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ABSTRACT 

Type 2 diabetes mellitus (T2DM) is a chronic disease with frequent vascular complications, 

including decreased peripheral perfusion, which can be identified through the Ankle Brachial 

Index (ABI) examination. Simple interventions such as Range of Motion (ROM) ankle 

exercises have the potential to improve lower extremity perfusion, but empirical evidence in 

primary care is still limited. This study aimed to determine the effect of ankle ROM exercises 

on ABI values in patients T2DM at Puskesmas Kotabumi II. This study used a quasi-

experimental design with a pre-posttest approach without a control group on 52 respondents 

selected through consecutive sampling. The intervention consisted of active ankle ROM 

exercises performed three times daily for 14 days. ABI values were measured before and after 

the intervention using a sphygmomanometer and vascular Doppler. Data analysis using paired 

t-test. The mean ABI value increased from 0.71 (SD=0.16) before the intervention to 0.94 

(SD=0.12) after the intervention. A paired t-test showed a significant difference between the 

ABI values before and after ankle ROM exercises (p=0.000). Ankle ROM exercises have been 

shown to be effective in increasing ABI values in patients T2DM, so it can be recommended 

as a simple non-pharmacological intervention in primary care facilities to support the 

prevention of diabetic foot complications. 
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INTRODUCTION 

Type 2 Diabetes Mellitus (T2DM) is a non-communicable disease resulting from the 

interaction of various genetic, physiological, environmental, and behavioral factors. It 

represents an increasingly significant health issue due to the potential for various vascular 

complications (Abiodun et al., 2021). A common complication associated with T2DM is 

Peripheral Arterial Disease (PAD), a condition that impairs blood flow to the lower extremities 

and, in advanced stages, increases the risk of diabetic foot complications, including ulcers and 

amputation (Zemaitis et al., 2026). Impaired peripheral perfusion in T2DM patients warrants 

attention, as the condition can progress over time and often lacks characteristic symptoms 

during the early stages (McDermott et al., 2023; Rany et al., 2024). The Ankle-Brachial Index 

(ABI) is a simple assessment tool used to evaluate peripheral perfusion. Low ABI values are 

associated with an increased risk of cardiovascular events and diabetic foot complications such 

as ulcers and amputation; consequently, the ABI serves as both a screening tool and a 

prognostic indicator for T2DM patients (Alves-Cabratosa et al., 2019; Anisah et al., 2024). 

These findings highlight the importance of nursing interventions aimed at maintaining or 

improving lower-extremity perfusion—along sides level management—as a strategy to prevent 

vascular complications in patients of T2DM  (Đermanović Dobrota et al., 2024),. 

Globally, diabetes is a major health issue affecting a vast number of people. The 

International Diabetes Federation (IDF) reports that approximately 589 million adults aged 20–

79 years are living with diabetes worldwide—roughly one in nine adults—and the disease was 

responsible for approximately 1.2 million deaths in 2024. Indonesia ranks fifth globally in 

terms of the number of diabetes patients, following China, India, Pakistan, and United States 

(Perkeni, 2021; Sun et al., 2022; Yu et al., 2025). At the national level, results from the  Survei 

Kesehatan Indonesia (SKI) 2023, indicate an increase in diabetes prevalence compared to the 

Riset Kesehatan Dasar (Riskesdas) 2018—rising from 10.9% to 11.7%—while the prevalence 

of diabetes mellitus (DM) based on physician diagnosis increased from 1.0% in 2018 to 1.2% 

in 2023  (BKPK, 2024). This issue is also evident at the local level; data from the North 

Lampung Regency Health Office show that the number of new T2DM cases rose from 501 in 

2018 to 561 in 2019 and 649 in 2020 (Dinkes Kabupaten Lampung Utara, 2021). The 

substantial burden of managing diabetes has implications for healthcare services, including 

primary care nursing, as the rising number of T2DM patients potentially drives an increased 

need for screening, complication monitoring, patient education, and non-pharmacological 

interventions aimed at maintaining lower-extremity function and perfusion (Perkeni, 2021; 

Rany et al., 2024; Syeda et al., 2023). 
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Peripheral perfusion impairment in T2DM is a key concern in the management of 

diabetic complications; consequently, T2DM management is approached comprehensively 

through blood glucose monitoring, pharmacological therapy, nutritional therapy, physical 

activity, and education regarding complication care and prevention (Perkeni, 2021; Rafiq et al., 

2022; Smeltzer & Bare, 2014) However, interventions specifically aimed at improving 

peripheral perfusion through simple physical exercises—such as ankle mobility exercises—

remain relatively uncommon (Alves-Cabratosa et al., 2019; Natsuaki et al., 2014). Previous 

research has largely focused on more complex or combined exercises, such as Buerger-Allen 

exercises, which utilize gravitational positional changes and the muscle pump mechanism to 

facilitate lower-extremity circulation (Lutfian et al., 2025; Pi et al., 2018; Utama & Nainggolan, 

2021). A study by  Pebrianti (2018), demonstrated that Buerger-Allen exercises could improve 

peripheral perfusion and Ankle-Brachial Index (ABI) values in patients with diabetic foot 

ulcers. Physiologically, ROM ankle exercises can enhance calf muscle pump efficiency, 

improve venous return, and stimulate distal perfusion through simple hemodynamic 

mechanisms (Suza et al., 2020). Furthermore, joint exercises and calf muscle strengthening 

have the potential to increase venous blood flow and muscle pump function; theoretically, this 

could improve ABI or slow the progression of peripheral ischemia in T2DM patients (Anisah 

et al., 2024). Nevertheless, empirical evidence directly linking ankle ROM protocols to changes 

in ABI among T2DM patients remains inconsistent due to variations in study designs, 

population characteristics, and healthcare settings (Anisah et al., 2024; Kropp et al., 2018; 

Mehana et al., 2023). 

One potential approach to addressing this need is ROM ankle exercise—a simple, easy-

to-perform, non-pharmacological intervention that requires no special equipment and can be 

integrated into nursing care within primary healthcare facilities (Abiodun et al., 2021; Miranda 

et al., 2021; Yu et al., 2025). Theoretically, this exercise can optimize the lower-extremity 

muscle pump and support peripheral circulation, consequently, changes in ABI values can 

serve as an objective indicator for evaluating perfusion response following the intervention 

(Panou et al., 2026; Pebrianti, 2018; Suza et al., 2020; Utama & Nainggolan, 2021). 

 

METHODS 

Study Design 

This study employed a quasi-experimental design with a pre- and post-test approach—

without a control group—to evaluate the effect of ankle ROM exercises on the ABI of patients 

with T2DM in Puskesmas Kotabumi II.  
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Population, Sample, and Sampling Technique 

The study population consisted of all patients with Type 2 Diabetes Mellitus (T2DM) 

undergoing treatment and routine follow-up. A sample of 52 respondents was selected using 

consecutive sampling based on the following inclusion criteria: (a) willingness to participate 

by signing an informed consent form, (b) a diagnosis of T2DM, (c) use of oral hypoglycemic 

medication, and (d) a T2DM duration of five years or less.  

Instruments 

ABI measurements were performed using a sphygmomanometer and a vascular 

Doppler according to standard procedures. The intervention consisted of ROM ankle exercises 

administered via a structured protocol; this involved active dorsiflexion and plantarflexion of 

both the left and right ankles, performed three times daily with ten repetitions of each 

movement over a 14-day period. The study procedure began with a pre-intervention ABI 

measurement, followed by the administration of the ankle ROM exercises according to the 

protocol over the specified timeframe, and concluded with a post-intervention ABI 

measurement. 

Data Analysis 

Data normality testing was conducted using the Kolmogorov-Smirnov test. The results 

indicated that ABI values were normally distributed. Data analysis was performed using a 

paired t-test to compare ABI values before and after the intervention. 

Ethical Considerations 

This study received ethical approval from the Health Research Ethics Committee of the 

Faculty of Health Sciences, Universitas Muhammadiyah Pringsewu (registration number 

0452/KEPK/FKes/2025). Ethical principles were strictly adhered to throughout the study. Each 

respondent received a comprehensive explanation regarding the study's objectives, procedures, 

benefits, potential risks, and data confidentiality rights prior to signing the informed consent 

form. Respondent identities were protected using anonymous codes on research instruments 

and data storage documents. Participants also retained the right to withdraw from the study at 

any time without penalty or impact on their access to local healthcare services. 

 

RESULT 

This section presents data on the effect of ankle ROM exercises on the ABI of patients with 

T2DM, as follows: 
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Table 1. Respondent Characteristics 

Characteristics n % 

Sex 

Male 

Female 

 

25 

27 

 

48,1 

51,9 

Age 

Average 

Minimum 

Maximum 

 

58,4 years 

42 years 

74 years 

 

- 

Duration of T2DM 

Average 

Minimum 

Maximum 

 

2,6 years 

1 years 

5 years 

 

 

- 

 

Based on Table 1, most respondents were female (51.9%) the mean age was 58.4 years, ranging 

from a minimum of 42 years to a maximum of 74 years; and the mean duration of T2DM was 

2.60 years, with the shortest duration being 1 year and the longest 5 years. 

 

Tabl2 2. Distribution of ABI Before and After Intervention 

Variable Mean SD Min. – Max. 

ABI before 0,71 0,16 0,4 - 1.0 

ABI after 0,94 0,12 0,7 – 1,2 

 

Table 2 shows that the mean ABI before ankle ROM training is 0.71 (SD = 0.16). The lowest 

ABI is 0.4 and the highest is 1.0. The mean ABI after ankle ROM training was 0.94 (SD = 

0.12). The lowest ABI is 0.7 and the highest is 1.2. 

 

Table 3. Differences in ABI Before and After Intervention 

Variabel n Mean SD p-value 

ABI before 
52 

0,71 0,16 
0,000 

ABI after 0,94 0,12 

 

Based on Table 3, the mean ABI before ankle ROM exercises was 0.71 (SD = 0.16), whereas 

the mean ABI after exercises was 0.94 (SD = 0.12). There was a difference in the mean values 

between the before and after intervention measurements, with a p-value of 0.000 (p < α). 

 

DISCUSSION 

The following is a discussion regarding the effect of ankle ROM exercises on ABI in 

patients with T2DM: 
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Respondent Characteristics 

The study results indicate that out of a total of 52 respondents, the majority were female, 

comprising 27 respondents (51.9%). According to Gado (2024), differences in body fat 

distribution and muscle mass between male and female are important factors influencing 

insulin sensitivity, as women tend to exhibit subcutaneous fat accumulation that can impact 

glucose and insulin metabolism. 

Among the 52 respondents, the mean age was 58.40 years, ranging from a minimum of 

42 years to a maximum of 74 years. In patients with T2DM classified as late-stage elderly (56–

65 years), blood vessels tend to exhibit stiffness; therefore, monitoring is required to anticipate 

the development of PAD (Perkeni, 2021).  

The average duration of T2DM was 2.60 years. The longest duration of T2DM was 1 

year, and the longest was 5 years. According to Smeltzer & Bare (2014), long-standing disease 

processes and aging cause changes in blood vessel walls, thereby affecting the transport of 

oxygen and nutrients to tissues. The intima thickens due to cellular proliferation and fibrosis. 

Fibers in the media undergo calcification, thinning, and fragmentation, while collagen 

accumulates in both the intima and the media. These changes lead to vascular stiffness, 

resulting in increased peripheral vascular pressure, impaired blood flow, and increased left 

ventricular workload (Boulton et al., 2020; Ming et al., 2019). Similarly, the duration of T2DM 

can exacerbate the risk of diabetic complications, one of which is diabetic foot. (Rany et al., 

2024). 

ABI Before Ankle ROM Exercise 

Based on the research results, it shows that the average ABI value before ankle ROM 

exercise was 0.71 (SD = 0.16) with the lowest ABI value being 0.4 and the highest being 1.0. 

According to Alves-Cabratosa et al. (2019) patients with T2DM exhibit a decrease in ABI 

values, serving as an indicator of the development of microvascular and macrovascular 

complications. 

Many factors influence ABI values, such as diabetes, smoking, obesity, and high blood 

triglyceride levels (Đermanović Dobrota et al., 2024). Patients with T2DM and an ABI value 

of 0.6–0.8—interpreted as borderline perfusion—are at two to three times the risk of 

developing peripheral vascular obstruction (specifically PAD) compared to non-diabetic 

patients. (Natsuaki et al., 2014). In states of borderline perfusion, primary symptoms of PAD—

specifically pain in the buttocks or calves during walking (intermittent claudication)—begin to 

manifest (Potter et al., 2020; Smeltzer & Bare, 2014). Pain arises due to blood vessel occlusion, 
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which prevents blood flow from meeting nutritional demands—particularly in the lower 

extremities—during periods of increased metabolic activity (Kim, 2023; Zemaitis et al., 2026). 

ABI After Ankle ROM Exercise 

Based on the research results, it shows that after ankle ROM exercises, the average ABI 

value of respondents was 0.94 (SD = 0.12) with the lowest ABI value being 0.7 and the highest 

being 1.2. This is in line with Abiodun et al., (2021) it is stated that a normal ABI interpretation 

(>0.9–1.3) indicates proper blood circulation without significant peripheral vascular 

obstruction, thereby ensuring that the nutritional and oxygen requirements of the lower 

extremities are adequately met. Ankle ROM exercise is a form of physical activity for patients 

with T2DM. The effects of this exercise include lowering blood glucose levels, improving 

blood circulation, enhancing muscle glucose uptake, and improving insulin utilization. (Gado 

et al., 2024; Utama & Nainggolan, 2021). 

Difference in ABI Before and After Ankle ROM Exercises. 

The results of the study showed a significant difference between the mean ABI values 

before and after ankle ROM exercises (p-value = 0.000). This means that ankle ROM 

influences ABI values. This is in line with the results of Utama & Nainggolan (2021), that 

patients with T2DM experienced an increase in ABI after receiving an intervention in the form 

of ankle ROM exercises. Physical exercises involving ankle ROM—specifically dorsiflexion 

and plantarflexion—can enhance calf muscle pumping, a process crucial for venous return and 

the improvement of venous circulation. Performing ankle ROM exercises stimulates muscle 

activity, a phenomenon consistent with the acute metabolic theory regarding local blood flow 

known as active hyperemia. Active hyperemia involves an increase in local metabolism, 

enabling cells to rapidly obtain nutrients from the bloodstream while simultaneously releasing 

vasodilating substances (Syeda et al., 2023; Yu et al., 2025; Zemaitis et al., 2026). 

Consequently, vasodilation occurs in the blood vessels surrounding the foot, leading to 

increased local blood flow (Alves-Cabratosa et al., 2019; Kropp et al., 2018; Natsuaki et al., 

2014; Pi et al., 2018). 

This is in line with several previous studies showing that ankle ROM exercises in people 

with T2DM can improve ABI values (Natsuaki et al., 2014; Pi et al., 2018; Suza et al., 2020). 

The isotonic exercises, such as active ROM exercises, can improve muscle tone, mass, and 

strength, while also maintaining joint flexibility and circulation. During isotonic exercise, heart 

rate and cardiac output increase, thereby enhancing blood flow throughout the body (Potter et 

al., 2020). Exercise combined with dietary management serves as the first-line therapy for 

patients with diabetes mellitus. According to this view, exercise helps control blood glucose 
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levels, thereby preventing other conditions caused by elevated blood glucose (Abiodun et al., 

2021; Syeda et al., 2023). 

Simple physical exercises—specifically ankle ROM exercises—performed routinely and 

consistently by patients with T2DM can prevent future complications and help maintain normal 

ABI values (Bus et al., 2020; Miranda et al., 2021). These exercises are part of a secondary 

prevention program targeting risk factors for diabetic complications, particularly diabetic foot 

issues and amputation (Kropp et al., 2018; Pebrianti, 2018; Suza et al., 2020; Utama & 

Nainggolan, 2021). 

This study has several strengths, particularly the practical nature of ankle ROM exercises, 

which are simple, relatively inexpensive, and potentially easy to implement in community 

healthcare settings as part of routine care for patients with T2DM. In addition, the use of the 

ABI as an objective outcome measure provides a quantitative assessment of peripheral arterial 

status, allowing changes following the intervention to be evaluated. However, a key limitation 

is the need for a control group as a standard comparator to determine whether the observed 

changes in ABI can be attributed to the ankle ROM intervention rather than to other factors. 

Without an appropriate control group, the causal relationship between the intervention and the 

observed outcomes cannot be established with confidence, and the findings should therefore 

be interpreted cautiously. Future studies incorporating a control group and adequate control of 

potential confounding factors are needed to provide stronger evidence regarding the 

effectiveness of ankle ROM exercises in patients with T2DM. 

 

CONCLUSION 

The study results indicate that ankle ROM exercises can increase ABI values in patients 

with T2DM at community health centers, signifying an improvement in peripheral blood flow 

following the intervention. These findings reinforce the potential of ankle ROM exercises as a 

simple, safe, and easily implementable non-pharmacological intervention within primary 

healthcare settings to help prevent diabetic foot complications. Results should be interpreted 

with caution, however, as the study lacked a control group and involved a relatively small 

sample size. To more robustly confirm the effectiveness of ankle ROM exercises, further 

research employing a more rigorous experimental design and a longer intervention duration is 

required. 
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