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ABSTRACT

Introduction: Neuropathic pain and sensory disturbances frequently follow surgical fixation of distal fibular frac-
tures, largely due to the proximity of the superficial peroneal nerve (SPN) and common peroneal nerve (CPN).
Ultrasound-guided percutaneous neuromodulation (US-guided PNM) is a minimally invasive approach aiming to
modulate peripheral nerve excitability and facilitate sensorimotor recovery. This case report describes the clinical
effects of US-guided PNM applied to the SPN and CPN in a patient with chronic cutaneous hyperalgesia and hy-
poesthesia years after surgery.

Case Presentation: A 44-year-old woman presented with chronic postoperative burning pain, paresthesia, cuta-
neous hypoesthesia, and reduced limb control several years after open reduction and internal fixation, followed
by hardware removal. At baseline, pain intensity (numerical rating scale, NRS) was 6/10; Douleur Neuropathique 4
(DN4) score was 5/10; sensory testing revealed hypoesthesia and mechanical hyperalgesia in the SPN dermatome;
tibialis anterior and fibular muscle strength ranged 3-4/5 on the Medical Research Council (MRC) scale; ankle dor-
siflexion was 15°, eversion 10°, knee-to-wall distance 5 ¢cm, and single-leg stance 32 seconds.

Intervention: Two US-guided PNM sessions were performed: first targeting the SPN for sensory modulation (2-
100 Hz, 400 ps, 30 min) and subsequently the CPN for sensorimotor facilitation (2 Hz, 240 us, 30 min).

Results: Two US-guided PNM sessions were delivered within one week. After intervention, pain decreased to 2/10;
DN4 score normalized to 0/10; sensory thresholds returned to normal; ankle dorsiflexion increased to 20°; eversion
to 16°; knee-to-wall to 9 cm; single-leg stance to 43 seconds; tibialis anterior and fibular muscles improved to 5/5.

Conclusions: US-guided PNM may be a promising therapeutic option for chronic postoperative neuropathic
symptoms involving the peroneal nerves. Controlled studies are warranted.

Keywords: percutaneous neuromodulation; peroneal nerve; neuropathic pain; postoperative complications; ul-
trasound guidance; invasive physiotherapy.
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1. Introduction

Distal fibular fractures are among the most common ankle injuries requiring surgical fixation
and are frequently associated with persistent sensory disturbances due to the close anatomical
relationship between the fibula, the superficial peroneal nerve (SPN), and the common pero-
neal nerve (CPN)*?. Because of their superficial course and anatomical variability, these nerves
are particularly vulnerable to direct trauma, traction, compression, or irritation during surgical
exposure, internal fixation, and subsequent hardware placement®*,

Persistent postoperative sensory symptoms, including burning pain, paresthesia, hypoesthesia,
and mechanical hyperalgesia, have been reported in a substantial proportion of patients follow-
ing ankle and distal fibular surgery, even after fracture consolidation and implant removal®7".
These neuropathic manifestations may significantly impair gait, balance, and functional per-
formance, representing a major challenge during long-term rehabilitation'®. Neuropathic pain
after lower-limb trauma is a prevalent condition, often associated with significant disability®.

Despite the established impact of peroneal nerve injury on sensorimotor function, evi-
dence-based physiotherapeutic interventions specifically targeting the SPN and CPN in the
context of chronic postoperative neuropathic pain remain scarce. Current rehabilitation ap-
proaches typically address general pain management and functional recovery, but may be in-
sufficient for patients with persistent peripheral nerve dysfunction years after surgery. This gap
justifies investigating targeted neuromodulatory strategies as a complement to conventional
rehabilitation.

Ultrasound-guided percutaneous neuromodulation (US-guided PNM) has emerged as a min-
imally invasive physiotherapeutic intervention aimed at modulating peripheral nerve excit-
ability through targeted electrical stimulation“**. Previous clinical and experimental studies
suggest that peripheral nerve stimulation may reduce pain, facilitate motor unit recruitment,
and improve functional outcomes in musculoskeletal and neuropathic conditions****. Beyond
sensorimotor pathways, peripheral neuromodulation may influence autonomic nervous sys-
tem activity, contributing to changes in local tissue perfusion, neurogenic inflammation, and
trophic support™*°, Recent clinical guidelines emphasize the importance of anatomical pre-
cision, ultrasound guidance, and safety when performing invasive physiotherapy techniques
targeting distal peripheral nerves such as the SPN and CPN",

Despite the increasing body of literature supporting US-guided PNM in peripheral nerve dis-
orders, evidence specifically addressing its application to the SPN and CPN remains limited.
Therefore, the aim of this clinical case report is to describe the effects of US-guided PNM ap-
plied to the superficial and common peroneal nerves in a patient with chronic cutaneous hy-
peralgesia and hypoesthesia several years after distal fibular fracture surgery, and to contribute
preliminary evidence supporting the clinical utility of this approach.
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2. Description of the clinical case/case series

This case report was prepared following physiotherapy-oriented case-reporting principles
(PhyCaRe)"".

2.1 Patient information

This case was assessed and treated at a private physiotherapy clinic. The treating physiothera-
pist (H.C.) holds a degree in Physiotherapy from the Escola Superior de Tecnologia da Satde de
Coimbra and a postgraduate qualification in Percutaneous Interventions in Physiotherapy from
the Escola Superior de Satde do Politécnico do Porto, with specific training in ultrasound-guid-
ed neuromodulation techniques. The physiotherapist performed both the clinical assessment
and the therapeutic intervention. No other rehabilitation programme was ongoing during the
intervention period, as the aim was to evaluate the isolated effect of US-guided PNM.

A 44-year-old woman presented with persistent sensory disturbances affecting the left lower
limb following a distal fibular fracture sustained in 2020 and treated with open reduction and in-
ternal fixation. Hardware removal was performed two years later due to local discomfort; how-
ever, sensory symptoms persisted despite fracture consolidation. The patient was assessed and
enrolled in June 2025.

At the time of assessment, the patient reported burning pain, paresthesia, altered tactile per-
ception, and reduced confidence in limb control during functional activities such as walking,
driving, and running. She reported no relevant medical comorbidities, no history of neurolog-
ical disease, and no systemic conditions that could explain the sensory impairment. No phar-
macological treatment targeting neuropathic pain was being used. Written informed consent
was obtained for both treatment and publication.

2.2 Clinical assessment

Initial pain intensity was 6/10 on the Numerical Rating Scale (NRS), a well-validated unidimen-
sional pain measure with a minimal clinically important difference (MCID) of =2 points"®. Neu-
ropathic pain screening using the Douleur Neuropathique 4 (DN4) questionnaire yielded a score
of 5/10, indicating probable neuropathic pain (cut-off >4)%9. The DN4 is a validated 10-item
clinician-administered instrument that combines symptom description and bedside sensory
testing and demonstrates high sensitivity and specificity for neuropathic pain®. The Central
Sensitization Inventory (CSI) revealed a low score, suggesting a predominantly peripheral origin
of symptoms?,

Motor assessment demonstrated inhibition in muscles innervated by the common peroneal
nerve. Strength testing using the Medical Research Council (MRC) scale, a widely used 6-point
ordinal scale (0-5) assessing voluntary muscle contraction against gravity and resistance (8),
showed 4/5 strength in the tibialis anterior and fibular muscles and 3/5 in the extensor hallucis
longus. Functional testing revealed impaired ankle dorsiflexion and eversion, reduced knee-to-
wall distance (MCID 1.1 cm®?), and decreased single-leg stance time compared with normative
values!??),
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An ultrasound examination was performed using a Logiqg P9 system (GE Healthcare, Chicago,
IL, USA) with a linear-array transducer. Both the SPN and CPN were evaluated along their ana-
tomical course using B-mode imaging. Dynamic examination demonstrated preserved nerve
morphology without signs of focal entrapment, neuroma formation, or structural damage, con-
sistent with functional neural dysfunction rather than axonal disruption®%.

Sensory evaluation followed procedures aligned with the Nottingham Sensory Assessment'*?,
which assesses light touch, pinprick, and proprioceptive responses on a 3-point ordinal scale
(0 = absent, 1 = altered, 2 = normal). Sensory testing revealed hypoesthesia and mechanical
hyperalgesia in the SPN dermatome. Differential diagnoses included superficial peroneal nerve
entrapment, postoperative neuropathic pain, and peroneal neuropathy secondary to fibular
fracture or surgical intervention®. Although electrodiagnostic testing can provide complemen-
tary information, the clinical presentation and ultrasound findings were considered sufficient
for diagnosis, as supported by previous literature®),

2.3 Timeline and follow-up

The patient sustained a distal fibular fracture in 2020, treated surgically with internal fixation.
Hardware removal was performed in 2022. Between 2023 and 2025, persistent neuropathic sen-
sory and motor symptoms were reported. Baseline clinical assessment and the first US-guided
PNM session targeting the SPN were conducted at Day 0. A second US-guided PNM session
targeting the CPN was performed at Day 3. A follow-up reassessment of all outcome measures
was conducted on Day 7 (table 1).

Outcome measures included NRS, DN4, Nottingham Sensory Assessment scores, MRC muscle
strength grading, knee-to-wall test, and single-leg stance time. Assessments were conducted
at baseline (Day 0) and at follow-up (Day 7). No adverse effects were observed throughout the
intervention period. Treatment adherence was 100%, and all procedures were well tolerated.

2.4 Therapeutic intervention

The therapeutic approach consisted of two sessions of US-guided PNM, performed in accor-
dance with standardized invasive physiotherapy protocols and safety recommendations®%.
Stimulation was delivered using the Physio Invasiva 2.0° device (Prim Fisioterapia y Rehabil-
itacion, Madrid, Spain). Acupuncture needles (Agupunt® AGU-PUNT S.L., Barcelona, Spain; 0.30
x 0.40 mm) were used as needle electrodes. Ultrasound guidance was provided throughout
both procedures using the Logiq P9 system described above.

Session 1 — Superficial Peroneal Nerve (SPN) — Day 0:

The first session aimed to modulate sensory dysfunction and mechanical hyperalgesia. A fre-
quency-modulated stimulation protocol was applied, alternating between high- and low-fre-
quency stimulation within the 2-100 Hz range, with a pulse width of 400 us, for 30 minutes.
Stimulation intensity was progressively increased to the patient's sensory tolerance threshold
without eliciting pain. The needle electrode was inserted under ultrasound guidance using a
long-axis in-plane approach, targeting the subcutaneous course of the SPN"Y (Figure 1).
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Figure 1. Ultrasound-guided needle placement targeting the superficial peroneal nerve (SPN). B-mode ultrasound image showing the needle
position using a long-axis in-plane approach, adjacent to the SPN (arrow) and surrounding soft tissue structures.

Session 2 — Common Peroneal Nerve (CPN) — Day 3:

Three days later, a second session was performed to address persistent hypoesthesia and mo-
tor inhibition. A low-frequency stimulation protocol (2 Hz) with a pulse width of 240 us was ap-
plied for 30 minutes, aiming to facilitate motor unit recruitment and neuromuscular activation.
The needle electrode was positioned using a short-axis ultrasound-guided approach near the
fibular neck to safely target the CPN"Y (Figure 2).

Figure 2. Clinical photograph of ultrasound-guided percutaneous neuromodulation targeting the common peroneal nerve (CPN). The image
shows the patient’s leg with the needle electrode in situ, connected to the Physio Invasiva 2.0°, during active treatment of the CPN using a
short-axis approach at the level of the fibular neck.

Both procedures were conducted under strict aseptic conditions, including skin preparation
with 2% chlorhexidine, use of sterile gloves, and ultrasound probe protection, in accordance
with invasive physiotherapy guidelines*®,
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3. Results

After two sessions of US-guided PNM, clinically meaningful improvements, defined as changes
exceeding published MCID thresholds or normative benchmarks, were observed across pain
intensity, sensory function, muscle strength, joint range of motion, balance, and functional per-
formance. Results are summarised in Table 1.

Table 1. Summary of outcome measures at baseline and follow-up, with MCID references. Abbreviations: NRS-Numerical Rating Scale;
DN4-Douleur Neuropathique 4; MRC-Medical Research Council; MCID-minimal clinically important difference; s- seconds.

Baseline Day 7
Outcome measure Change MCID / Reference

(Day 0) (follow-up)
NRS pain (0-10) 6/10 2/10 -4 points MCID =2 points ®
DN4 (0-10) 5/10 0/10 -5 points Diagnostic cut-off >4 (1%

MCID ~3.5° @1

Ankle dorsiflexion 15° 20° +5°
Ankle eversion 10° 16° +6° Normative 16.6+4.6° %
Knee-to-wall 5cm 9cm +4 cm MCID 1.1 cm @V
Single-leg stance 32s 43's +11s Normative ~45 s adults #*
MRC tibialis anterior 4/5 5/5 +1 grade 7 grade = clinically meaningful "2
MRC fibularis longus/brevis 4/5 5/5 +1 grade 1 grade = clinically meaningful ("2
MRC ext. hallucis longus 3/5 4/5 +1 grade 1 grade = clinically meaningful 12

Pain and neuropathic symptoms: NRS decreased from 6/10 at baseline to 2/10 at follow-up,
a reduction of 4 points, which exceeds the established MCID of =2 points"®. DN4 score reduced
from 5/10 (probable neuropathic pain) to 0/10 (below the diagnostic cut-off of 24)*?. No burn-
ing pain, paresthesia, or evoked mechanical hyperalgesia was reported at reassessment.

Sensory function: Reassessment using the Nottingham Sensory Assessment demonstrated
normalisation of sensory responses in the dorsum of the foot and distal lateral third of the leg.
Both regions progressed from a score of 1 (altered sensation) to a score of 2 (normal response)
in response to light touch and pinprick stimuli”. No areas of residual hypoesthesia or dyses-
thesia were identified.

Muscle strength: Muscle strength improved in all muscles innervated by the common pero-
neal nerve. The tibialis anterior and fibularis longus and brevis muscles increased from MRC
grade 4 to grade 5, corresponding to full strength. The extensor hallucis longus and extensor
digitorum longus improved from grade 3 to grade 4. These improvements in motor function are
consistent with the effects of US-guided PNM on neuromuscular activation reported in the lit-
erature!*>*?, The previously observed cogwheel movement pattern during resisted contraction
was no longer present at reassessment.

Joint range of motion: Ankle eversion increased from 10° to 16°, approaching the normative
value of 16.6° + 4.6° reported for adult women®®. Ankle dorsiflexion improved from 15° to 20°,
which exceeds the MCID of approximately 3.5°". The knee-to-wall test improved from 5 cm to
9 cm, a gain of 4 cm that substantially exceeds the MCID of 1.1 cm?Y,

Balance and functional performance: Single-leg stance time on the affected limb increased
from 32 to 43 seconds, approaching adult normative values of approximately 45 seconds®?.
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The patient reported improved confidence during gait, driving, and the initiation of running
activities, without exacerbation of symptoms.

4. Discussion

This clinical case report describes the effects of US-guided PNM applied to the SPN and CPN
in a patient with chronic postoperative cutaneous hyperalgesia, hypoesthesia, and mild motor
impairment following distal fibular fracture surgery. The intervention resulted in rapid and clin-
ically meaningful improvements, confirmed against published MCID thresholds in pain inten-
sity, neuropathic pain features, cutaneous sensibility, muscle strength, joint mobility, balance,
and functional performance. These findings suggest that targeted US-guided PNM may be an
effective physiotherapeutic strategy for managing persistent neuropathic symptoms related to
peroneal nerve involvement after ankle surgery, even several years after the initial injury.

Postoperative neuropathic symptoms following distal fibular and ankle surgery are well docu-
mented and have been attributed to the anatomical proximity and vulnerability of the SPN and
CPN during surgical exposure, fixation, and subsequent hardware presence**?. Sensory distur-
bances such as burning pain, paresthesia, hypoesthesia, and mechanical hyperalgesia may per-
sist long after fracture consolidation and implant removal® . Importantly, no pharmacological
or other physiotherapeutic interventions were ongoing during the study period, supporting the
attribution of the observed improvements to US-guided PNM.

The complete normalization of the DN4 score and the recovery of cutaneous sensibility are
consistent with known mechanisms of peripheral nerve stimulation, particularly with frequen-
cy-modulated, sensory-focused protocols. Such stimulation preferentially activates large-di-
ameter AR afferent fibers, thereby promoting segmental inhibition and reducing nociceptive
transmission via gate-control mechanisms®’. These neurophysiological effects may addition-
ally modulate nociceptive processing via peripheral afferent pathways'??. The rapidity of sen-
sory improvement, compared with the often slow or incomplete natural recovery following cu-
taneous nerve injury"”, suggests that sensory-oriented US-guided PNM protocols may actively
accelerate functional recovery by modulating peripheral nerve excitability.

Improvements in muscle strength and motor control across CPN-innervated muscles align with
previous reports demonstrating enhanced motor unit recruitment and neuromuscular activa-
tion following peripheral nerve stimulation***¥, The 2 Hz stimulation protocol targeting the
CPN likely facilitated motor neuron excitability and improved voluntary activation of the tibialis
anterior and fibular muscles. Given that peroneal nerve dysfunction is known to impair gait
efficiency, postural control, and confidence during dynamic activities®?, the patient's reported
functional improvements highlight the importance of protocol-specific neuromodulation that
addresses both the sensory and motor components of peroneal neuropathy.

Beyond sensorimotor pathways, neuromodulation may influence autonomic nervous system
activity, contributing to vasodilation, enhanced local tissue perfusion, and modulation of neu-
rogenic inflammation***). These autonomic effects may support metabolic and trophic recov-
ery of neural and muscular tissues in chronic postoperative states.
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This case report has several important limitations. First, the single-case design and absence of
a control condition prevent causal inference; improvements may reflect natural recovery, re-
gression to the mean, or placebo effects. Second, no electrodiagnostic testing was performed;
although clinical presentation and ultrasound findings were considered sufficient for diagno-
sis®* nerve conduction studies would have strengthened diagnostic confidence. Third, the
absence of Day 3 assessments for all outcomes limits characterization of the temporal response
profile. Fourth, follow-up was limited to Day 7, so the durability of the observed improvements
remains unknown. Fifth, although the treating physiotherapist also performed the outcome as-
sessments, no independent blinded assessor was available in this single-clinician case context.

This case supports the inclusion of US-guided PNM as a potential adjunct to conventional re-
habilitation in patients with persistent postoperative neuropathic symptoms following ankle
or distal fibular surgery. Future research should include randomized controlled trials targeting
SPN and CPN"*# blinded outcome assessment, longer follow-up periods, and integration of
electrodiagnostic and autonomic markers to clarify underlying mechanisms.

5 Conclusion

This clinical case demonstrates that US-guided PNM may be an effective and safe physiother-
apeutic intervention for managing chronic postoperative neuropathic symptoms associated
with peroneal nerve involvement after distal fibular fracture surgery. Two targeted sessions
applied to the superficial and common peroneal nerves resulted in clinically meaningful im-
provements — confirmed against published MCID thresholds — in pain, cutaneous sensibili-
ty, muscle strength, joint mobility, balance, and functional performance. The rapid resolution
of neuropathic pain features and normalization of sensory thresholds suggest that US-guided
PNM can effectively modulate peripheral nerve excitability and facilitate sensorimotor recovery
even several years after surgical injury. These findings, while preliminary, support the role of
US-guided PNM as a valuable adjunct in the rehabilitation of patients with persistent neuro-
pathic symptoms when conventional approaches have limited effectiveness.

5.1 Patient perspective

The patient reported a clear improvement in her perception of the affected limb following
treatment. She described her left leg as feeling lighter and more controlled, particularly during
gait and transitional movements. Activities previously associated with discomfort and insecu-
rity, such as driving and initiating running, were reported as comfortable again after the inter-
vention. The patient also highlighted increased confidence in weight-bearing tasks, noting a
smoother and more stable execution of daily and recreational activities.
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