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Abstract: Neuropathic pain is a highly disabling condition and current management remains
chal-lenging; rehabilitation-based strategies, including thermal medicine and balneology, may
support symptom control and functional recovery in peripheral neuropathy. This retro-
spective observational pilot study evaluated changes in pain intensity and functional in-
dependence in 20 patients with peripheral neuropathy undergoing a 2-week Integrated
Thermal Care (ITC) program (12 sessions) combining crenotherapy and inhalation treat-ments,
hydrokinesitherapy, an ozonated vascular walk, mature bentonite-based mud ap-plications,
and manual treatment of Key Myofascial Trigger Points; the clinical evolution of the patients
was monitored by observing the data of the Numeric Rating Scale (NRS) and the Barthel Index
(BI) obtained from their medical records compiled before (T0) and after (T1) the execution of
the treatments. At the end of the ITC program it was observed that pain intensity significantly
decreased after treatment (mean NRS 7.05 to 3.35; p < 0.001) and functional independence
significantly improved (mean BI change +12.2 points; p < 0.001). These purely preliminary
findings suggest that observed neuropathic patients undergoing ITC showed reduced pain and
improved ADL performance after completing the protocol; however, prospective controlled
studies with larger samples, longer follow-up, and neuropathy-specific outcome measures are
necessary to confirm the supposed ef-ficacy of ITC and clarify its mechanisms.

Keywords: peripheral nervous system diseases; pain; thermal medicine; key trigger point; re-
habilitation; physical therapy; balneotherapy; mineral waters; manual therapy.

1. Introduction

Neuropathic pain is one of the most disabling pain conditions and represents a
major unmet medical need in modern sedentary societies; it is estimated to affect ap-
proximately 7-10% of adults in the general population, with many patients receiving
inadequate and incomplete treatment [1]. Neuropathic pain is diagnosed when pain
of the appropriate character is accompanied by further features such as hypoesthe-
sia/anesthesia, allodynia, or hyperalgesia [2], and it may arise from a wide range of
conditions, including painful neuropathies (diabetic or non-diabetic), nerve injuries
(often attributable to surgery or trauma), herpes zoster, herniated discs, multiple scle-
rosis, spinal cord injury, head injury, or stroke [3]. As first-line pharmacological treat-
ment options, tricyclic antidepressants, serotonin—norepinephrine reuptake inhibi-
tors, and gabapentinoids are recommended [4].

In recent years, the number of clinical trials addressing neuropathic pain has
increased, alongside improved WHO-endorsed definitions and classifications and
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more user-friendly screening and assessment questionnaires. Nevertheless, manage-
ment remains challenging even with drugs based on novel active ingredients, high-
lighting the need for innovative therapeutic strategies. In clinical practice, conserva-
tive treatment requires realistic goals, such as a pain reduction of at least 30% and
improvements in pain-related functions, as suggested by the German Neurological
Society [5]. Beyond pharmacological management, rehabilitation-based strategies
may contribute to symptom control and functional recovery in patients with neuro-
pathic pain [6].

Within this framework, thermal medicine represents a multimodal intervention
exploiting mineral water chemical composition with physical properties (e.g., tem-
perature, osmolarity, and pH), potentially influencing pain modulation and muscu-
loskeletal function through chemical and neurophysiological pathways. Thermal
mineral waters are characterized by chemical features (e.g., fixed residue at 180°C,
sulfide content) and physical properties (e.g., source temperature, osmolarity, radio-
activity, and pH), and their effects have been investigated in clinical and experi-
mental settings [7-9]. In particular, bicarbonate-sulfate-alkaline waters containing
bromine and iodine are also used at the study site and have been reported to exhibit
spasmolytic properties relevant to gastrointestinal disorders [10], which are con-
sistent also with central and peripheral sedative or relaxant effects directly and indi-
rectly associated to Bicarbonate [11], Bromine [12] and Iodine [13].

Therefore, from a clinical perspective, an Integrated Thermal Care (ITC) pro-
gram may be of interest also in peripheral neuropathy, since it integrates comple-
mentary components, including aquatic rehabilitation, which may facilitate move-
ment through buoyancy and reduced mechanical load and improve exercise toler-
ance in patients limited by pain and functional impairment [14,15]. Thermal medicine
pathways may also include adjunctive procedures (e.g., hydropinic and inhalation
treatments and peloid applications), which have been investigated in other painful
and inflammatory conditions and may contribute to symptom modulation through
anti-inflammatory and/or neuromodulatory effects [16-18]. However, both the mag-
nitude and specificity of these effects remain debated, as improvements may reflect
a combination of thermal/physical mechanisms, contextual factors, and heterogene-
ous protocols, while controlled evaluations are methodologically challenging (e.g.,
blinding and credible sham interventions) [6,19].

Therefore, to begin addressing this research gap, we conducted a pilot retrospec-
tive observational study to assess changes in pain intensity (NRS) and functional in-
dependence (Barthel Index) in patients with peripheral neuropathy undergoing an
ITC program combining hydropinic and inhalation administration of bicarbonate—
sulfate—alkaline-earth mineral water, local application of bentonite clay mud, an ozo-
nated vascular walking path, hydrokinesytherapy sessions, and manual somatic
stimulation of Key Myofascial Trigger Points (KMTrPs). The primary aim of the
study is to preliminarily verify whether patients undergoing and completing the ITC
protocol performed at the data collection institution show improvement in pain and
ADL limitations associated with their condition. In particular, this observational
evaluation also explored protocol feasibility (tolerability and potential clinical bene-
fit) as a foundation for future experimental research, informed by evidence support-
ing individual balneotherapy components in other clinical settings [20,21].

2. Materials and Methods

2.1. Study Design

This research is a pilot retrospective observational study carried out at the
“Castelnuovo della Daunia Thermal Medicine Center” (Castelnuovo della Daunia,
Italy), affiliated with the Italian National Health System and with the rehabilitation
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department of the Local Health Authority of Foggia (Italy). The observation was car-
ried-out in cooperation with the staff of the “Center for Physiotherapy, Rehabilitation
and Re-Education — (Ce.Fi.R.R.)” (Chieti, Italy). Patients were consecutively enrolled
between March 2025 and July 2025. The research project was conducted according to
the technical-procedural and ethical standards of the certification of suitability for the
implementation of observational studies (certificate no. IT15/0304) issued to the
“Ce.Fi.R.R.” institution by the Italian National Accreditation Body ACCREDIA, in
accordance with the UNI EN ISO 9001:2015 regulation; this certifies the application
of good management, clinical and research practices at the institution that collabo-
rated in the collection and processing of data with the main physical location of the
study.

All therapeutic procedures complied with national safety regulations. The ITC
protocol was offered to patients who did not present specific contraindications at the
baseline medical evaluation routinely required for all subjects accessing the study
facility. The study was conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines, and written informed consent was obtained in ad-
vance at enrolment from participants who were willing and able, including express
consent for the potential future use of clinical data for observational research. In line
with the evaluation and operational routine applied at the study site, the observed
data correspond to those recorded in the medical charts compiled by medical doctors
responsible for baseline and follow-up evaluations of patients accessing the center.
The national regulatory framework seem to not adequately define competence re-
garding the ethical approval of retrospective, non-pharmacological observational
studies [41]; therefore, given the express competence in the observational field of the
territorial ethics committees recognized by national legislation exclusively for the
evaluation of clinical investigations on medical devices and observational pharmaco-
logical studies, the study design presented was considered exempted from standard
ethics committee approval. Furthermore, the privacy of patients, including that of
their data previously collected in the medical records, was guaranteed throughout
the observation process by anonymizing personal and sensitive data and considering
only clinical data relevant to the study, assigning an anonymous numerical identity
to each patient during the analysis and writing of the paper.

The thermal medicine center where the study was conducted is characterized by
the use of bicarbonate—sulfate—alkaline mineral water containing bromide and io-
dide, employed both for immersion-based treatments and for direct administration
procedures, including inhalation therapy, hydropinic intake (crenotherapy), and the
preparation of mud applications (peloids) matured in the same mineral water [10].

2.2. Patients Selection

Patients who presented to the Castelnuovo della Daunia Thermal Medicine Cen-
ter during the observation reference period with a documented diagnosis of periph-
eral neuropathy, previously established by non-center physicians, were consecu-
tively considered.

Neuropathy etiologies were heterogeneous (acquired or hereditary) and in-
cluded:

- diabetes and vitamin deficiencies (particularly vitamins B12, B1, and B6);

- autoimmune diseases (e.g., lupus, theumatoid arthritis);

- toxic etiologies (alcohol, lead, or drug-related causes, particularly chemother-

apy);

- trauma or compression syndromes (e.g., carpal tunnel syndrome).

Patients with contraindications to thermal treatments identified at baseline clin-
ical evaluation were not eligible for the ITC protocol in routine practice and were
therefore not included in the present analysis.

In particular, exclusion criteria, as expressed in the informed consent submitted
to all patients at the study site, included heart or kidney failure, severe hypertension,
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severe thrombophlebitis, acute phases of rheumatic diseases, immunodeficiency,
open wounds, psychiatric disorders, severely limited ability to walk, and active in-
fections.

2.3. Assessment Methods

Patients were clinically assessed before the beginning of the ITC treatment cycle
(TO) and at the end of the cycle (T1). Clinical data were extracted from medical rec-
ords routinely compiled by the center’s medical doctors, including specialists in
Physical and Rehabilitation Medicine and Rheumatology, who performed baseline
and follow-up evaluations. The recorded data were routine elements of the clinical
evaluation procedure performed at the study site and were retrospectively extracted
from medical records for analysis.

Outcome measures included:

- Numeric Rating Scale (NRS): an 11-point scale (0-10) used to assess pain intensity
at the time of evaluation, where 0 represents no pain and 10 represents the worst
pain imaginable. In the present study, patients were asked to indicate the intensity
of their neuropathic pain on the 0-10 scale during the clinical assessment at TO and
T1. It is a widely recommended tool in the general assessment of pain, including
neuropathic pain [42].

- Barthel Index (BI): a measure of functional independence in activities of daily liv-
ing (ADL) based on 10 weighted items, yielding a total score from 0 (total depend-
ence) to 100 (total independence), with supervision classified as a form of depend-
ence. Bl was recorded at TO and T1 as part of routine functional evaluation. This
tool is often used to assess the functional independence of patients suffering from
neuropathic pain [43].

2.4. Treatment Protocol

The ITC protocol applied at the study site consists of a standardized integrated
thermal medicine pathway prescribed after specialist medical evaluation and indica-
tion. The protocol includes the approaches described following, which were admin-
istered consecutively in the same order as below.

2.4.1 Functional Assessment of KMTtPs

The functional assessment to identify key trigger points applied the so-called Bio-
Physico-Metric approach [44]; the identification of KMTrPs was based on a standard-
ized palpation sequence aimed at detecting palpable muscular nodules, together with
the assessment of postural asymmetries and alterations in the physiological joint
range of motion. This evaluation was performed on the following muscular districts:
pectoralis major, rectus abdominis, rectus femoris, adductor magnus, tibialis ante-
rior, adductor hallucis, quadratus plantae, and abductor digiti minimi. The assess-
ment was also extended to the splenius cervicis, upper and lower trapezius,
paraspinal longissimus dorsi, quadratus lumborum, gluteus maximus, gastrocnem-
ius, soleus, and hamstrings. On average, approximately three KMTrPs were identi-
fied at each session, which were then targeted during the manual treatment compo-
nent of each subsequently performed therapeutic approach. This brief assessment
phase, requiring no more then 5 minutes, preceded the application of the following
actual treatments in each session and for each patient.

2.4.2 Manual Treatment of KMTtPs

The manual treatment of key trigger points was delivered concurrently with the in-
halation sessions, mud applications, and hydrokinesitherapy (daily, 12 sessions).
Based on the baseline KMTrPs assessment, the therapist focused on the muscles iden-
tified as clinically relevant for each patient. The manual component consisted of sus-
tained digital pressure (approximately 30 seconds per KMTrP), combined with soft-
tissue massage and joint mobilization techniques, and was repeated across sessions
according to the individualized trigger point pattern.
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2.4.3 Hydropinic Treatment

The application of crenotherapy, locally defined as hudropinic treatment, consisted
of the oral intake of locally sourced mineral water from underground springs who
irrigate the balneological center where patients have been treated. Each participant
was prescribed an individualized daily volume of thermal mineral water ranging
from 0.5 to 1.2 liters, based on the routine initial medical evaluation at the study site.
The water was consumed by patients freely during the subsquently described phases
of each treatment day, under staff supervision, and patients were instructed to main-
tain adequate hydration and to report any eventual gastrointestinal discomfort or
intolerance symptoms during the program.

2.4.4 Thermal Water Inhalation Protocol

Thermal water inhalation consists of the administration of a humidified steam jet via
a nozzle situated 50 cm from the patient. The thermal water was aerosolized at a
constant pressure of 1.5 atmospheres and maintained at a temperature range of 37°C—
38°C for a 20-minute duration. For the initial 10 minutes, a therapist— positioned be-
hind the seated participant—conducted manual stimulation of pre-identified
KMT1Ps and accessory respiratory muscles, including the diaphragm, pectoralis mi-
nor, levator scapulae, and the region corresponding to the stellate ganglion.

2.4.5 Clay Mud Applications

Mature bentonite-based clay mud applications were delivered daily over 12 sessions
during the 2-week ITC program. The mud, matured in thermal mineral water, was
applied locally on the spine, on all major joints (ankles, knees, hips, wrists, elbows,
and shoulders), and on the KMTrPs identified during the baseline assessment of each
session, with the patient positioned comfortably on a treatment bed. Each mud ap-
plication lasted approximately 15 minutes. At the end of the exposure period, the
mud was removed by showering with thermal water in a bathtub for around 15
minutes, followed by a short post-treatment rest, defined as “reaction phase”, lasting
approximately 20 minutes in a thermoneutral environment, according to routine
thermal medicine practice and patient tolerance.

2.4.6 Ozonated Vascular Circuit

The ozonated vascular circuit consists of supervised ambulation between two ther-
mal pools maintained at contrasting temperatures (24°C and 38°C) to facilitate ve-
nous and lymphatic stimulation in the lower extremities. During each 15-minute ses-
sion, performed daily during the 12 sessions of the 2-week ITC program, patients
alternated between pools at one-minute intervals. Both reservoirs utilized ozonated
water jets (4-6 atm) to provide a continuous proprioceptive stimulus. Concurrently,
patients were instructed to perform upper limb flexion exercises, reaching their max-
imum pain-free range of motion in coordination with their gait, to ensure systemic
stimulation of both upper and lower limbs. The circuit is based on standard contrast
therapy [45] associated to an institution-exclusive administration of ozonated water
jets with hydromassage and proprioceptive stimulation purposes.

2.4.7 Hydrokinesitherapy

Water-based treatment sessions were conducted daily for 12 60-minutes sessions in
a warm thermal water pool (32.5°C) and followed a standardized progressive pro-
gram. Each session started with water adaptation and relaxation, followed by global
passive static stretching, mainly targeting tonic muscle groups (e.g., pectoral, iliop-
soas, spinal extensors, rectus femoris, adductors, triceps surae). The motor compo-
nent included buoyancy-assisted exercises and controlled floating tasks with respir-
atory coordination, postural position changes (e.g., seated-to-supine and supine-to-
seated transitions), and gait re-education in shallow water (e.g., step pattern and heel-
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to-toe walking), taking advantage of reduced weight-bearing and hydrostatic sup-
port. The protocol further incorporated fully-active and active-assisted joint mobili-
zation, proprioceptive exercises with underwater tilting boards and global active
stretching, with therapist guidance as needed.

2.5. Data Analysis

Statistical analysis was performed through the Statistics Kingdom online calcu-
lator (www.statskingdom.com). Since violations of the normality assumption of the
datasets have been detected, according to the Shapiro-Wilk test, for both the T1 NRS
and T1 Barthel Index, the data were analyzed considering them as not normally dis-
tributed. Therefore, the statistical analysis of the pre-post variations of the observed
values was carried out for each group through the Wilcoxon signed-rank test for de-
pendent samples. Given the non-parametric analysis adopted, overall data of the
study cohort at TO and T1 were reported both in terms of mean + standard deviation
(5.D.) and in terms of median and interquartile range (IQR). A p < 0.05 was used to
denote statistical significance. The effect size (r), Z score (Z), and average percentage
variation (A%) were also calculated. Moreover, to further investigate the available
data, a secondary quantitative analysis of the values of the individual Barthel Index
items reported at TO and T1 was conducted. It is important to specify that, given the
pilot and exploratory nature of the study, the analysis was conducted for the sole
purpose of observing the strength of the variations found in the observed subjects,
without direct generalization in the absence of a sufficiently large sample.

3. Results

The cohort consisted of 20 patients with peripheral neuropathy assessed at two
time points, including an equal number of women (n = 10; 50%) and men (n = 10;
50%). The following table shows the demographic distribution of the patients consid-
ered for the observations of this study (Table 1).

Table 1. Demographic distribution of the cohort.

Variable Categories Frequencies %
Gender Men 10 50.0
Women 10 50.0

31-45 1 5.0
Age (years) 46-60 3 15.0
61+ 16 80.0

0 0 0

TO NRS Score 13 0 0
4-6 5 25.0
7-10 15 75.0

0-20 0 0.0

21-60 0 0.0
TO Barthel Index Score 61-90 16 80.0
91-99 4 20.0

100 0 0

Musculoskeletal and neurological comorbidities were observed in the cohort (n
=20). Specifically, polyarthrosis was reported in 12 patients (60%), low back problems
requiring “lumbar stabilization” in 7 (35%), shoulder disorders in 4 (20%), knee dis-
orders in 3 (15%), and neurological conditions in 3 (15%). Comorbidities were not
mutually exclusive.
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At the end of the treatment protocol (T1), a significant reduction in the NRS score
was observed, with patients’ pain intensity decreasing from T0 to T1, corresponding
to an overall reduction of 52.5%. The Barthel Index increased from TO to T1, corre-
sponding to an overall increase of 14.7% (Table 2). The extremely low significance
values detected for both variables (p < 0.001), remain substantially below the con-
servative significance threshold of 0.025 determined by the Bonferroni correction for
two variables, minimizing the probability of a Type 1 error, as well as that of Type 2
error (Table 2). Furthermore, robust effect sizes were detected for both outcomes (r >
0.8), indicating a substantial and clinically relevant improvement in patients' pain
(NRS) and functional autonomy (Barthel Index) within the observed cohort (Table 2).
However, given the limited volume of available data, caution is warranted when
evaluating the statistical robustness of the observed correlations, which serve a
strictly exploratory purpose.

Table 2. Changes in pain intensity and functional independence (TO vs T1).

Outcome Time (meanz SD) Median IQR p r V4 A%
NRS (0-10) TO  7.05+2.2 7.0 1.7
<0001 -089 -396  -52.5%

T1  335:12 3.0 2.0

TO 829477 83.0 14.0
Barthel Ind
oarlooe ndex 0001 087 391  147%
(0-100) T1 95144 96.0 8.0

Quantitative granular analysis of Bl items highlighted that improvements were
mainly observed in mobility- and transfer-related domains (e.g., stair climbing,
walking, and bed-chair transfers), whereas several basic ADL items showed little or
no variation between TO and T1. In particular, feeding and continence items pre-
sented baseline values already close to the maximum score, resulting in limited
room for further improvement and suggesting a ceiling effect (Table 3).

Table 3. Barthel Index item-level changes

Barthel item T0 (meant SD) T1 (meant SD) A (T1-T0) Improved n/N%
Stair climbing 5.80+2.19 8.90 +1.02 +3.10 17/20 (85%)
Transfers (bed—chair) 11.45+2.31 14.25+1.33 +2.80 16/20 (80%)
Dressing 7.50 +1.85 9.15+1.35 +1.65 12/20 (60%)
Feeding 4.95+0.22 5.00 + 0.00 +0.05 1/20 (5%)
Bowel continence 4.90+0.31 4.95+0.22 +0.05 1/20 (5%)
Urinary continence 4.95+0.22 4.95+0.22 0.0 0/20 (0%)

No drop-outs were recorded during the study and all patients considered for
observation completed the treatment protocol with the expected timing and modal-
ity, without reporting any adverse effects during the sessions or in the period imme-
diately following them.

4. Discussion

In this retrospective observational pilot study, it was observed that the observed
cohort of neuropathic patients undergoing the application of an Integrated Thermal
Care (ITC) protocol in an aquatic thermal environment showed clinically meaningful
improvements in two core outcomes relevant to peripheral neuropathy, namely pain
intensity and functional independence. Specifically, a marked reduction in NRS
scores and a concomitant increase in Barthel Index values were observed from base-
line to post-treatment: consequently, it cannot be excluded that the ITC protocol may
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have played a role in supporting both symptom control and ADLs performance in
the observed patients; however, due to the retrospective nature of the study and the
relatively limited amount of data, also in the presence of multiple confounding fac-
tors, it is not possible to establish direct causal links between exposure to the treat-
ments and the clinical improvements obtained in the observed cohort, although the
relationship appears plausible based on the current evidence in the field and might
deserve more in-depth studies in the future.

A more specific interpretation of functional change emerges from the item-level
Barthel analysis. Improvements were predominantly observed in domains related to
mobility and transfers, which represent key determinants of autonomy in patients
with peripheral neuropathy and are commonly compromised by pain, weakness, and
impaired sensorimotor control [22,23]. Conversely, several basic ADL items (e.g.,
feeding and continence) exhibited minimal to no variation, plausibly due to a ceiling
effect, with baseline scores already close to the maximum. This pattern is consistent
with a reduced sensitivity of the scale to detect further gains when baseline function
is preserved, and it supports the interpretation that the greatest measurable benefits
of ITC in this cohort were concentrated in mobility-related tasks [24,25]. Since this is
a retrospective study with consecutive recruitment, it is possible that the intrinsic
characteristics of the patients considered may have determined the misalignment of
the Barthel items, in which a regression to the mean cannot be excluded and which
should be further investigated through future, possibly randomized and controlled,
studies. Furthermore, the regular repetition of the treatment may have induced a
practice effect of generalized improvement in motor skills which, however, does not
automatically translate into a transfer to ADLs, which according to the literature ap-
pear to be more sensitive to home-based treatments than to exercise protocols or
other forms of indirect treatments [26]. Therefore, even the results obtained in the
single-item analysis of the Barthel Index should be interpreted with extreme caution
and considered only as an insight for possible future studies on the proposed ap-
proach in the field of neuropathies.

From a pathophysiological standpoint, peripheral neuropathy is frequently
characterized by a multifactorial interplay of mechanical, metabolic, and inflamma-
tory contributors that can converge into persistent pain and functional limitation. In
this context, an integrated approach such as ITC may be theoretically advantageous
because it combines interventions that target different dimensions of disability. Ther-
mal medicine can be conceptualized as a multimodal treatment that merges the phys-
ical effects of water-based rehabilitation with potential biological effects derived from
mineral-water exposure and adjunctive mud therapy. Prior literature has described
beneficial effects of balneotherapy/crenotherapy and related thermal interventions
across various painful and inflammatory disorders, including reductions in symptom
burden and functional limitation, although indications and protocols remain hetero-
geneous [9,18,27]. Proposed mechanisms—still not fully elucidated —include modu-
lation of inflammatory mediators (e.g., cytokine- and TNF-related pathways), antiox-
idant activity, and local effects potentially mediated by skin contact and inhala-
tion/ingestion routes [16]. While direct mechanicistic evidence in neuropathic popu-
lations is limited, these pathways provide a biologically plausible framework to in-
terpret the observed reduction in pain intensity in the present cohort.

Thermal medicine may act as a multimodal intervention, combining the physical
properties of water-based therapy with the potential biological effects of mineral wa-
ter composition and adjunctive mud therapy. Previous literature has reported anti-
inflammatory and symptom-modulating effects of balneotherapy, crenotherapy, and
related thermal treatments across different conditions, including inflammatory and
painful disorders [28]. In the present study, the observed improvement in pain and
ADL performance may reflect the combined effect of thermal-water-based rehabili-
tation (including hydrokinesitherapy), adjunctive mud applications, and manual ap-
proaches targeting KMTrPs [20,29].
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Within the ITC pathway, the potential contribution of peloid therapy warrants
consideration. Bentonite-based thermal muds have been described as possessing ad-
sorptive and mineral-releasing properties, with hypothesized local effects when ap-
plied to painful areas; however, such mechanisms remain largely inferential and re-
quire further clinical validation specifically in neuropathic conditions [17,18,30]. In
parallel, the inclusion of manual somatic approaches targeting KMTrPs may comple-
ment thermal rehabilitation by addressing secondary musculoskeletal contributors
to pain and movement limitation. Considering that patients with peripheral neurop-
athy may develop maladaptive movement patterns, deconditioning, and segmental
overload, a combined program integrating graded exercise, manual therapy, and
thermal exposure could support functional recovery through improved movement
tolerance and symptom modulation. A further interpretative rationale is the bidirec-
tional interaction between somatic and visceral/autonomic pathways and their role
in pain processing and functional limitation, which may offer a theoretical frame-
work for multimodal interventions that concurrently act on somatic and autonomic
components of symptom expression [31]. Nonetheless, it is important to emphasize
that mechanistic inferences cannot be confirmed by the present study design, there-
fore, the therapeutic mechanisms described so far can only be reported as plausible
but not as directly causative of the observed results, which require more in-depth
analyses and more pathway-based investigations in future studies on the subject.

4.1. Study Limitations

Several limitations should be acknowledged. First, the retrospective observa-
tional nature of the study, the single-center setting, and the relatively small cohort
size limit external validity and preclude strong causal inference. Second, the absence
of a control group prevents disentangling treatment effects from nonspecific factors
(e.g., regression to the mean, contextual effects, and changes in concomitant care). In
particular, since the study venue deals exclusively with balneological treatments, it
was not possible to collect data from untreated patients, patients undergoing sham
treatment, or patients undergoing therapy other than balneological therapy, for eth-
ical reasons related to the inappropriateness of denying patients access to the re-
quested balneological treatments, in the absence of health conditions expressly fall-
ing within the routinely established exclusion criteria. Third, the outcome set was
intentionally concise (NRS and Barthel Index) and limited to rapid and non-invasive
assessment tools already present in the medical records routinely used for patient
monitoring at the practice site, therefore, no disease-specific neuropathic pain ques-
tionnaires, quantitative sensory testing, or performance-based mobility measures
were collected; consequently, the clinical interpretation should be restricted to pain
intensity and ADL function, without extending conclusions to domains not directly
assessed (e.g., balance, gait quality, or quality of life) [6]. Finally, although the item-
level quantitative analysis suggested a ceiling effect in some Barthel domains, addi-
tional instruments with greater responsiveness in mildly impaired patients may be
preferable in future studies [22,23,25].

4.2. Implications for Physical and Rehabilitation Medicine

Currently, physical rehabilitation for peripheral neuropathies stands at a critical
juncture, bridging the promising frontiers of neuroplasticity and personalized medi-
cine, yet severely constrained by operational gaps, especially in terms of standard-
ized and effective clinical protocols, limiting the translation of evidence-based inter-
ventions into widespread clinical practice [32]. In particular, the rehabilitation of pe-
ripheral neuropathies might require a synergistic and multimodal approach: while
pharmacological therapy and physical means act initially on the neuromodulation of
pain and on muscle trophism, therapeutic exercise and orthoses consolidate their ef-
fects over time, promoting sensorimotor recovery, functional adaptation and the re-
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duction of disability [32]. An intricate clinical overlap and diagnostic mimicry be-
tween movement disorders and peripheral neuropathies has been highlighted, em-
phasizing that a meticulous, integrated management of motor impairment is para-
mount to prevent diagnostic errors and optimize functional recovery in patients pre-
senting with concurrent central and peripheral nervous system pathology [33]. In this
sense, balneotherapy, thanks to its vascularizing, hormone balancing, and physical
stimulation properties, could be an interesting therapeutic approach in the rehabili-
tation field for peripheral neuropathies [34], although increasingly robust and nu-
merous studies are needed to verify whether current protocols, such as the one pro-
posed in this paper, are effective on a large scale and, if so, for which subclasses of
neuropathy [34].

4.3. Future Prospects

Despite the limitations, the present pilot observation preliminarly supports the
feasibility and, at least, a potential clinical role of an integrated thermal rehabilitation
pathway in peripheral neuropathy. However, given the thoughtful limitations, it is
important that future studies, which are necessary to confirm these purely prelimi-
nary results, prioritize prospective controlled designs with larger, better-character-
ized cohorts, longer follow-up, and broader outcome batteries, including validated
neuropathic pain instruments and performance-based functional tests. Furthermore,
mechanistic endpoints (e.g., inflammatory biomarkers and objective measures of
neuromuscular function) may help clarify which components of the ITC program
drive clinical change and whether benefits persist beyond the treatment window
[19,20,35]. In fact, although the study results are encouraging, they do not allow for
a thorough investigation of the speculatively hypothesized therapeutic mechanisms,
limiting the generalizability and causal inference of the observed clinical evolution
of monitored patients. However, the study also demonstrated a certain degree of
safety and good short-term compliance, given the absence of reports of adverse reac-
tions to treatment or drop-outs, laying the foundation for new and more in-depth
studies on the topic. These studies should not only consider a prospective, random-
ized, controlled setting, but also more specific and thorough assessment tools, such
as the Douleur Neuropathique 4 or Leeds Assessment of Neuropathic Symptoms and
Signs scales, as well as the application of electrodiagnostic testing that considers both
nerve conduction studies and needle EMG recordings of electrical activity within
muscles. In fact, the evaluation of peripheral neuropathies should always ideally in-
clude an instrumental electrophysiological evaluation combined with a clinical eval-
uation based on the use of validated scales [36]. Moreover, the same specific scales
could be used in combination, since tools such as the Douleur Neuropathique 4, the
Leeds Assessment of Neuropathic Symptoms and Signs scale, and the Neuropathic
Pain Symptom Inventory seem to offer different levels of sensitivity and specificity
depending on the sub-classes of neuropathies and populations to which they are ad-
ministered [37-39], possibly making a multimodal test more reliable. These pathol-
ogy-specific methods could also be considered to be paired with more symptom-spe-
cific and sensor-based assessments, in particular with regard to gait and balance mo-
tor outcomes that are often relevant in the rehabilitation of peripheral neuropathies
[40], on a par with assessments of autonomy of daily activities such as the Barthel
Index included in the present study.

5. Conclusions

According to the results of this retrospective observational pilot study, con-
ceived as a preliminary evaluation of the feasibility and potential benefits of the pro-
posed protocol, the application of Integrated Thermal Care (ITC) treatments in pa-
tients with peripheral neuropathy seems to be associated with a significant reduction
in pain intensity (NRS) and an improvement in functional independence (Barthel In-
dex). Given the non-invasive nature of the intervention, its practical deliverability
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within a thermal medicine setting, and its potential to be implemented on relatively
large patient populations within a short treatment window, further studies are war-
ranted to confirm and better quantify its therapeutic value and generalizability in
peripheral neuropathy.

However, the present findings should be interpreted in light of the many study
limitations, including the small cohort size, the retrospective observational design,
and the lack of randomization and a control group, which preclude causal inference
and markedly reduce the generalizability of the observed results. Future prospective
controlled trials with larger samples, longer follow-up, and additional disease-spe-
cific and performance-based outcomes are needed to validate these preliminary re-
sults and to clarify the clinical role of integrated thermal rehabilitation in the man-
agement of peripheral neuropathy.

Author Contributions: Conceptualization, G.B., M.D.B. and M.P.; methodology, G.B. and M.P.;
software, G.B.; validation, G.B., C.Marian. and C.D.M.; formal analysis, G.B.; investigation, F.B.
and R.D.L,; resources, G.B. and M.P.; data curation, G.B.; writing —original draft preparation,
G.B., CMarin. and L.P.; writing—review and editing, C.Marin. and L.P.; visualization,
C.Marin. and L.P.; supervision, M.D.B.; project administration, G.B. and M.P.; funding acqui-
sition, G.B. and M.P. All authors have read and agreed to the published version of the manu-
script.

Funding: This research received no external funding.

Institutional Review Board Statement: ethical board review and approval were waived for
this retrospective observational study, since the therapeutic methods observed fall among the
non-pharmacological approaches and the analysis was based on routinely collected clinical
data recorded as part of standard care and anonymized prior to analysis, and no additional
procedures were performed for research purposes. In particular, the exemption from the ethi-
cal review board approval was considered due to the express competence in the observational
field of the territorial ethics committees recognized by national legislation exclusively for the
evaluation of clinical investigations on medical devices and observational pharmacological
studies. The study was conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice standards.

Informed Consent Statement: Informed consent was obtained in advance from all subjects
involved in the study, collecting explicit authorization for any use of their clinical data and any
graphic-visual material, provided that it was made anonymous and respectful of their privacy.
The research project falls within the scope of certification for the implementation of good prac-
tices in the management of clinical procedures and observational studies (certificate no.
IT15/0304) issued to the “Ce.Fi.R.R.” institution by the Italian National Accreditation Body
ACCREDIA, in accordance with UNI EN ISO 9001:2015.

Data Availability Statement: The data presented in this study are available from the corre-
sponding author upon reasonable request due to privacy restrictions.

Acknowledgments: The authors thank the staff of the Castelnuovo della Daunia Thermal
Medicine Center and the “Ce.Fi.R.R.” team for their collaboration and organizational support
during routine clinical activities related to the ITC program.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Hange, N.; Poudel, S.; Ozair, S.; Paul, T.; Nambakkam, M.; Shrestha, R.; Greye, F.; Shah, S.; Raj Adhikari, Y.; Thapa, S.;
Patel, P. Managing chronic neuropathic pain: recent advances and new challenges. Neurol Res Int 2022, 2022, 8336561.
doi: 10.1155/2022/8336561.

2. Ahmadi, R.; Kuner, R.; Weidner, N.; Kefler, J.; Bendszus, M.; Krieg, S.M. The diagnosis and treatment of neuropathic
pain. Dtsch Arztebl Int 2024, 121, 825-832. doi: 10.3238/arztebl.m2024.0215.

3. Zhai, C.; Cai, J.; Gong, Y.; Sui, Y.; Bai, Z.; Qian, Y.; Fei, Y.; Wang, T.; Wu, Q. A new treatment for neuropathic pain: a
narra-tive review of noninvasive central nervous system-based magnetic resonance imaging. Adv Technol Neurosci
2025, 2(2), 91-96. doi: 10.4103/ATN.ATN-D-24-00031.

4. Szok, D.; Tajti, J.; Nyari, A.; Vécsei, L. Therapeutic approaches for peripheral and central neuropathic pain. Behav Neu-
rol 2019, 2019, 8685954. doi: 10.1155/2019/8685954.



Balneo and PRM Research Journal 2026, 17, 2 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Schlereth, T. Guideline "diagnosis and non interventional therapy of neuropathic pain" of the German Society of Neu-
rology (deutsche Gesellschaft fiir Neurologie). Neurol Res Pract 2020, 2, 16. doi: 10.1186/s42466-020-00063-3.

Bernetti, A.; Agostini, F.; de Sire, A.; Mangone, M.; Tognolo, L.; Di Cesare, A.; Ruiu, P.; Paolucci, T.; Invernizzi, M.;
Paoloni, M. Neuropathic pain and rehabilitation: a systematic review of international guidelines. Diagnostics (Basel)
2021, 11(1), 74. doi: 10.3390/diagnostics11010074.

Ciurba Pastor, A.P.; Haidu, L; Sirbu, E.; Gavril, G.A.; Marcu, F.; Motofelea, A.C.; Boca, I.C.; Ianc, D. The impact of
mineral water balneotherapy on pain and physical function in patients with knee osteoarthritis: a pilot study. Balneo
PRM Res J 2023, 14(4), 597. doi: 10.12680/balneo.2023.597.

Cheleschi, S.; Gallo, I; Tenti, S. A comprehensive analysis to understand the mechanism of action of balneotherapy:
why, how, and where they can be used? Evidence from in vitro studies performed on human and animal samples. Int
J Biometeorol 2020, 64(7), 1247-1261. doi: 10.1007/s00484-020-01890-4.

Ma, T.; Song, X.; Ma, Y.; Hu, H.; Bai, H.; Li, Y.; Gao, L. The effect of thermal mineral waters on pain relief, physical
function and quality of life in patients with osteoarthritis: A systematic review and meta-analysis. Medicine (Baltimore)
2021, 100(4), e24488. doi: 10.1097/MD.0000000000024488.

Fraioli, A.; Mennuni, G.; Petraccia, L.; Fontana, M.; Nocchi, S.; Grassi, M. Sulphate-bicarbonate mineral waters in the
treat-ment of biliary and digestive tract diseases. Clin Ter 2010, 161(2), 163-168.

Tamaoki, S.; Matsumoto, S.; Sasa, N.; Hoei, T.; Tojo, R.; Nakamura, T.; Aoyagi, Y. Effects of sodium bicarbonate bath on
the quality of sleep: An assessor-blinded, randomized, controlled, pilot clinical trial. Complement Ther Clin Pract 2023,
50, 101714. doi: 10.1016/j.ctcp.2022.101714

Perez, A.; Mckay, C. Halogens (Bromine, iodine, and chlorine compounds). In Elsevier eBooks; Elsevier: Amsterdam,
Neth-erlands, 2007; pp. 1385-1397. d0i:10.1016/b978-0-7216-0693-4.50101-8

DeLong, G.R.; Stanbury, ].B.; Fierro-Benitez, R. Neurological signs in congenital iodine-deficiency disorder (endemic
cretin-ism). Dev Med Child Neurol 1985, 27(3), 317-324. d0i:10.1111/j.1469-8749.1985.tb04542.x

Mooventhan, A.; Nivethitha, L. Scientific evidence-based effects of hydrotherapy on various systems of the body. North
Am J Med Sci 2014, 6(5), 199-209. doi: 10.4103/1947-2714.132935.

Zivi, .; Maffia, S.; Ferrari, V.; Zarucchi, A.; Molatore, K.; Maestri, R.; Frazzitta, G. Effectiveness of aquatic versus land
physi-otherapy in the treatment of peripheral neuropathies: a randomized controlled trial. Clin Rehabil 2018, 32(5), 663-
670. doi: 10.1177/0269215517746716.

Galvez, I; Torres-Piles, S.; Ortega-Rincoén, E. Balneotherapy, immune system, and stress response: a hormetic strategy?
Int J Mol Sci 2018, 19(6), 1687. d0i:10.3390/ijms19061687.

Mennuni, G.; Fontana, M.; Perricone, C.; Nocchi, S.; Rosso, R.; Ceccarelli, F.; Fraioli, A. A meta-analysis of the effective-
ness of mud-bath therapy on knee osteoarthritis. Clin Ter 2021, 172(4), 372-387. doi: 10.7417/CT.2021.2343.

Fraioli, A.; Mennuni, G.; Fontana, M.; Nocchi, S.; Ceccarelli, F.; Perricone, C.; Serio, A. Efficacy of spa therapy, mud-
pack therapy, balneotherapy, and mud-bath therapy in the management of knee osteoarthritis: a systematic review.
Biomed Res Int 2018, 2018, 1042576. doi: 10.1155/2018/1042576.

Szendi, K.; Lohner, S.; Szenczi, A.; Muranyi, E.; Berényi, K.; Németh, B. Challenges of blinding in clinical balneology
trials: a scoping review. BMC Complement Med Ther 2025, 25, 132. doi: 10.1186/s12906-025-04878-y.

Barassi, G.; Obrero-Gaitan, E.; Irace, G.; Crudeli, M.; Campobasso, G.; Palano, F.; Trivisano, L.; Piazzolla, V. Integrated
Thermal Rehabilitation: A New Therapeutic Approach for Disabilities. Adv Exp Med Biol 2020, 1251, 29-38. doi:
10.1007/5584_2019_465.

Munteanu, C.; Rotariu, M.; Dogaru, G.; Ionescu, E.V.; Ciobanu, V.; Onose, G. Mud therapy and rehabilitation —scientific
relevance in the last six years (2015-2020): systematic literature review and meta-analysis based on the PRISMA para-
digm. Balneo PRM Res ] 2021, 12(1), 1-15. doi: 10.12680/BALNEO.2021.411.

Vakilinia, S.R.; Vaghasloo, M.A.; Aliasl, F.; Mohammadbeigi, A.; Bitarafan, B.; Etripoor, G.; Asghari, M. Evaluation of
the efficacy of warm salt water foot-bath on patients with painful diabetic peripheral neuropathy: A randomized clinical
trial. Complement Ther Med 2020, 49, 102325. doi: 10.1016/j.ctim.2020.102325.

Kehler, E.; Dalgas, U.; Buhl, C.S.; Brincks, J. Content and effects of balance training in people with diabetic peripheral
neu-ropathy: a systematic review and meta-analysis. Physiother Theory Pract 2025, 41(5), 1083-1094.
doi:10.1080/09593985.2024.2391823.

Bouwstra, H.; Smit, E.B.; Wattel, E.M.; van der Wouden, ].C.; Hertogh, CM.P.M; Terluin, B.; Terwee, C.B. Measurement
properties of the Barthel Index in geriatric rehabilitation. ] Am Med Dir Assoc. 2019, 20(4), 420-425.
doi:10.1016/j.jamda.2018.09.033.

van der Putten, ].J.; Hobart, J.C.; Freeman, J.A.; Thompson, A.]. Measuring change in disability after inpatient rehabili-
tation: comparison of the responsiveness of the Barthel Index and the Functional Independence Measure. ] Neurol Neu-
rosurg Psychi-atry 1999, 66(4), 480-484. doi:10.1136/jnnp.66.4.480.

Liu, CJ.; Chang, W.P.; Chang, M.C. Occupational therapy interventions to improve activities of daily living for com-
muni-ty-dwelling older adults: A systematic review. Am J Occup Ther 2018, 72(4), 7204190060p1-7204190060p11.
doi:10.5014/ajot.2018.031252



Balneo and PRM Research Journal 2026, 17, 2 13 of 13

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Dogaru, G.; Ciubean, A.D.; Marinescu, L.; Pop, B.M.; Pasca, G.S.; Ciumarnean, L. The effectiveness of balneotherapy on
pain, walking, and function in patients with diabetic neuropathy: a prospective observational study. Int ] Biometeorol
2025, 69(2), 319-329. doi: 10.1007/s00484-024-02808-0.

Antonelli, M.; Donelli, D.; Veronesi, L.; Vitale, M.; Pasquarella, C. Clinical efficacy of medical hydrology: an umbrella
review. Int J Biometeorol 2021, 65(10), 1597-1614. doi:10.1007/s00484-021-02133-w.

Barassi, G.; Bellomo, R.G.; Porreca, A.; Giannuzzo, G.; Irace, G.; Trivisano, L.; Saggini, R. Rehabilitation of Neuromotor
Disabilities in Aquatic Microgravity Environment. Adv Exp Med Biol 2019, 1113, 61-73. doi:10.1007/5584_2018_164.
PMID: 29488206.

Maraver, F.; Armijo, F.; Fernandez-Toran, M.A.; Armijo, O.; Ejeda, ] M.; Vazquez, I.; Corvillo, L; Torres-Piles, S. Peloids
as Thermotherapeutic Agents. Int ] Environ Res Public Health 2021, 18(4), 1965. doi:10.3390/ijerph18041965.
Hernandez-Secorun, M.; Vidal-Peracho, C.; Marquez-Gonzalvo, S.; Corral-de-Toro, J.; Miiller-Thyssen-Uriarte, J.; Ro-
driguez-Sanz, J.; Lucha-Lopez, M.O.; Tricas-Moreno, ].M.; Hidalgo-Garcia, C. Exercise and manual therapy for diabetic
peripheral neuropathy: a systematic review. Appl Sci 2021, 11(12), 5665. d0i:10.3390/app11125665.

Coraci, D.; Romano, M.; Ragazzo, L.; Restivo, D.A.; Cipriani, M.; Gottardello, F.; Pizzolato, M.; Maccarone, M.C.; Masi-
ero, S. Rehabilitation of Peripheral Neuropathies: From Lexical Analysis of the Literature to Identification of Clinical
Protocols. ] Clin Med 2023, 12(18), 5879. D0i:10.3390/jcm12185879.

Gentile, F.; Bertini, A.; Priori, A.; Bocci, T. Movement disorders and neuropathies: overlaps and mimics in clinical prac-
tice. ] Neurol 2022, 269(9), 4646-4662. doi:10.1007/s00415-022-11200-0.

Dandinoglu, T.; Kaya, E. Effectiveness of balneotherapy in neuropathic complaints; fact or myth?. Int ] Biometeorol
2025, 69(7), 1781-1782.

Ji, RR; Nackley, A.; Huh, Y.; Terrando, N.; Maixner, W. Neuroinflammation and central sensitization in chronic and
wide-spread pain. Anesthesiology 2018, 129(2), 343-366. d0i:10.1097/ALN.0000000000002130.

Kollmer, J.: Bendszus, M. Magnetic resonance neurography: improved diagnosis of peripheral neuropathies. Neuro-
therapeutics 2021, 18(4), 2368-2383. doi:10.1007/s13311-021-01166-8.

Abolkhair, A.B.; El-Kabbani, A.O.; Al-Mulhem, A.; AlFattani, A.A.; Al-Hammadi, A.; Alghamdi, H.; Haddarra, M.; Al-
raffa, A.; Kamal, A.S.; Alsaigh, R.N.; Mubarak, M.M.; Terkawi, A.S. Psychometric and accuracy comparison of three
commonly used questionnaires for the diagnosis of neuropathic pain. Saudi ] Anaesth 2021, 15(4), 409-418.
doi:10.4103/sja.sja_352_21.

Lefaucheur, J. P. The intrinsic reason why LANSS, DN4, and PainDETECT questionnaires cannot distinguish neuro-
pathic pain from nociplastic pain. Front Pain Res 2025, 6, 1658126. doi:10.3389/fpain.2025.1658126.

Madani, S.P.; Abdolmaleki, K.; Ahadji, T.; Mansoori, K.; Raissi, G.R. Neuropathic pain symptom inventory (NPSI) ques-
tionnaire-Persian version can differentiate neuropathic from non-neuropathic pain. Pain Manag Nurs 2023, 24(1), 96-
101. d0i:10.1016/j.pmn.2022.07.005.

Campbell, G.; Skubic, M.A. Balance and Gait Impairment: Sensor-based assessment for patients with peripheral neu-
ropathy. Clin ] Oncol Nurs 2018, 22(3). doi:10.1188/18.CJON.316-325.

De Sanctis, V.; Soliman, A.T.; Daar, S.; Tzoulis, P.; Fiscina, B.; Kattamis, C. Retrospective observational studies: Lights
and shadows for medical writers. Acta Bio Medica Atenei Parm 2022, 93, €2022319. do0i:10.23750/abm.v93i5.13179.
Haanpaa, M., Attal, N., Backonja, M., Baron, R., Bennett, M., Bouhassira, D., Cruccu, G.; Hansson, P.; Haythornthwaite,
J.A.; Tannetti, G.D.; Jensen, T.S.; Kauppila, T.; Nurmikko, T.J.; Rice, A.S.C.; Rowbotham, M.; Serra, J.; Sommer, C.; Smith,
B.H.; Treede, R. D. NeuPSIG guidelines on neuropathic pain assessment. PAIN® 2011, 152(1), 14-27.
doi:10.1016/j.pain.2010.07.031.

Barbosa, L.M.; Valerio, F.; da Silva, V.A.; de Lima Rodrigues, A.L.; Galhardoni, R.; Yeng, L.T.; Junior, J.R.; Conforto,
A.B.; Lucato, L.T.; Teixeira, M.].; de Andrade, D.C. Corticomotor excitability is altered in central neuropathic pain
compared with non-neuropathic pain or pain-free patients. Neurophysiol Clin 2023, 53(3), 102845. doi:10.1016/j.neu-
li.2023.102845.

Barassi, G.; Panunzio, M.; Prosperi, L.; Marinucci, C.; Moccia, A.; Fratta, D.P.; Cristinziano, F.; Della Rovere, M.P.; Gal-
lenga, P. E. Balneotherapy and Manual Therapy of Key Myofascial Trigger Points as Therapeutic Integration for COPD
Associated with Myofascial Pain Syndrome: A Case Series. Healthcare 2026, 14(6), 788. d0i:10.3390/healthcare14060788
Choi, H.; Cho, 1.Y.; Hong, Y. The Effect of Contrast Therapy in Exercise Recovery: A Meta-Analytical Approach. Int J
Disabil Sports Health Sci 2024, 7(3), 686-700. doi:10..33438/ijdshs.1442968



