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ABSTRACT

Diabetic peripheral neuropathy (DPN) is a major determinant of diabetic foot disease and lower-limb amputation, affecting not
only pain but also foot function, gait, balance, and ulcer risk. While non-pharmacological and complementary interventions are
increasingly used as adjuncts to pharmacotherapy in both painful and non-painful DPN, the extent to which these approaches
influence foot-related outcomes remains unclear. This review synthesises current evidence on the effects of non-
pharmacological (e.g. foot-ankle exercise, physical therapy, insoles and orthoses, educational and web-based programmes) and
complementary interventions (e.g. reflexology, acupuncture, Reiki, foot massage) on foot function in individuals with DPN.
Across randomized and controlled trials, foot-ankle—focused exercise programmes consistently improved intrinsic foot muscle
strength, plantar pressure distribution, ankle—foot kinematics, balance, and gait performance, and reduced mechanical risk
factors associated with ulceration. Insoles and orthoses with various materials and designs were shown to lower peak plantar
pressures and pressure—time integrals and redistribute load away from high-risk metatarsal head regions, supporting their role
as effective off-loading strategies. Complementary therapies demonstrated beneficial effects on neuropathic pain and overall
quality of life; however, foot function-specific outcomes (e.g. plantar pressure, deformity progression, ulcer incidence, foot-
related quality of life) were rarely assessed and were typically reported only as secondary, limited endpoints. Overall, the
evidence supports integrating structured exercise and podiatric off-loading strategies into DPN management, while highlighting
the need for methodologically robust trials that systematically evaluate foot-centred outcomes to clarify the true podiatric
impact of complementary interventions.

Keyswords: Diabetic Peripheral Neuropathy, Diabetic Foot, Foot Function, Non-Pharmacological Interventions,
Complementary Therapies.

INTRODUCTION

Diabetic peripheral neuropathy (DPN) is one of the most common chronic microvascular and
neurodegenerative complications in individuals with diabetes, and is characterized by progressive
damage to peripheral sensory, motor, and autonomic nerve fibers, predominantly involving thinly
myelinated and unmyelinated sensory fibers (1,2). Recent epidemiological studies indicate that the
prevalence of DPN in the adult diabetic population ranges between approximately 25% and 50%,
depending on the diagnostic criteria used and the characteristics of the study sample, and that, on
average, one in three individuals with diabetes has neuropathy (3,4). Furthermore, the high frequency
of mild and subclinical cases, the insufficiency of screening programs, and the non-specific nature of
symptoms result in a substantial proportion of patients with DPN remaining undiagnosed for prolonged
periods, thereby increasing the risk of developing severe complications such as diabetic foot ulcers and
lower extremity amputations (3,5,6).

From a clinical perspective, DPN can be broadly classified into two main forms: painful and non-painful.
Patients with painful DPN typically present with neuropathic pain described as burning, stabbing, or
electric-shock-like sensations, along with paresthesia and allodynia, whereas in non-painful DPN,
protective sensory loss—particularly on the plantar surface of the feet—predominates in the absence of
prominent subjective complaints (1,3). In cases of non-painful DPN with loss of protective sensation,
the patient’s lack of “pain perception” leads to unrecognized and repetitive minor trauma, excessive
mechanical loading, and unperceived thermal or mechanical injuries. Consequently, increased plantar
pressure in specific regions, disruption of skin integrity, callus formation, and ultimately the
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development of diabetic foot ulcers may occur (7,8). Therefore, the early detection of asymptomatic
sensory loss is as critical as the recognition of painful symptoms for the prevention of diabetic foot
complications (1,8).

The presence of DPN is regarded as a major determinant and key risk factor for diabetes-related foot
disease and the development of diabetic foot ulcers (DFU) (9). Large cohort studies and consensus
reports have demonstrated that DPN, in conjunction with sensory loss, foot deformities, and elevated
plantar pressure, plays a central role in the pathogenesis of diabetic foot ulcers, whereas the risk of
ulceration is significantly lower among individuals with diabetes who do not have neuropathy (3,7,9).
The lifetime risk of developing a DFU in individuals with diabetes has been reported to be approximately
19-34%, and most of these ulcers precede both major and minor lower extremity amputations
attributable to diabetes (7,8). Accordingly, the early diagnosis and effective management of DPN are
considered fundamental targets in the prevention of diabetic foot ulcers and the associated amputations
(7,9).

In recent years, large multicenter observational studies have shown that the prevalence of active diabetic
foot ulcers among patients with diabetes presenting to hospital ranges from approximately 15% to 25%,
and that in the majority of cases ulceration coexists with peripheral neuropathy and peripheral arterial
disease at the time of presentation (10,11). These findings support the central pathophysiological role of
the synergistic interaction between sensory loss—related repetitive trauma and ischemia in the
development of diabetic foot ulcers (10). In its guidelines on the prevention and management of
diabetes-related foot disease, the International Working Group on the Diabetic Foot (IWGDF)
recommends regular neuropathy screening, systematic assessment of increased plantar pressure and foot
deformities, and the use of appropriate footwear and effective off-loading strategies (such as therapeutic
footwear, custom insoles, total contact casts, and similar methods) in at-risk individuals as core
components of care (7,12). These recommendations emphasize that early detection of DPN and
reduction of mechanical loading constitute a central strategy for preventing diabetic foot ulcers and
amputations (7,12). In this context, DPN represents a critical clinical problem not only in terms of pain,
but also with respect to foot function, gait, balance, and ulcer risk.

The large- and small-fiber sensory damage that develops in DPN, together with concomitant motor and
proprioceptive impairments, affects lower extremity biomechanics in a multidimensional manner.
Sensory loss and muscle weakness, particularly involving the intrinsic muscles of the foot, lead to
atrophy and the emergence of structural deformities such as claw toes, pes cavus, and hallux valgus,
while simultaneously causing a reduction in the range of motion at the ankle and metatarsophalangeal
joints (13-15). As a result of these structural and functional alterations, plantar load distribution becomes
abnormal, and repetitive high peak pressure areas develop especially under the forefoot and metatarsal
heads. This, in turn, promotes callus formation, disruption of skin integrity, and the creation of a
mechanical risk substrate for diabetic foot ulceration (16—18). Thus, in the management of DPN, the
therapeutic focus should extend beyond the relief of neuropathic pain to include the preservation and
restoration of foot function.

In the first-line pharmacological treatment of painful DPN, gabapentinoids, tricyclic antidepressants,
serotonin—noradrenaline reuptake inhibitors, topical capsaicin preparations, and agents such as alpha-
lipoic acid are commonly recommended (3,19,20). However, randomized controlled trials and clinical
guidelines indicate that the analgesic efficacy of these drugs in neuropathic pain is often only moderate,
that clinically meaningful pain relief is achieved in only a subset of patients, and that treatment is
frequently discontinued or dose escalation is limited due to adverse effects such as sedation, dizziness,
weight gain, orthostatic hypotension, and gastrointestinal symptoms (20—22). This adverse-effect profile
and the limited analgesic response highlight that pharmacological therapy alone is insufficient in the
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management of painful DPN, and underscore the need to integrate non-pharmacological and
complementary approaches into the treatment plan (20,22).

These limitations have markedly increased interest in, and utilization of, non-pharmacological (e.g.,
exercise, physical therapy and rehabilitation approaches, transcutaneous electrical nerve stimulation,
insoles and orthoses, educational programs) and complementary interventions (such as reflexology,
acupuncture, Reiki, and massage) as adjuncts to pharmacological treatment in both painful and non-
painful DPN (20,24). Systematic reviews and meta-analyses published in recent years have reported that
complementary and alternative medicine interventions can reduce neuropathic pain intensity and
improve overall quality of life in diabetic neuropathy; moreover, modalities such as acupuncture,
reflexology, and foot massage may provide superior pain control compared with placebo or
pharmacological treatment alone when added to standard care (23,24). Nonetheless, in the majority of
existing clinical studies and systematic reviews, the primary outcome has been pain, whereas foot
function—related specific outcomes—such as plantar pressure and loading parameters, ankle—foot
kinematics, muscle strength, balance, gait performance, ulcer occurrence and ulcer risk factors, and foot-
related quality of life—have either not been assessed or have only been reported as secondary and
limited outcomes. This situation leaves an important gap in understanding the true podiatric contribution
of non-pharmacological and complementary interventions in DPN (20-24).

Conversely, there has been a notable increase in the number of randomized controlled trials
demonstrating the beneficial effects of foot—ankle—focused exercise programs on foot function in
individuals with DPN. Home-based or center-based foot-ankle exercise protocols of approximately 8—
12 weeks’ duration have been reported to increase intrinsic foot muscle strength, improve functional
balance and gait speed, and, additionally, promote a more homogeneous plantar pressure distribution by
reducing peak pressures particularly in the forefoot region, while also yielding significant improvements
in ankle—foot kinematics and gait kinetics (25-28). These studies further suggest that such exercise
programs may be associated with improvements in DPN severity and sensory test results (e.g.,
monofilament testing and vibration perception) and that web-based interventions targeting plantar
pressure parameters, which are among the key ulcer risk factors, may constitute clinically feasible and
cost-effective options (29,30). Similarly, randomized or controlled trials employing insoles and orthoses
with different materials and design characteristics have shown that these devices can significantly reduce
mechanical loading indices such as peak plantar pressure and pressure—time integrals in individuals with
DPN, redistributing load away from high-risk metatarsal head regions toward a broader plantar surface
and thereby providing an important off-loading strategy for the prevention of diabetic foot ulcers (30—
32).

In the context of complementary interventions, randomized controlled trials focusing particularly on
foot reflexology have demonstrated reductions in neuropathic pain symptoms in individuals with DPN,
and some studies have also reported improvements in ankle—brachial index (ABI) values, reflecting
peripheral circulation, as well as favorable changes in peripheral hemodynamic parameters (25,33).
Furthermore, randomized or quasi-experimental studies have shown that acupuncture, Reiki, foot
massage, and similar complementary modalities can provide beneficial effects on pain intensity and
overall quality of life in patients with diabetic neuropathy (34-37). However, most of these studies have
primarily focused on pain and general quality of life as their main outcomes, and have not systematically
evaluated podiatric outcomes such as foot function, plantar pressure and loading patterns, deformity
progression, ulcer incidence, or foot-specific quality of life, or have reported them only in a limited and
secondary manner (25,35,37). This highlights a substantial knowledge gap regarding the true impact of
complementary interventions on foot health and podiatric risk in DPN.

Overall, while the existing literature includes numerous clinical studies and reviews focusing on the
effects of non-pharmacological and complementary interventions on pain in DPN, there appears to be a
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lack of studies that comprehensively and systematically evaluate foot function—centered outcomes—
such as plantar pressure and loading parameters, ankle—foot kinematics, muscle strength, balance and
gait performance, ulcer occurrence and ulcer risk factors, and foot-related quality of life—in both painful
and non-painful DPN. This gap hampers a holistic understanding, by clinicians and researchers, of non-
pharmacological and complementary strategies aimed at preserving foot health and mitigating podiatric
complications in DPN.

CONCLUSION

Diabetic peripheral neuropathy is a key determinant of diabetic foot disease and lower extremity
amputation, exerting substantial effects not only on pain but also on foot function, gait, balance, and
ulcer risk. In this review, the effects of non-pharmacological and complementary interventions on foot
function in individuals with painful and non-painful DPN were examined from a podiatric perspective.

The available evidence indicates that foot-ankle—focused exercise programs and insole/orthotic-based
interventions can improve plantar pressure distribution, ankle—foot kinematics, muscle strength,
balance, and gait performance, and can attenuate mechanical risk factors for ulceration. Complementary
approaches such as reflexology, acupuncture, Reiki, and foot massage appear to reduce pain and enhance
overall quality of life; however, the number of studies that adequately and systematically report foot
function—specific outcomes remains limited.

Therefore, in clinical practice, management strategies for DPN should not rely solely on
pharmacological pain control, but should also incorporate structured exercise programs and off-loading
podiatric strategies as integral components of care. Future research should focus on high-quality
randomized controlled trials that:

. differentiate between painful and non-painful DPN subgroups,

. employ standardized, foot function—specific outcome measures (e.g., plantar pressure indices,
kinematic analysis, muscle strength, and foot-related quality of life), and

. are methodologically robust with sufficient sample sizes and follow-up durations.

Such studies are essential to define the true role of non-pharmacological and complementary
interventions in preserving foot health, reducing podiatric risk, and informing evidence-based,
multidisciplinary care models for individuals living with DPN.
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