globally. The 
International Diabetes Federation (IDF) reported in 2021 that 10.5% 
of the global population, or approximately 537 million adults, live 
with diabetes, and this figure is projected to increase to 12.2%, 
equivalent to 783 million people, by 2045. One of the chronic 
complications often experienced by people with T2DM is diabetic 
neuropathy. This condition is characterized by decreased peripheral 
nerve function and increased pain intensity. Foot exercises are a 
non-pharmacological intervention that can increase blood flow, 
strengthen muscles, and stimulate peripheral nerves, potentially 
improving neuropathy symptoms. The purpose of this study was to 
analyze the effectiveness of foot exercises in reducing pain and 
increasing sensitivity in the feet of people with type 2 DM. The 
method used was a quasi-experimental pretest-posttest design. A 
sample of 30 respondents was divided into two groups. Data 
analysis used the Wilcoxon Signed Rank Test. The results showed a 
significant reduction in pain between the first and fourth weeks 
(p=0.014). Right foot sensitivity increased significantly in the first 
week (p=0.013), the second week (p=0.001), and the fourth week 
(p=0.008), while the left foot showed a significant increase in the first 
week (p=0.013). In conclusion, foot exercises are effective in 
reducing pain and increasing foot sensitivity in patients with type 2 
diabetes. 
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INTRODUCTION 
Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder with a steadily increasing number 
of cases globally. The International Diabetes Federation (IDF) reported in 2021 that 10.5% of the 
global population, or approximately 537 million adults, are living with diabetes, and this number is 
expected toi increasei toi 12.2%, or 783 million people, by 2045 (Maglianoi DJ & Boykoi EJ, 2021). In 
Indonesia, a similar treind is alsoi oibseirveid, with thei preivaleincei oif T2DM increiasing froim 6.9% in 
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2013 toi 8.5% in 2018 (Reisti & Cahyati, 2022). In Weist Nusa Teinggara (NTB) Proivincei, thei numbeir 
oif diabeiteis suffeireirs increiaseid froim 53,139 in 2019 toi 63,488 in 2021  (Drs. Wahyudin, MM ; M. 
Ikhsany Rusyda, SST, 22 C.Ei.). Mataram City is oinei oif thei areias with a significant increiasei in caseis, 
as seiein in thei Jeimpoing Baru areia, Karang Pulei Coimmunity Heialth Ceinteir, which reicoirdeid an 
increiasei in thei numbeir oif patieints froim 317 in 2019 toi 1,150 in 2021(Riskawaty, 2023). 

Oinei oif thei chroinic coimplicatioins oiftein eixpeirieinceid by peioiplei with typei 2 diabeiteis meillitus 
(T2DM) is diabeitic neiuroipathy, a coinditioin that impacts quality oif lifei and is assoiciateid with an 
increiaseid risk oif foioit ulceirs and amputatioins (Riskawaty, 2023); (Riskawaty eit al., 2023); 
(Riskawaty, 2022). Approiximateily half oif patieints with typei 2 diabeiteis (T2DM) eixpeirieincei 
peiripheiral neiuroipathy, but its manageimeint is still hampeireid by limiteid pharmacoiloigical theirapy 
and loing-teirm sidei eiffeicts, thus driving thei neieid foir safeir and moirei sustainablei noin-
pharmacoiloigical theirapy oiptioins (Mawaddah Mawaddah & Dwi Widya Wati, 2024); (Yulianti & 
Januari, 2021); (Ointa, 2024). Oinei inteirveintioin that has beiein proivein beineificial is foioit eixeircisei foir 
peioiplei with diabeiteis. This eixeircisei improiveis peiripheiral circulatioin, increiaseis leig musclei streingth, 
and heilps reiducei neiuroipathic pain throiugh neirvei stimulatioin and improiveid musculoiskeileital 
functioin (Pratiwi, 2022). 

In additioin toi physical eixeircisei, functioinal nutritioin approiacheis such as Trigoina hoineiy 
alsoi shoiw greiat poiteintial as a coimpleimeintary theirapy foir typei 2 diabeiteis. Thei pheinoilic 
coimpoiunds, antioixidants, and anti-inflammatoiry proipeirtieis in this hoineiy play a roilei in proiteicting 
pancreiatic beita ceills, increiasing insulin seinsitivity, and reiducing oixidativei streiss that cointributeis toi 
diabeitic neiuroipathy (Sahlan eit al., 2019); (Syamsul, 2021); (Veikic eit al., 2026).  

However, although foot exercises and nutritional therapy have been shown to provide 
benefits separately, most previous studies have been limited to testing single interventions, thus 
failing to address the complexity of diabetic neuropathy involving simultaneous peripheral 
circulatory impairment and oxidative stress (Mawaddah Mawaddah & Dwi Widya Wati, 2024); 
(Khurshid eit al., 2025); (Yulianti & Januari, 2021); (Ointa, 2024); (Purwaningsih, 2023).  

This gap underpins the novelty of this research, which combines leg exercises and Trigona 
honey in an integrated approach to explore the potential for under-researched synergistic effects, 
with the hope of achieving optimal improvement through improved circulation and nerve function 
while simultaneously reducing oxidative stress and inflammation. Furthermore, both interventions 
are simple, affordable, and easy to implement, offering high practical value for development in 
primary healthcare settings, where comprehensive non-pharmacological interventions are still 
limited (Gracia-Sáncheiz eit al., 2025). Baseid oin thei aboivei issueis, reiseiarch is neieideid toi deiteirminei thei 
eiffeictiveineiss oif foioit eixeirciseis in reiducing neiuroipathic pain and improiving neirvei functioin in 
peioiplei with typei 2 diabeiteis. 

RESEARCH METHODE 
This study applieid a quasi-eixpeirimeintal deisign with a preiteist–poistteist cointroil groiup approiach. 
Thei study was coinducteid in thei Karang Pulei Coimmunity Heialth Ceinteir, Mataram City, and laste id 
foir foiur weieiks. Thei samplei coinsisteid oif 30 reispoindeints, divideid intoi 15 peioiplei eiach in thei 
inteirveintioin groiup and 15 peioiplei in thei cointroil groiup, seileicteid throiugh a purpoisivei sampling 
teichniquei baseid oin inclusioin criteiria. Thei inclusioin criteiria includeid: Patieints diagnoiseid with 
diabeitic neiuroipathy, deiteirmineid baseid oin a Doiuleiur Neiuroipathiquei 4 (DN4) scoirei ≥ diagnoistic 
threishoild and a 10-gram moinoifilameint teist reisult indicating impaireid seinsatioin, ageid 40–70 yeiars, 
Noi seiveirei coimoirbiditieis (eind-stagei reinal failurei, seiveirei stroikei, seiveirei heiart diseiasei), willing toi 
participatei in thei study until coimpleitioin. The intervention group received foot exercises and 
Trigona honey for four weeks. The exercises were performed three times a week, lasting 
approximately 15–20 minutes each session, and 30 grams of Trigona honey was administered 
orally daily. Data weirei coilleicteid using a Visual Analoig Scalei (VAS) toi meiasurei thei leiveil oif 
neiuroipathic pain, whilei peiripheiral neirvei functioin was asseisseid throiugh a 10-g moinoifilameint 
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eixaminatioin toi asseiss seinsoiry reispoinseis toi light preissurei. Data analysis was peirfoirmeid using a 
paireid t-teist and an indeipeindeint t-teist, using a significancei leiveil oif p < 0.05. 

REiSULTS AND DISCUSSIOiN 
   

Tabeil 1. Distributioin oif reispoindeints by geindeir 
Geindeir F % 

Feimalei 9 60.0 
Malei 6 40.0 

Toital 15 100 

 
Baseid oin thei reisults oif thei reiseiarch in thei inteirveintioin groiup in tablei 1. freiqueincy 

distributioin oif reispoindeints baseid oin geindeir, it can bei seiein that oif thei toital oif 15 reispoindeints, thei 
majoirity oif reispoindeints weirei feimalei, nameily 9 reispoindeints (60.0%), whilei theirei weirei 6 malei 
reispoindeints (40.0%). 

 
Tabeil 2. Distribution of respondents by gender   

Gender F % 

Female 11 73.3 
Male 4 26.7 

Toital 15 100 

 
Baseid oin thei reisults oif thei study oin thei cointroil groiup (leig eixeirciseis) in Tablei 2, thei 

freiqueincy distributioin oif reispoindeints by geindeir shoiws that oif thei 15 reispoindeints, thei majoirity 
weirei feimalei (11 reispoindeints (73.3%), whilei 4 reispoindeints weirei malei (26.7%). 

Thei reisults oif this study shoiw that woimein suffeir moirei froim Diabeiteis Meillitus than mein 
(Samapati eit al., 2023). Theisei findings suppoirt preivioius reiseiarch suggeisting that woimein arei at 
greiateir risk oif eixpeirieincing deicreiaseid foioit seinsitivity duei toi thei deiclinei in eistroigein during 
meinoipausei. Eistroigein plays a roilei in maintaining balanceid bloioid sugar leiveils and increiasing fat 
stoiragei, whilei proigeisteiroinei heilps noirmalizei bloioid sugar leiveils and utilizei fat as an eineirgy soiurcei 
(Nani eit al., 2022). 

 
Tabeil 3. Distributioin by agei 

N Minimum Maximum Meian SD 

Agei 15 45 69 57.73 7.573 
Valid N (listwisei) 15   

 
Baseid oin thei reisults oif thei reiseiarch in thei inteirveintioin groiup oif reispoindeints, whein vieiweid 

froim agei, oif thei 15 participants, thei maximum agei was 69 yeiars, thei minimum agei was 45 yeiars 
with an aveiragei agei oif reispoindeints oif 57.73 yeiars, and a standard deiviatioin oif 7,573 

 
Tabeil 4. Distributioin by Agei 

N Minimum Maximum Meian SD 

Agei 15 45                    67 56.13 5.502 
Valid N (listwisei) 15   

 
Baseid oin thei reisults oif thei study in thei cointroil groiup (foioit eixeirciseis), oif thei 15 

reispoindeints, thei maximum agei was 67 yeiars, thei minimum agei was 45 yeiars, with a meian agei oif 
56.13 yeiars, and a standard deiviatioin oif 5.502. 

Reiseiarch shoiws that aging significantly deicreiaseis thei functioin oif pancreiatic beita ceills, 
reiducing theiir ability toi proiducei insulin eiffeictiveily (Koimariah, 2020). Accoirding toi Syamsul 
(2021), agei oiveir 30 is a risk factoir foir T2DM beicausei it is assoiciateid with a deiclinei in thei boidy's 
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anatoimical, physioiloigical, and bioicheimical functioins. Diabeiteis meillitus geineirally oiccurs moirei 
freiqueintly in thoisei ageid 45 yeiars and oildeir, whein thei aging proiceiss beigins toi reiducei beita ceill 
capacity. 

 
Tablei 5. Eiffeictiveineiss oif diabeitic foioit eixeirciseis oin foioit seinsitivity in patieints with typei 2 diabeiteis meillitus in 

thei Karang Pulei Coimmunity Heialth Ceinteir, Mataram City 
                                Foot sensitivity      Tieis Negativei ranks Positiv Rank P value 

Week 1 

Pre Test-Pos tes Right Foot 5 1           9 0.013 
Right Foot     

Pre Test-post tes Leift Foot  5 9          1 0.013 
Left Foot     

Week 2      

Pre Test-Pos tes Right Foot 2 0          13 0.001 
Right Foot     

Pre Test-post tes Left Foot  8 2           5 0.083 
Left Foot     

Week 3 

Pre Test-post tes Right Foot 8 1           6                   0.053 
Right Foot     

Pre Test-post tes Left Foot  6 6           3                     0.248 
Left Foot     

Week 4 

Pre Test-post tes Right Foot 4 1          10 0.008 
Right Foot     

Pre Test-post tes Left Foot  4 5            6 0.854 
Left Foot     

 
The study results indicate that diabetic foot exercise intervention significantly improved 

foot sensitivity in people with T2DM, particularly in the right foot. Based on the Wilcoxon Signed 
Rank Test, right foot sensitivity significantly improved in the first week (p = 0.013), the second 
week (p = 0.001), and the fourth week (p = 0.008), while the third week showed improvement (p = 
0.053). Conversely, left foot sensitivity showed inconsistent improvement and was only significant 
in the first week (p = 0.013), while the second to fourth weeks showed no significant change (p > 
0.05). 

The improvement in foot sensitivity in this study suggests that diabetic foot exercisei can 
stimulatei peripheral nervei function, particularly in the lower extremities, which commonly 
experiencei neuropathy in people with T2DM. These exercises involvei dorsiflexion, plantarflexion, 
inversion, and eversion movements, which can increasei blood flow to the foot's nervei tissue and 
improvei nerve conduction. This mechanism aligns with the theoiry that peripheral muscle activity 
can improve neurovascular coupling, the relationship between blood perfusion and nerve activity, 
thus improving sensation and neurological responses (Rodica et al., 2017). 

These findings align with research by Inayah, 2023 and Mustika et al., 2022, which reported 
that consistent diabetic foot exercises for four weeks improved peripheral nervei function and foot 
sensitivity in people with diabetc neuropathy. Another study by Purwaningsih et al., 2023 also 
showed similar results, where type 2 diabetes patients who performed foot exercises two to three 
times a week experienced improved vibration and tactile sensation compared to the control group. 

The more consistent improvement in sensitivity in the right foot may be due to the 
dominant use of the right foot in daily activities. Dominance of a particular side of the body can 
provide a more optimal training effect on the more functionally active side. According to (Nur, 
Hasrul, 2021), the dominant limb generally has a better neuromuscular responsei than the non-
dominant side, thus the training effects can be more significant. 

Fluctuations in the results in the left foot may also be due to differing degrees of 
neuropathy among respondents. In some cases, one foot may experience more severei neuropathy 
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than the other. Studies by (Tesfayei et al., 2010); (Gracia-Sáncheiz eit al., 2025) report that diabetic 
neuropathy is not always symmetrical, and the progression of nervei damagei can differ between 
the left and right feet, thus varying responses to physical interventions. 

A four-week intervention appears to have a significant impact on peripheral nervei 
sensitivity, particularly in the second and fourth weeks. This is consistent with research by 
(Khusniyati et al., 2024); (Zellers et al., 2026) which explains that improvements in nervei 
conduction duei toi exercisei interventions typically begin to appear between the second and sixth 
weeks of therapy. 

Overall, this study confirms that diabetic foot exercises are simple yet effectivei exercises 
that improvei foot sensitivity and help prevent complications of diabetic neuropathy, although 
responses may vary between limbs. 

 
Tabeil 6.  Eiffeictiveineiss oif diabeitic foioit eixeirciseis oin pain in typei 2 diabeiteis meillitus suffeireirs in thei Karang 

Pulei Coimmunity Heialth Ceinteir woirk areia, Mataram City 
Pain Tes Negative Ratings Positive Ratings P-Value 

Week 1- 
Week 4 

8 7 0 0.014 
    

 
Baseid oin thei reisults oif thei Wilcoixoin Signeid Rank Teist oin pain leiveils beitweiein thei first 

and foiurth weieiks, thei scoireis weirei 8, neigativei ranks 7, and poisitivei ranks 0, with a p-valuei oif 
0.014. Theisei reisults indicatei that 7 reispoindeints eixpeirieinceid a deicreiasei in pain, 8 reispoindeints 
reimaineid unchangeid (noi changei), and noi reispoindeints eixpeirieinceid an increiasei in pain. A p-valuei 
<0.05 indicateis a statistically significant diffeireincei, thus coincluding that thei inteirveintioin was 
eiffeictivei in reiducing pain leiveils in reispoindeints. 

Thei reisults shoiweid a significant deicreiasei in pain beitweiein thei first and foiurth weieiks in 
patieints with typei 2 diabeiteis meillitus afteir participating in diabeitic foioit eixeirciseis (p = 0.014). Oif 
thei 15 reispoindeints, 7 eixpeirieinceid a deicreiasei in pain, 8 reispoindeints reimaineid unchangeid, and noi 
reispoindeints eixpeirieinceid an increiasei in pain. Theisei findings coinfirm that diabeitic foioit eixeirciseis 
havei a theirapeiutic eiffeict in reiducing pain, particularly thei neiuroipathic pain coimmoinly 
eixpeirieinceid by peioiplei with typei 2 diabeiteis. 

This pain reiductioin can bei eixplaineid by thei physioiloigical meichanisms oif foioit eixeirciseis, 
which increiasei bloioid circulatioin toi thei loiweir eixtreimitieis, improivei oixygein diffusioin toi tissueis, 
and reiducei thei stagnatioin oif pain-causing meitaboiliteis. Doirsifleixioin, plantarfleixioin, and streitching 
moiveimeints oif thei foioit muscleis heilp activatei thei musclei pump and improivei peiripheiral neirvei 
peirfusioin, theireiby reiducing thei freiqueincy oif pain impulseis causeid by neiuroipathy (Indarti & 
Palupi, 2018). Theisei reiseiarch findings align with a study (Pradana & Pranata, 2023) shoiwing that 
reigular foioit eixeirciseis peirfoirmeid foir foiur weieiks can reiducei neiuroipathic pain leiveils in patieints 
with typei 2 diabeiteis. Anoitheir study by (Quroitulnguyun eit al., 2020) alsoi reipoirteid that diabeitic 
foioit eixeirciseis can reiducei pain by increiasing neirvei coinductioin veiloicity and improiving peiripheiral 
neirvei functioin. Furtheirmoirei, (Ustadiyah eit al., 2024) foiund that streitching and joiint moibilizatioin 
activitieis in thei loiweir eixtreimitieis can reiducei mild inflammatioin in neirvei tissuei and improivei 
patieint coimfoirt. 

Thei significant reiductioin in pain within foiur weieiks oif this inteirveintioin alsoi suggeists that 
light, structureid eixeircisei can proividei reilativeily rapid heimoidynamic and neiuroiloigical eiffeicts. This 
is coinsisteint with stateimeints (Brahmantia eit al., 2020) and (Prameisti, 2023) that pain improiveimeint 
froim peiripheiral neirvei stimulatioin typically beigins toi bei seiein beitweiein thei seicoind and sixth weieiks 
oif physical theirapy. Oiveirall, thei reisults oif this study streingthein thei eivideincei that diabeitic foioit 
eixeirciseis arei an eiffeictivei, safei, and eiasy-toi-impleimeint noin-pharmacoiloigical inteirveintioin toi heilp 
reiducei neiuroipathic pain in peioiplei with typei 2 diabeiteis meillitus. 

The clinical implications of these findings include the need for an individualized 
therapeutic approach (personalized care) and regular evaluation of the intervention's 
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effectiveness. Patients who do not experience pain relief may require a combination of additional 
therapies, both pharmacological and non-pharmacological, or a longer intervention duration to 
achieve optimal results. However, the absence of increased pain in all respondents indicates that 
diabetic foot exercises are a safe intervention and remain beneficial as supportive therapy in 
preventing neuropathy worsening. This is supported by the International Diabetes Federation 
(2021), which states that structured physical activity plays a crucial role in improving nerve 
function and quality of life for diabetes patients. 

 

CONCLUSION 
Thei reiseiarch findings indicatei that diabeitic foioit eixeirciseis arei eiffeictivei in reiducing neiuroipathic 
pain and increiasing foioit seinsitivity in patieints with Typei 2 Diabeiteis Meillitus. Afteir foiur weieiks oif 
inteirveintioin, theirei was a significant reiductioin in pain (p = 0.014) and an increiasei in peiripheiral 
neirvei seinsitivity. Right foioit seinsitivity increiaseid significantly in thei first weieik (p = 0.013), thei 
seicoind weieik (p = 0.001), and thei foiurth weieik (p = 0.008), whilei thei leift foioit shoiweid a significant 
increiasei in thei first weieik (p = 0.013). Thus, foioit eixeirciseis can bei reicoimmeindeid as a safei, 
ineixpeinsivei, and eiasily impleimeinteid noin-pharmacoiloigical inteirveintioin in primary heialthcarei toi 
heilp cointroil diabeitic neiuroipathy coimplicatioins in patieints with typei 2 diabeiteis.  

This study has limitations such as its quasi-experimental design without randomization, its 
small sample size and limited study site, and the use of subjective measurements, which limit the 
generalizability and accuracy of the results. For further development, it is recommended that 
research use a randomized controlled trial (RCT) design with a larger sample size and multi-center 
involvement. It also recommends testing the effectiveness of combination therapy using more 
objective measurement tools and a longer follow-up period to obtain stronger and more 
comprehensive evidence. 
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