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Therapeutic laser and neural mobilization in diabetic peripheral neuropathy: a case report
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ABSTRACT

Diabetic peripheral neuropathy (DPN), a common complication of diabetes, leads to neuropathic pain,
reduced nerve conduction, impaired balance, and abnormal plantar pressure, increasing the risk of falls
and ulceration. Conventional therapies often provide limited relief, leaving persistent pain and dysfunction.
Class IV laser therapy offers potent photobiomodulation to enhance nerve regeneration and conduction,
while neural mobilization restores nerve dynamics. This case report highlights the therapeutic potential of
class IV laser therapy as a key intervention for neurorchabilitation in DPN, used in conjunction with neural
mobilization to enhance outcomes. The laser intervention resulted in marked alleviation of neuropathic
pain and significant improvement in nerve conduction, balance, and proprioceptive control. Plantar pressure
analysis demonstrated a more balanced load distribution, indicating optimized foot biomechanics and re-
duced ulceration risk. Overall, the findings underscore class IV laser therapy, particularly when integrated
with neural mobilization, as a powerful, non-invasive physiotherapeutic approach capable of accelerating
neural recovery and enhancing functional restoration in patients with DPN.
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Introduction

Diabetic peripheral neuropathy (DPN) is one of the most
prevalent microvascular complications of diabetes, affect-
ing approximately 70% of individuals with chronic dia-
betes. It is distinguished by sensory and motor
impairments in a glove-and-stocking pattern caused by
metabolic and vascular damage to peripheral nerves. These
neuropathic changes cause pain, decreased nerve conduc-
tion velocity (NCV), proprioceptive loss, altered plantar
pressure, and balance impairments, all of which increase
the risk of falls and foot ulcers while reducing functional
mobility and quality of life."* Neural mobilization and
laser therapy have recently drawn attention for enhancing
nerve function and sensorimotor execution in DPN.
Neural mobilization restores neural tissue dynamics by
improving intraneural blood flow and axoplasmic trans-
port, enhancing conduction and reducing mechanical
sensitivity.>4 Doshi et al., and Sharma et al., found that
mobilizing the tibial and common peroneal nerves sig-
nificantly enhanced NCV, balance, and gait in DPN pa-
tients.>® Conversely, class IV laser therapy, a
high-intensity photobiomodulation, facilitates nerve re-
generation and pain reduction through mitochondrial
activation, adenosine triphosphate (ATP) synthesis, and
enhanced microcirculation.>® Chatterjee et 4., demon-
strated reduced neuropathic pain and increased quality
of life with deep tissue laser therapy, while Kumar ez a/.,
Bashiri, and Yamany ez 4/, found that low-level laser
therapy enhanced sensorimotor outcomes.>’~?

Despite these promising results, literature on class-IV laser
therapy in DPN remains limited, with no studies com-
paring or integrating it with neural mobilization. Most re-
search has addressed pain or conduction improvements
without examining functional parameters such as balance,
proprioception, or plantar pressure distribution, key indi-
cators of sensorimotor recovery and fall risk. Therefore,
this case report provides novel evidence of improvements
in neuropathic pain, NCV, balance, proprioception, and
plantar pressure, underscoring the combined potential of
these physiotherapeutic interventions in restoring periph-
eral nerve and functional integrity in DPN.

Case Report

A 45-year-old female presented to the physiotherapy
outpatient department with persistent complaints of

burning sensations and pain in both lower extremities.
The patient also reported a progressive loss of sensation
in both lower limbs over the past nine months, along
with restricted ankle mobility and worsening balance, re-
sulting in increasing difficulty with ambulation over the
past year. Her glycemic status showed an HbAlc level of
7.8%, indicating sub-optimal glycemic control. The pa-
tient has been on a stable anti-diabetic regimen since dia-
gnosis, which includes metformin (500 mg twice daily
after meals) and glimepiride (I mg once daily post-
breakfast). There was no family history of diabetes, sug-
gesting a sporadic onset. Overall, the clinical
presentation was consistent with DPN involving both
motor and sensory components, which further exacer-
bated her functional limitations and increased her risk

of falls.
Clinical findings

Upon a comprehensive clinical assessment, the patient
displayed typical DPN symptoms. These included per-
sistent neuropathic pain with burning and tingling sen-
sations, as well as significant abnormalities in balance
and proprioception, indicating compromised sensory
feedback pathways. Furthermore, an evident shift in
plantar pressure distribution was observed, indicating
asymmetrical foot loading. Neurophysiological studies
confirmed these findings, exhibiting lower NCV in both
the tibial and common peroneal nerves, indicating pe-
ripheral nerve dysfunction. Collectively, these findings
highlight the intricate interplay between sensory and
motor impairments in DPN, which contributes to re-
duced functional mobility and reduced overall quality of
life. Table 1 illustrates the study timeline.

Diagnostic assessment

The patient was assessed using a comprehensive set of
outcome measures to evaluate the neuropathic pain, bal-
ance, proprioception, plantar pressure distribution, and
peripheral nerve function.

Neuropathic pain was assessed using the Self-Leeds As-
sessment of Neuropathic Symptoms and Signs (S-
LANSS), where a score =12 indicates neuropathic
symptoms.'? Peripheral nerve function was evaluated
using NCV testing of the tibial and common peroneal
nerves. Measurements were performed with the Neuro-
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pack S3 MEB-9600 V02-03 (C) 2018 system (Nihon
Kohden Co., Japan). Motor conduction velocities <50
m/s were indicative of diminished nerve conduction,
confirming peripheral neuropathy.? Balance and pro-
prioception were assessed using the Pedalo®-Sensamove
Balance Test Pro with Miniboard. Static balance was
measured in five positions, and proprioception in four
directions. Lower scores (in degrees) indicated better di-
rectional awareness and proprioceptive control.>!! Plan-
tar pressure mapping was performed using a Harris mat
placed mid-walkway (5 m). As the patient walked, foot
imprints were left on the mat and analyzed viz Podia
Scan software (N/cm?). Lower scores reflected more op-
timal and evenly distributed plantar pressure. Altered
plantar pressure, a known risk factor for foot ulcers in
DPN, was evident in this case.!*!?

Interventions

After obtaining informed consent, the patient under-
went a structured physiotherapy intervention. Interven-
tion 1 consisted of neural mobilization of the tibial and
common peroneal nerves, performed in 3 sets of 30 repe-
titions (15 sliders and 15 tensioners) over 2 minutes, fol-
lowed by a 1-minute rest interval, administered 4 times
per week for 3 weeks (Figures 1 and 2). A one-week
washout period was incorporated between the two inter-
vention phases to minimize potential carry-over effects.
Intervention 2 included class-IV laser therapy. Nerve ir-
radiation was administered bilaterally over the popliteal
fossa, around the fibular neck, 5 cm above the medial
malleolus, and on the plantar surface of the foot, for a
total duration of 12 minutes per session, 4 times per
week for 3 weeks (Figure 3).1>12

Table 1. Timeline of the study.

Neural mobilization techniques

Tibial nerve

i) Remote sliders: the physiotherapist initially posi-
tioned the ankle in dorsiflexion and eversion, fol-
lowed by passive hip flexion while carefully
monitoring for any onset of pain or symptoms. The
hip was then lowered to a pain-free range. Sub-
sequently, the therapist alternated between flexing
the knee (to unload the tibial nerve) while main-
taining ankle dorsiflexion and eversion, and ex-
tending the knee (to load the tibial nerve) while
allowing the ankle to move into plantarflexion (un-
loading the tibial nerve).

ii) Local sliders: the physiotherapist began by posi-
tioning the ankle in dorsiflexion and eversion, fol-
lowed by passive hip flexion while maintaining
knee extension, carefully observing for the appear-
ance of any pain or symptoms. The hip and knee
were then lowered to a point just before the onset
of any symptoms. After that, the physiotherapist
performed alternated movements, flexing the hip
(to unload the tibial nerve) while dorsiflexing and
everting the ankle (to load the tibial nerve), and
then extending the hip (to load the tibial nerve)
while moving the ankle into plantarflexion (to un-
load the tibial nerve) (Figure 1).

iii) Tensioners: the physiotherapist elevated the pa-
tient’s leg from the table with the knee extended
and the hip flexed. The ankle was then moved into
dorsiflexion and eversion to load the tibial nerve,
followed by returning it to plantarflexion to unload
the nerve (Figure 2).!

Event Timeline

Pre-assessment

Conducted on the first day of the patient’s presentation
y p p

Physiotherapy treatment
Intervention 1: neural mobilization

Neural mobilization was administered involving both sliders and tensioners of tibial
and common peroneal nerve; 4 times/week for 3 weeks

Post-intervention assessment

Conducted at the end of the 3" week from the start of treatment

Washout period of 1 week
Schedule at the 4™ week from the start of treatment

Pre-assessment

Conducted on the first day of 5% week from the start of the treatment

Physiotherapy treatment
Intervention 2: laser therapy

Laser therapy was administered at 5 cm above the medial malleolus, over the popliteal
fossa and neck of the fibula, and plantar surface of the feet; 4 times/week for 3 weeks

Post-intervention assessment

Conducted at the end of the 7® week from the start of treatment

Laser Therapy



pISSN 0898-5901 | eISSN 1884-7269
Indexed in Scopus

Volume 33 - N. 1

Figure 1. Sliders of the tibial nerve (a-d) and common peroneal nerve (e-h).

(e} (®

Common pf}’Oﬂf&l/ nerve

i)

ii)

Remote slider: The physiotherapist began by position-
ing the ankle in plantarflexion and inversion, followed
by passive hip flexion while carefully monitoring for
the appearance of any pain or symptoms. The hip was
then adjusted to a position within the pain-free range.
Afterward, the therapist alternated between flexing the
knee (to unload the peroneal nerve) while maintaining
ankle plantarflexion and inversion (to load the pero-
neal nerve), and extending the knee (to load the nerve)
while moving the ankle into dorsiflexion (to unload
it) (Figure 1).

Local slider: The physiotherapist initiated the move-
ment by keeping the ankle in plantarflexion (PF) and
inversion, then passively flexed the hip while keeping
the knee extended, observing for any signs of pain or
discomfort. The hip and knee were positioned in a
range that remained symptom-free. The therapist
then flexed the hip (unloading) while maintaining
the ankle in plantarflexion and inversion (loading),

® (h)

followed by extending the hip (loading) with the
ankle dorsiflexed (unloading) (Figure 1).

iii) Tensioners: With the hip flexed and knee extended,
the physiotherapist elevated the patient’s leg off the
table and performed ankle plantarflexion (PF) and in-
version to load the peroneal nerve, then returned the
ankle to dorsiflexion to unload it (Figure 2).!

(a) (b)

Figure 2. Tensioners of the tibial nerve (a) and the common peroneal
nerve (b).

Laser Therapy



pISSN 0898-5901 | eISSN 1884-7269
Indexed in Scopus

Volume 33 - N. 1

Class-1V laser therapy

Class-1V laser therapy was administered bilaterally over
the popliteal fossa, neck of fibula, medial malleolus,
and plantar surface of the foot using a grid-based tech-
nique to ensure uniform energy distribution. The treat-
ment was delivered in a non-contact mode with
continuous (non-pulsed) beam emission using a Lite-
Cure Gallium-Aluminum-Arsenide (GaAlAs) near-in-
frared laser device (Lite Cure, LCT-1000C Therapy
Laser, Model number LCT-1000C). The dosage pa-
rameters included a wavelength of 980 nm, power 8 W,
and an energy density ranging from 10-20 J/cm?, ad-
ministered at a constant speed of 1 cm/s for a total du-
ration of 12 minutes (6 minutes to each side).

For each popliteal fossa, covering an area of approx-
imately 20 cm?, nerve irradiation was performed using
a 980 nm wavelength laser with a power output of 8
W and an irradiance of 0.4 W/cm?. The treatment was
applied for 45 seconds, delivering a total energy of 360
J, corresponding to a fluence of 18 J/cm?.

For the neck of the fibula, the nerve was irradiated over
a 9 cm? area with the same wavelength, power, and
technique used for the popliteal fossa. The irradiance
was 0.8 W/cm?, and the treatment was delivered for
15 seconds per session, resulting in a dose of 126 ] cor-
responding to 14 J/cm?.

Nerve irradiation around the medial malleolus covered
an area of about 15 ¢cm? using the same wavelength,
power, and method as for the popliteal fossa treatment.
The irradiance was 0.5 W/cm?, and the treatment
lasted for 30 seconds, delivering a dose of 240 J at 16
J/em? per session.

Each plantar surface, which covered an area of 126
cm?, was treated using the same wavelength, power,
and method as for the popliteal fossa treatment, with
an irradiance of 0.07 W/cm?. The treatment was given
for 4.5 minutes, delivering the dose of 2142 J/cm? at
17 J/em? to each plantar surface (Figure 3).>'3

Follow-up and outcomes

In this case, various outcome measures were employed
to evaluate the effectiveness of interventions before and
after completion of each intervention (baseline, 3%, 5%,
and 7™ week). The pre- and post-intervention scores,
detailed in Supplementary Figures 1-5, clearly reflect the
participant’s progressive improvements. Noteworthy
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gains were observed in neuropathic pain reduction, en-
hanced nerve conduction velocity, improved static bal-
ance and proprioception, as well as more optimal
plantar pressure distribution. These findings highlight
the positive and cumulative impact of the therapeutic
interventions over time.

Discussion

This case report presents evidence that integrating neu-
ral mobilization and class-IV laser therapy for address-
ing multiple impairments in DPN, including
neuropathic pain, reduced NCV, altered propriocep-
tion, balance dysfunction, and uneven plantar pressure.
The observed improvements highlight the contribution

Figure 3. Nerve irradiation at 5 cm above the medial malleolus (a), pop-
liteal fossa (b), neck of fibula (c), and plantar surface of the foot (d).
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of these interventions in enhancing neuronal integrity
and sensorimotor function.

Notable improvements in NCV and pain reduction
were observed following tibial and common peroneal
nerve mobilization, consistent with the findings of
Doshi et al. and Sharma et al., who reported that pe-
ripheral nerve mobilization enhances intraneural cir-
culation and axoplasmic transport while reducing
neural stress.*?

Subsequent class-IV laser therapy further enhanced
outcomes through deep tissue photobiomodulation
and produced photobiomodulatory effects, stimulating
mitochondrial energy production, improving local cir-
culation, and promoting neural tissue regeneration.
These results are consistent with the findings of Chat-
terjee et al., who demonstrated that deep tissue laser
can effectively alleviate neuropathic pain and improve
quality of life.

Improvements in balance and proprioception measured
via Pedalo®-Sensamove Balance Test reflect restored
afferent feedback and postural control through en-
hanced nerve conduction and sensory integration. Al-
though limited studies have assessed these parameters
in DPN, Ahmad ez 4/ confirmed the test’s reliability
for detecting proprioceptive deficits, supporting the
present findings.>!' These results provide novel ev-
idence that physiotherapeutic interventions can effec-
tively enhance functional stability in diabetic
neuropathy. Enhanced plantar pressure distribution fol-
lowing treatment indicates improved foot biome-
chanics and load symmetry, which are clinically
relevant for reducing the risk of ulceration and falls.
Similar conclusions have been reported by Goyat ez 4.
and Welton, emphasizing the importance of balanced
plantar loading in preventing diabetic foot complica-
tions.>!?

The sequential application of neural mobilization fol-
lowed by laser therapy may have exerted a synergistic
effect, wherein mobilization optimized neural mechan-
ics and perfusion, thereby improving tissue responsive-
ness to photobiomodulation. This integrative approach
likely contributed to the cumulative improvements ob-
served across all parameters. Although based on a single
case, these findings highlight the potential of combin-
ing mechanical and photobiological interventions for
comprehensive DPN rehabilitation. Larger randomized
controlled trials are needed to validate these results and
standardize treatment protocols.

Conclusions

Neural mobilization and class-IV laser therapy demon-
strated distinct benefits, and when applied sequentially,
produced synergistic effects that enhanced neural re-
covery and functional outcomes in DPN. This case em-
phasizes the potential of combining mechanical and
photobiomodulation strategies in neurorchabilitation
and underscores the need for further validation through
larger clinical studies.
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