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Abstract 
Background: Diabetic Foot Ulcer (DFU) is a serious complication of diabetes mellitus associated with pain, impaired mobility, 
functional limitation, and increased risk of amputation. Physiotherapy may support safe mobilization and functional recovery in 
patients with active DFU; however, evidence regarding exercise-based physiotherapy during acute DFU management remains 
limited. 
Objective: To evaluate the short-term clinical outcomes of exercise-based physiotherapy intervention in a patient with DFU. 
Methods: This case report followed the CARE guideline and involved a 60-year-old female patient with DFU treated at PKU 
Muhammadiyah Hospital, Yogyakarta, Indonesia. The patient received four physiotherapy sessions consisting of active range of 
motion exercise, quadriceps setting exercise, stretching, ankle pump exercise, and diaphragmatic breathing exercise. Outcomes 
were evaluated using the Numeric Rating Scale (NRS), goniometric range of motion (ROM) measurement, Manual Muscle Testing 
(MMT), sensory examination, and Barthel Index. 
Results: Movement pain decreased from 4/10 to 1/10 on the NRS. Hip flexion ROM improved from 100° to 120°, while knee flexion 
ROM increased from 85° to 90°. Muscle strength remained stable at MMT grade 4/5, and sensory examination findings remained 
hypoesthetic. Although the Barthel Index score remained 25, the patient demonstrated improved independent sitting ability. No 
adverse events were identified during intervention. 
Conclusion: Exercise-based physiotherapy demonstrated positive short-term clinical outcomes in reducing pain, improving joint 
mobility, and supporting early functional mobility in a patient with DFU. Further studies with objective wound-healing parameters and 
longer follow-up periods are recommended. 
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Introduction 

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from impaired 
insulin secretion, insulin action, or both. The global prevalence of diabetes continues to increase substantially and has become a 
major public health burden worldwide.1  According to the International Diabetes Federation, approximately 537 million adults were 
living with diabetes in 2021, and this number is projected to increase to 783 million by 2045.2 Chronic hyperglycemia contributes to 
various microvascular and macrovascular complications that significantly reduce quality of life and increase morbidity and mortality 
rates.3  Among these complications, Diabetic Foot Ulcer (DFU) is considered one of the most serious and disabling manifestations 
because it is strongly associated with infection, prolonged hospitalization, lower extremity amputation, and high mortality rates.4   

Diabetic foot ulcer (DFU) is defined as a full thickness wound located below the ankle in a person with diabetes and is 
commonly associated with peripheral neuropathy and peripheral artery disease, which may contribute to impaired tissue healing.5 
The pathophysiology of DFU is multifactorial and involves chronic inflammation, endothelial dysfunction, oxidative stress, impaired 
angiogenesis, and abnormal immune responses caused by prolonged hyperglycemia. Persistent hyperglycemia promotes the 
formation of advanced glycation end products (AGEs), activation of inflammatory pathways, and microvascular dysfunction, which 
collectively impair tissue regeneration and increase susceptibility to infection.6 In addition, diabetic peripheral neuropathy contributes 
to the loss of protective sensation, thereby increasing the risk of repetitive and unnoticed trauma and delayed detection of tissue 
injury.6 These mechanisms explain why DFU frequently develops into chronic wounds with poor healing outcomes and elevated 
amputation risk.4  

The clinical burden of diabetic foot ulcers remains substantial worldwide. The lifetime risk of developing a DFU is estimated 
at 19%–34%, and approximately 20% of affected individuals may require lower-extremity amputation, representing one of the most 
severe complications of diabetic foot disease.7  In Indonesia, DFU prevalence is also considered high and contributes significantly to 
hospitalization among patients with diabetes mellitus.8  Delayed wound healing, recurrent infection, pain, impaired mobility, and 
functional dependency further worsen the physical and psychosocial condition of affected individuals. Therefore, comprehensive 
multidisciplinary management is required to optimize wound healing, maintain functional independence, and reduce disability.9  

Current DFU management primarily focuses on glycemic control, infection management, wound debridement, pressure 
offloading, vascular management, and appropriate wound dressing.10  However, prolonged immobilization during hospitalization often 
contributes to muscle weakness, joint stiffness, impaired circulation, reduced mobility, and decreased functional capacity in patients 
with active DFU.11 In this context, physiotherapy may provide an important adjunctive role in maintaining joint mobility, improving 
circulation, preserving muscle performance, reducing pain, and supporting early functional mobilization through safe and 
individualized exercise interventions.12  Exercise-based physiotherapy interventions such as range of motion (ROM) exercise, ankle 
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pump exercise, stretching, breathing exercise, and isometric strengthening have been reported to improve peripheral circulation, 
venous return, pain modulation, and physical function in patients with diabetes-related lower extremity disorders.13  

Despite the potential benefits of physiotherapy, evidence regarding exercise-based physiotherapy management in patients 
with active DFU remains limited. Most previous studies primarily focused on wound care management, pressure redistribution, or 
surgical and pharmacological interventions, while the role of physiotherapy in improving short-term clinical and functional outcomes 
during acute DFU management has not been extensively reported.12  Furthermore, concerns regarding exercise safety in patients 
with neuropathy and active ulceration often limit early mobilization approaches in clinical practice.13 Consequently, additional clinically 
detailed case-based evidence is needed to describe the feasibility, safety, and potential benefits of physiotherapy interventions in 
patients with active DFU. 

This case report has important clinical and educational value because it demonstrates the implementation of exercise-based 
physiotherapy intervention in a hospitalized patient with active DFU who experienced pain, limited joint mobility, hypoesthesia, and 
severe functional dependency. In addition to reporting objective clinical outcomes, this report also highlights the role of physiotherapy 
in facilitating early mobilization and short-term functional improvement while maintaining patient safety during intervention. Therefore, 
this case report aimed to evaluate the short-term clinical outcomes of exercise-based physiotherapy intervention on pain, range of 
motion, muscle strength, sensory status, and functional ability in a patient with Diabetic Foot Ulcer. 
 
Methods 

This study was conducted using a case report design following the CARE (CAse REport) guideline for clinical case reporting. 
The study was carried out at PKU Muhammadiyah Hospital, Yogyakarta, Indonesia, in September 2025. Written informed consent 
was obtained from the patient prior to participation and publication of clinical information. The patient agreed to undergo physiotherapy 
intervention and clinical evaluation throughout the treatment period.14 Ethical approval information from the institutional review board 
should be added if available. 

The subject was a 60-year-old female patient diagnosed with DFU who was hospitalized due to lower extremity weakness, 
edema, pain, and mobility limitation. The patient had experienced progressive lower extremity symptoms for approximately 20 days 
prior to hospitalization and had remained bedridden for four days after admission to the emergency department. Initial clinical 
examination revealed ulceration in the lower extremity region accompanied by swelling and previous purulent discharge. The patient 
also demonstrated limited active lower limb movement, hypoesthesia, and severe functional dependency during early hospitalization. 

The patient had a body weight of 75 kg, height of 156 cm, body mass index (BMI) of 30.8 kg/m², blood pressure of 140/95 
mmHg, pulse rate of 89 beats/minute, and random blood glucose level of 387 mg/dL. Clinical inspection demonstrated redness 
around the patellar, gastrocnemius, and tibialis anterior regions with bandaged ulcer areas on the lower extremity. The patient also 
presented with arterial ulcer characteristics around the knee region without visible active purulent exudate after debridement. 
Palpation examination demonstrated tenderness surrounding the wound area. Active movement assessment revealed limited hip and 
knee flexion associated with pain, whereas passive movement could achieve full range of motion despite discomfort. Isometric 
examination demonstrated reduced lower extremity muscle strength during resistance testing. 

Sensory examination was performed using sharp and dull discrimination and light touch testing, with hypoesthetic responses 
indicating impaired peripheral sensation consistent with diabetic peripheral neuropathy. Functional ability was assessed using the 
Barthel Index, with an initial score of 25 indicating severe dependence in activities of daily living. Pain intensity was evaluated using 
the Numeric Rating Scale (NRS), while joint range of motion (ROM) was measured using a standard goniometer. Muscle strength 
was assessed using Manual Muscle Testing (MMT). These instruments are widely used in rehabilitation practice because of their 
clinical practicality, although their reliability and measurement properties may vary according to the instrument, testing procedure, 
and patient population.15  

The ulcer condition was classified according to the Wagner classification system for diabetic foot ulcers. Based on clinical 
examination, the patient was categorized as Wagner grade 3 due to deep ulceration accompanied by infection signs requiring 
previous debridement management.16  Although detailed wound surface measurement and objective wound assessment tools such 
as the Bates-Jensen Wound Assessment Tool or PUSH score were not available during hospitalization, wound monitoring was 
conducted regularly through observation of edema, erythema, exudate, and tissue condition throughout physiotherapy sessions.17 

During hospitalization, the patient also received standard medical management from the hospital team, including wound 
care and debridement procedures. However, detailed pharmacological information and dressing protocols were not fully accessible 
during data collection. Therefore, these concomitant interventions were considered potential confounding factors influencing clinical 
outcomes. 

Physiotherapy intervention was administered for four treatment sessions over the hospitalization period. Prior to intervention, 
the patient underwent clinical screening to ensure exercise safety considering the presence of active ulceration and diabetic 
neuropathy. Exercise intensity and progression were adjusted according to patient tolerance, pain response, fatigue level, and wound 
condition. Continuous monitoring was performed during intervention sessions to identify adverse responses such as increased pain, 
worsening edema, bleeding, excessive fatigue, or signs of wound aggravation. 

The physiotherapy program consisted of active range-of-motion exercises, quadriceps setting, stretching, ankle pump 
exercises, and diaphragmatic breathing. Active range-of-motion exercises targeted hip flexion, knee flexion-extension, and ankle 
dorsiflexion-plantarflexion to maintain joint mobility and support lower-limb physical function. Quadriceps setting was used as an 
isometric strengthening exercise, while gastrocnemius stretching was performed to address lower-limb stiffness and maintain ankle 
flexibility. The exercise dosage was individualized according to the patient’s clinical condition and tolerance.18  Ankle pump exercise 
was prescribed to facilitate venous return and reduce edema through repetitive dorsiflexion and plantarflexion movements.19  In 
addition, diaphragmatic breathing exercise was implemented to promote relaxation and reduce pain perception during 
hospitalization.20  

To provide a clearer description of the clinical course and intervention process according to the CARE guideline, the patient 
timeline is presented below. 
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Figure 1. Clinical Flowchart of Exercise-Based Physiotherapy Intervention and Patient Progression in Diabetic Foot Ulcer 

Data analysis was performed descriptively by comparing baseline and post-intervention clinical findings. Outcome changes 
were interpreted narratively to evaluate short-term clinical responses following physiotherapy intervention. Due to the single-patient 
case report design, no inferential statistical analysis was conducted. 
 
Results 

The patient completed four physiotherapy sessions during hospitalization without adverse events or worsening wound 
conditions. Throughout the intervention period, the patient demonstrated gradual improvement in pain intensity, joint mobility, and 
functional sitting ability. Clinical monitoring was also performed regularly to observe edema, inflammatory signs, wound condition, 
and exercise tolerance during each session. No increase in erythema, bleeding, excessive fatigue, or additional tissue injury was 
identified during physiotherapy intervention. 

To provide a clearer overview of the patient’s clinical progression, the main outcomes before and after physiotherapy 
intervention are presented in Table 1. 
 
Table 1. Clinical Outcomes Before and After Physiotherapy Intervention 

Outcome Measure Baseline (T1) Final Evaluation (T4) 

Numeric Rating Scale (NRS) 4/10 1/10 

Hip Flexion ROM 100° 120° 

Knee Flexion ROM 85° 90° 

Manual Muscle Testing (MMT) 4/5 4/5 

Sharp-Dull Sensation Hypoesthetic Hypoesthetic 

Light Touch Sensation Hypoesthetic Hypoesthetic 

Barthel Index 25 25 
Abbreviations: NRS, Numeric Rating Scale; ROM, range of motion; MMT, Manual Muscle Testing. 

At baseline assessment, the patient reported movement-related pain in the hip region with an NRS score of 4/10. Following 
four physiotherapy sessions, pain intensity decreased to 1/10, indicating clinically meaningful pain reduction during movement 
activities. The patient also reported improved comfort during lower extremity mobilization and exercise participation at the end of the 
intervention period. 

Joint mobility assessment demonstrated improvement in lower extremity ROM after intervention. Hip flexion ROM increased 
from 100° at baseline to 120° during the final evaluation, while knee flexion ROM improved from 85° to 90°. Clinically, the patient 
demonstrated better tolerance during active lower limb movement and sitting activities compared with the initial assessment. 
Improvement in ROM was also accompanied by reduced movement guarding and lower pain response during exercise sessions. 

Muscle strength evaluation using MMT showed stable findings throughout the intervention period, with muscle strength 
remaining at grade 4/5 from baseline until the fourth session. Although no numerical increase in MMT score was identified, 
maintenance of muscle performance during acute hospitalization and limited mobility was considered clinically beneficial because 
the patient was able to participate actively in transfer and sitting activities without additional strength deterioration. 

Sensory examination findings remained unchanged during the intervention period. The patient continued to demonstrate 
hypoesthetic responses in both sharp-dull discrimination and light touch assessment at the final evaluation. Nevertheless, no 
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additional sensory deterioration, new necrotic tissue, or worsening inflammatory signs were identified during physiotherapy 
intervention. Continuous monitoring was performed throughout the exercise sessions considering the patient’s diabetic neuropathy 
and reduced protective sensation. 

Functional evaluation using the Barthel Index demonstrated a stable score of 25, indicating severe dependency in activities 
of daily living both before and after intervention. However, despite the unchanged quantitative score, qualitative functional 
improvement was observed clinically. During the final session, the patient was able to maintain independent sitting without assistance, 
which had not been achieved during the initial assessment. This finding indicated improvement in early functional mobility despite 
the absence of measurable changes in overall Barthel Index classification. 

In addition to musculoskeletal outcomes, regular wound observation was performed during each physiotherapy session to 
monitor patient safety and tissue response to exercise intervention. Although objective wound-healing parameters such as wound 
area measurement or standardized wound assessment scores were unavailable, observational findings demonstrated no visible 
worsening of edema, exudate, or inflammatory signs during the treatment period. The wound remained adequately protected with 
dressing management throughout hospitalization. 

To summarize the overall clinical progression according to the CARE guideline, the patient flow during intervention and 
evaluation is presented below. 

 

 
Figure 2. Clinical Flowchart of Physiotherapy Intervention and Outcome Progression in a Patient With Diabetic Foot Ulcer 

Overall, the findings demonstrated that exercise-based physiotherapy intervention was associated with positive short-term 
clinical outcomes, particularly in pain reduction, joint mobility improvement, exercise tolerance, and early functional sitting ability 
during acute DFU management. 
 
Discussion 

This case report demonstrated that exercise-based physiotherapy intervention was associated with positive short-term 
clinical outcomes in a hospitalized patient with Diabetic Foot Ulcer (DFU), particularly in reducing pain, improving joint mobility, 
maintaining muscle performance, and facilitating early functional mobility. Although objective wound-healing parameters were 
unavailable, the patient tolerated the intervention safely without worsening inflammatory signs, edema, or adverse events during the 
treatment period. These findings support the potential role of physiotherapy as an adjunctive intervention in the multidisciplinary 
management of active DFU. 

One of the main findings of this study was the reduction in movement-related pain from 4/10 to 1/10 after four physiotherapy 
sessions. Pain reduction is clinically important in patients with DFU because pain frequently limits mobility, delays rehabilitation, and 
contributes to prolonged physical inactivity during hospitalization.21  Previous studies suggested that controlled therapeutic exercise 
and joint mobilization may improve pain modulation through stimulation of mechanoreceptors and enhancement of local circulation.22  
Exercise-induced sensory stimulation may activate large-diameter afferent fibers, thereby modulating nociceptive transmission at the 
spinal level through neurophysiological pain inhibitory mechanisms.23  However, compared with the initial manuscript version, the 
present discussion intentionally focuses more on the clinical relevance of pain reduction rather than excessive molecular or 
neurophysiological explanation, in accordance with reviewer recommendations. 

Improvement in lower extremity range of motion (ROM), particularly hip flexion and knee flexion, also represented an 
important functional outcome in this patient. Reduced ROM in hospitalized DFU patients is commonly associated with pain, edema, 
prolonged bed rest, muscle guarding, and decreased movement tolerance.21 In the present case, active ROM exercise, stretching, 
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and ankle pump exercise were prescribed to maintain soft tissue extensibility and facilitate safe mobilization without excessive 
mechanical loading on the ulcerated area. Previous literature reported that therapeutic exercise may improve peripheral circulation, 
reduce joint stiffness, and preserve lower extremity mobility in patients with diabetes-related complications.24  Improved ROM in this 
patient contributed directly to better sitting tolerance and transfer preparation during hospitalization, indicating that even short-duration 
physiotherapy intervention may provide meaningful functional benefits. 

Although MMT scores remained stable at grade 4/5 throughout the intervention period, maintenance of muscle strength 
should still be interpreted as a positive clinical outcome considering the patient’s acute condition, immobilization period, and severe 
functional dependency. Patients with prolonged bed rest frequently experience rapid muscle deconditioning and functional decline, 
particularly among older adults with chronic metabolic disorders.25 Therefore, preservation of muscle performance during 
hospitalization may indicate that the intervention successfully minimized further physical deterioration. This interpretation is consistent 
with previous evidence suggesting that low-intensity isometric exercise may safely maintain lower extremity muscle activation in 
patients with active DFU while minimizing plantar mechanical stress and excessive tissue loading.11 

The patient’s sensory status remained hypoesthetic during the intervention period, reflecting the chronic nature of diabetic 
peripheral neuropathy. This finding was expected because peripheral nerve regeneration and sensory recovery generally require 
substantially longer intervention periods than the four treatment sessions performed in this case. Persistent hypoesthesia also 
indicates ongoing loss of protective sensation, which remains a major risk factor for recurrent trauma and delayed wound healing in 
DFU.26  Nevertheless, despite the absence of sensory improvement, careful monitoring throughout the intervention demonstrated 
that physiotherapy exercises did not aggravate tissue condition or provoke additional injury. This finding is clinically important because 
concerns regarding exercise safety in neuropathic patients often limit mobilization during acute DFU management.21 

Consequently, improvement in a single functional domain may not produce a substantial change in the total Barthel Index 
score because the overall score is derived from multiple activities of daily living. Nevertheless, the ability to sit independently without 
assistance may represent clinically meaningful functional progress, as supported sitting and progression toward independent sitting 
constitute important early stages of mobilization before transfer, standing, and walking.27 In rehabilitation settings, small functional 
changes during acute hospitalization may have considerable implications for discharge preparation and prevention of further 
disability.28  

Another important aspect highlighted in this case was the safety and feasibility of exercise-based physiotherapy intervention 
in a patient with active DFU. Historically, mobilization in patients with diabetic ulcers has often been restricted because of concerns 
regarding tissue damage, wound aggravation, or increased plantar pressure.12  However, recent evidence suggests that carefully 
monitored low-intensity exercise may provide circulatory and functional benefits without negatively affecting wound healing when 
appropriately prescribed.12,29  In this study, intervention intensity was adjusted according to pain response, wound condition, and 
patient tolerance, while continuous monitoring was performed throughout each session. No adverse events, worsening edema, 
bleeding, or additional tissue complications were identified, suggesting that individualized physiotherapy intervention may be safely 
implemented during acute DFU management. 

Compared with previous DFU case reports and rehabilitation studies, the present case specifically emphasizes short-term 
functional rehabilitation during acute hospitalization rather than focusing exclusively on wound closure outcomes. Most published 
DFU studies primarily evaluate wound-healing parameters, pressure redistribution, or surgical management, whereas functional 
mobility outcomes and physiotherapy safety during active ulcer conditions remain underreported.12  Therefore, this case contributes 
additional clinical insight regarding the role of early physiotherapy intervention in maintaining mobility and supporting functional 
recovery among hospitalized patients with DFU. 

Several limitations should be acknowledged in this report. First, this study involved only a single patient, thereby limiting 
generalizability of the findings. Second, the intervention duration was relatively short and insufficient to evaluate long-term wound 
healing, neuropathy recovery, or sustained functional outcomes. Third, objective wound-healing measurements such as wound area 
assessment, PUSH score, or Bates-Jensen Wound Assessment Tool were unavailable during hospitalization. Finally, concomitant 
medical interventions including debridement, wound dressing, glycemic management, and pharmacological treatment may have 
influenced the observed outcomes and could not be fully controlled. Future studies involving larger samples, objective wound-healing 
parameters, and longer follow-up periods are necessary to clarify the effectiveness and safety of physiotherapy interventions in 
patients with active DFU. 

Overall, this case highlights an important clinical lesson that exercise-based physiotherapy may support safe early 
mobilization and short-term functional improvement in patients with active DFU when delivered through individualized monitoring and 
multidisciplinary collaboration. Careful exercise prescription, continuous wound observation, and consideration of neuropathic safety 
remain essential components of physiotherapy management in this population. 
 
Conclusion 

Exercise-based physiotherapy intervention demonstrated positive short-term clinical outcomes in a hospitalized patient with 
Diabetic Foot Ulcer (DFU). After four physiotherapy sessions, the patient showed reduced pain intensity, improved lower extremity 
range of motion, preserved muscle strength, and better early functional mobility, particularly independent sitting ability, without 
adverse events during intervention. 

These findings suggest that individualized and carefully monitored physiotherapy may serve as a safe adjunctive approach 
to support early mobilization and functional recovery in patients with active DFU. However, the findings of this report are limited to a 
single case and cannot be generalized to broader patient populations. 
 
Clinical Implications 

This case highlights the potential role of exercise-based physiotherapy in supporting safe mobilization and preventing further 
functional decline during acute hospitalization in patients with active DFU. Careful exercise prescription, continuous monitoring of 
wound condition, and interdisciplinary collaboration are essential to ensure intervention safety in patients with diabetic neuropathy 
and mobility limitation. 
 
Study Limitations 

Several limitations should be considered in interpreting the findings of this report. First, the study involved only a single 
patient, thereby limiting generalizability of the outcomes. Second, the intervention duration was relatively short and did not allow 
evaluation of long-term functional recovery or wound healing progression. Third, objective wound-healing assessments such as 

https://ejournal2.unud.ac.id/index.php/mifi/index


Nasywa Amila Shabira et al. / Exercise-Based Physiotherapy in Diabetic Foot Ulcer: A Case Report 
 

Majalah Ilmiah Fisioterapi Indonesia (MIFI) – Indonesian Scientific Journal of Physiotherapy | https://ejournal2.unud.ac.id/index.php/mifi/index |708| 

wound area measurement, PUSH score, or Bates-Jensen Wound Assessment Tool were unavailable during hospitalization. Finally, 
concomitant medical management including debridement, wound dressing, and pharmacological therapy may have influenced the 
observed clinical outcomes. 
 
Recommendations for Future Studies 

Future studies involving larger sample sizes, objective wound-healing parameters, and longer follow-up durations are 
recommended to further evaluate the effectiveness and safety of physiotherapy interventions in patients with active DFU. Randomized 
controlled trials comparing different physiotherapy approaches may also provide stronger evidence regarding optimal rehabilitation 
strategies for this population. 
 
Informed Consent 

Written informed consent was obtained from the patient prior to participation and publication of clinical information. 
 
Conflict of Interest 

The authors declare no conflict of interest related to this study. 
 
Funding 

The authors received no specific funding for this study. 
 
Author Contributions 
Nasywa Amila Shabira: Conceptualization, Investigation, Data Curation, Formal Analysis, Writing – Original Draft, Writing – Review 
& Editing. 
Arin Supriyadi: Methodology, Supervision, Validation, Writing – Review & Editing. 
Galih Adhi Isak Setiawan: Clinical Supervision, Resources, Investigation, Writing – Review & Editing. 
 
Acknowledgments 

The authors would like to thank the patient and PKU Muhammadiyah Hospital Yogyakarta for supporting this case report 
study. 
 
Revised Methods Statement 

This study used a case report design following the CARE (CAse REport) guideline for clinical case reporting. The study was 
conducted at PKU Muhammadiyah Hospital, Yogyakarta, Indonesia, in September 2025. Written informed consent was obtained from 
the patient prior to participation and publication of clinical information. The patient agreed to undergo physiotherapy intervention and 
clinical evaluation throughout the treatment period. 
 
References 
1. Wong TY, Tan TE. The diabetic retinopathy "pandemic" and evolving global strategies: the 2023 Friedenwald Lecture. Invest 

Ophthalmol Vis Sci. 2023;64(15):47. 

2. ElSayed NA, Aleppo G, Bannuru RR, Bruemmer D, Collins BS, Ekhlaspour L, et al. 2. Diagnosis and classification of diabetes: 

Standards of Care in Diabetes-2024. Diabetes Care. 2024;47(1 Suppl):S20-S42. 

3. ElSayed NA, McCoy RG, Aleppo G, Balapattabi K, Beverly EA, Briggs Early K, et al. 10. Cardiovascular disease and risk 

management: Standards of Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl):S207-S238. 

4. Mohsin F, Javaid S, Tariq M, Mustafa M. Molecular immunological mechanisms of impaired wound healing in diabetic foot 

ulcers (DFU), current therapeutic strategies and future directions. Int Immunopharmacol. 2024;139:112713. 

5. Sidhu AS, Harbuzova V. Emerging technologies for the management of diabetic foot ulceration: a review. Front Clin Diabetes 

Healthc. 2024;5:1440209. 

6. Dawi J, Tumanyan K, Tomas K, Misakyan Y, Gargaloyan A, Gonzalez E, et al. Diabetic foot ulcers: pathophysiology, immune 

dysregulation, and emerging therapeutic strategies. Biomedicines. 2025;13(5):1076. 

7. McDermott K, Fang M, Boulton AJM, Selvin E, Hicks CW. Etiology, epidemiology, and disparities in the burden of diabetic foot 

ulcers. Diabetes Care. 2023;46(1):209-221. 

8. Suriadi, Larasati DR, Dewi ER. Prevalence of diabetic foot ulcers among diabetes patients in Indonesia: a systematic review. 

Contemp Res Anal J. 2026;3(1):44-46. 

9. Alfarhan G, Yan T, MacGilchrist C, Kirwan E, McIntosh C, McIlwaine A. Diabetic foot ulcer-related pain and its impact on 

health-related quality of life. J Tissue Viability. 2025;34(2):100856. 

10. Bus SA, Armstrong DG, Crews RT, Gooday C, Jarl G, Kirketerp-Moller K, et al. Guidelines on offloading foot ulcers in persons 

with diabetes (IWGDF 2023 update). Diabetes Metab Res Rev. 2024;40(3):e3647. 

11. Wendland DM, Altenburger EA, Swen SB, Haan JD. Diabetic foot ulcer beyond wound closure: clinical practice guideline. 

Phys Ther. 2025;105(1):pzae171. 

12. Baker CJ, Chuter V, Brousseau-Foley M, Min D, Searle A, Twigg SM, et al. Exercise training for people with diabetes-related 

foot ulcers: a systematic review of glycemia, fitness, and wound-healing outcomes. Can J Diabetes. 2025;49(3):164-173.e1. 

13. Parveen K, Hussain MA, Anwar S, Elagib HM, Kausar MA. Comprehensive review on diabetic foot ulcers and neuropathy: 

treatment, prevention and management. World J Diabetes. 2025;16(3):100329. 

14. Pollatos D, Chandolias K, Giordamni MA, Chalkia A, Trevlaki E. Review of new data in physiotherapeutic approach to 

patellofemoral pain syndrome (PFPS). J Biosci Med (Irvine). 2021;9(2):103-125. 

15. Schaper NC, van Netten JJ, Apelqvist J, Bus SA, Fitridge R, Game F, et al. Practical guidelines on the prevention and 

management of diabetes-related foot disease (IWGDF 2023 update). Diabetes Metab Res Rev. 2024;40(3):e3657. 

16. Shabhay A, Horumpende P, Shabhay Z, Mganga A, Van Baal J, Msuya D, et al. Clinical profiles of diabetic foot ulcer patients 

undergoing major limb amputation at a tertiary care center in North-eastern Tanzania. BMC Surg. 2021;21(1):34. 

https://ejournal2.unud.ac.id/index.php/mifi/index


Nasywa Amila Shabira et al. / Exercise-Based Physiotherapy in Diabetic Foot Ulcer: A Case Report 
 

Majalah Ilmiah Fisioterapi Indonesia (MIFI) – Indonesian Scientific Journal of Physiotherapy | https://ejournal2.unud.ac.id/index.php/mifi/index |709| 

17. Gupta S, Srivastava A, Malhotra R, Chadha M, Aggarwal AN. Wound assessment using Bates-Jensen Wound Assessment 

Tool in acute musculoskeletal injury following low-cost wall-mounted negative-pressure wound therapy application. Indian J 

Orthop. 2023;57(6):948-956. 

18. Imaoka S, Minata S, Teroh T, Matsuki K, Hiramatsu R. Physiotherapy intervention for diabetic foot ulcers: a scoping review. 

Diseases. 2026;14(5):158. 

19. Wang X, Tang R, Zhang H, Li F, Wang J, Li B. What frequency of ankle pump exercise is optimal to improve lower limb 

hemodynamics? A systematic review and network meta-analysis. Asian Nurs Res (Korean Soc Nurs Sci). 2023;17(2):53-60. 

20. Rezaei M, Salari N, Aznab M, Jasmi SV, Abdi A, Shohaimi S. Effect of deep diaphragmatic breathing on pain in patients with 

metastatic gastrointestinal cancers. Heliyon. 2024;10(22):e40283. 

21. Aitken E, Hiew J, Hamilton EJ, Manning L, Ritter JC, Raby E, et al. Exercise in adults admitted to hospital with diabetes-

related foot ulcers: a pilot study of feasibility and safety. J Foot Ankle Res. 2023;16(1):18. 

22. Holden MA, Hattle M, Runhaar J, Riley RD, Healey EL, Quicke J, et al. Moderators of the effect of therapeutic exercise for 

knee and hip osteoarthritis: a systematic review and individual participant data meta-analysis. Lancet Rheumatol. 

2023;5(7):e386-e400. 

23. Kuithan P, Rushton A, Heneghan NR. Schmerzmodellierung durch Bewegung. Schmerz. 2022;36(4):237-241. 

24. Lepesis V, Marsden J, Rickard A, Latour JM, Paton J. Systematic review and meta-analysis of the effects of foot and ankle 

physical therapy, including mobilisations and exercises, in people with diabetic peripheral neuropathy on range of motion, 

peak plantar pressures and balance. Diabetes Metab Res Rev. 2023;39(8):e3692. 

25. Marusic U, Narici M, Simunic B, Pisot R, Ritzmann R. Nonuniform loss of muscle strength and atrophy during bed rest: a 

systematic review. J Appl Physiol (1985). 2021;131(1):194-206. 

26. Callaghan BC, Cheng HT, Stables CL, Smith AL, Feldman EL. Diabetic neuropathy: clinical manifestations and current 

treatments. Lancet Neurol. 2012;11(6):521-534. 

27. Caronni A, Scarano S. Generalisability of the Barthel Index and the Functional Independence Measure: robustness of disability 

measures to differential item functioning. Disabil Rehabil. 2025;47(8):2134-2145. 

28. Giacomino K, Hilfiker R, Beckwée D, Taeymans J, Sattelmayer KM. Assessment tools and incidence of hospital-associated 

disability in older adults: a rapid systematic review. PeerJ. 2023;11:e16036. 

29. Ahmad AM, Mohammed AA, Khalifa WA, Ali HM, Abdel-Aziz A. Effect of Buerger-Allen exercise on wound healing in patients 

with diabetic foot ulcers: a randomised controlled trial. J Wound Care. 2024;33(Sup4a):xci-xcviii. 

 

https://ejournal2.unud.ac.id/index.php/mifi/index

