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Abstract
Background: Neuropathic pain (NP) is one of the most frequent spinal cord injury (SCI) complications. Pain, quality of life,
and functionality are associated and can lead to pain catastrophization. Pharmacological management of patients with NP secondary
to SCI is widely known and there is increasing evidence in the area. Nevertheless, nonpharmacological management is not fully
elucidated since its efficacy is inconclusive.
Objective: We hypothesize that (1) hydrotherapy is effective in reducing NP secondary to SCI. Additionally, our secondary
hypotheses are that (2) hydrotherapy decreases the catastrophization of NP, and that (3) hydrotherapy improves life quality and
minimizes the degree of disability, when compared to physical therapy.
Methods: A sample of approximately 20 participants will be randomly assigned to either the intervention (hydrotherapy) or
control group (standard physical therapy). Both interventions will be administered twice a week over a 9-week period (18 sessions
in total). Primary outcomes are changes in neuropathic pain perception and pain catastrophization. Secondary outcomes are
changes in disability and quality of life scores. They will be assessed at baseline and follow-up at 4 weeks after discharge. Validated
Spanish language scales that will be used are the following: Numerical Pain Rating Scale, Pain Catastrophization, Health-related
Quality of life, and the World Health Organization’s Disability Assessment Schedule 2.0. Generalized mixed linear models will
be used for comparing baseline and postintervention means of each group and their differences, together with 95% CIs and P
values. A P value of less than .05 will be considered significant.
Results: Recruitment began in April 2019, and we recruited the last participants by December 2019, with 10 individuals assigned
to hydrotherapy and 8 to physical therapy (control). Results from this study will be disseminated via scientific publication, in
ClinicalTrials.gov, and in national and international conferences in the latter half of 2022.
Conclusions: This trial will explore the effects of hydrotherapy on neuropathic pain, together with functionality and quality of
life, in patients with SCI. Furthermore, this study aims to evaluate these therapeutic modalities, including perception variables,
and mental processes, which may affect the clinical condition and rehabilitation outcomes in these patients. Hydrotherapy is
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likely to be a safe, efficient, and cost-effective alternative to the current standard of care for NP secondary to SCI, with comparable
results between the two.
Trial Registration: ClinicalTrials.gov NCT04164810; https://clinicaltrials.gov/ct2/show/NCT04164810
International Registered Report Identifier (IRRID): DERR1-10.2196/37255
(JMIR Res Protoc 2022;11(4):e37255) doi: 10.2196/37255
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Introduction
Background
Neuropathic pain (NP) is one of the most frequent spinal cord
injury (SCI) complications, with the most negative impact on
quality of life [1]. Patients with NP show significant differences
in quality of life when compared to those without it [2]. The
prevalence of NP secondary to SCI varies depending on the
population characteristics, chronicity of the lesion, and the
criteria of defining it. In a meta-analysis, the prevalence of NP
in patients SCI was 53% (95% CI 38.58-67.47) [3], with a
prevalence of 47.8% being observed in Cali, Colombia [4-6].
Pain, quality of life, and functionality are proven to be
associated, and patients with secondary NP to SCI are affected
in these areas [7,8], thus limiting participation in daily activities
and self-care. Chronic pain has an effect on emotional state, as
well as cognition, in regard to pain anticipation, which can
further lead to catastrophization.
The term “pain catastrophization” is of a recent use, consisting
of three components: rumination (putting excessive focus on
the painful sensation), magnification (exaggerating the damage),
and perception of inability to control the symptom [9]. Different
strategies have been proposed to alleviate the complications of
SCI [10-12]. The pharmacological management of patients with
NP secondary to SCI is widely known, and there is increasing
evidence of anticonvulsant and antidepressant use for its
management [13,14]. Nevertheless, the nonpharmacological
management is not fully elucidated since the efficacy is
inconclusive. Previous studies reported interventions such as
transcranial electrical stimulation, acupuncture, and
transcutaneous electrical nerve stimulation [15,16], which
improved NP in patients with SCI; however, more evidence on
other nonpharmacological interventions is needed.
The physiological mechanisms of hydrotherapy on pain are well
established [17,18], and there is evidence of its use in the
management of painful syndromes such as fibromyalgia and
chronic lower back pain [19-21]. In patients with multiple
sclerosis, it has been found that hydrotherapy improves quality
of life [22]; this also holds true for patients with mild Parkinson
disease, where hydrotherapy had improvements on functional
mobility [23,24]. Additionally, there have been registered
improvements in active neck mobility in cases of cervical
dystonia [25] and in postural balance of patients with stroke
[26,27]. The effects of hydrotherapy in patients with NP
secondary to SCI are currently unknown.
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Primary and Secondary Objectives
The main study hypothesis is that (1) hydrotherapy is effective
in reducing NP in patients with SCI. Additionally, our secondary
hypotheses are that (2) hydrotherapy decreases the
catastrophization of neuropathic pain, and that (3) hydrotherapy
improves life quality and minimizes the degree of disability,
when compared to the other physical therapy techniques.

Methods
Trial Design
We will carry out a single-masked pilot trial of parallel groups
in usual clinical practice conditions, with an allocation ratio of
1:1 (SPIRIT checklist in Multimedia Appendix 1 and the World
Health Organization’s Trial Registration Data Set in Multimedia
Appendix 2).

Participants
Participants will be recruited in two strategies: the first one
involves screening eligible people in the SCI clinic in a
prospective manner among those with appointments, and the
second one involves calling participants in a follow-up call from
the spinal cord service to check for their eligibility (Multimedia
Appendix 3). Those eligible to participate in the study are
patients who have a confirmed diagnosis of NP secondary to
trauma in accordance with the International Spinal Cord Injury
Pain classification [28], based on their clinical evaluation and
physical examination, and those who meet the following criteria:
≥18 years of age, Douleur Neuropathique-4 (DN-4) score of ≥4
[29], and level of injury below C3. Exclusion criteria are as
follows: active pressure ulcers, grade E of the American Spinal
Cord Injury Association (ASIA) classification [28], cognitive
impairment, ostomies, permanent bladder catheter, signs of
systemic inflammatory response or urinary symptoms, major
surgery in the past 2 months, noncontrolled hypertension
(defined as a systolic blood pressure of >185 mm Hg or a
diastolic blood pressure of >110 mm Hg refractory to treatment),
active dyspeptic ulcer, severe liver fibrosis or portal
hypertension, acute pericarditis or pancreatitis, known renal
failure or requirement of hemodialysis or peritoneal dialysis,
in-hospital stroke, and current participation in another clinical
trial.

Medical Assessment
The evaluation will begin with sociodemographic questions and
presence of complications secondary to the SCI (participant
questionnaire in Multimedia Appendix 4). In addition, the
checklist of exclusion criteria for participation in the study will
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be verified (checklist of inclusion and exclusion criteria in
Multimedia Appendix 5). In this initial evaluation, first
measurement (baseline) will be performed. The medical
examination will last 20 minutes and will be performed by a
resident of the physical medicine and rehabilitation program.
Once the medical evaluation is finished, the participants will
be randomized into the control or intervention groups.

Randomization
Participants will be assigned to one of the 2 groups by means
of random blocks of 4, constructed with all possible
combinations of the order of assignment based on random
numbers (randomization protocol in Multimedia Appendix 6).
The randomization list will remain with the coordinator for the
whole duration of the study. Thus, randomization will be
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conducted without any influence of the principal investigators,
interviewers, clinical evaluators, or therapists. The data analyst
will be masked of participants’ allocation.

Assignment of Interventions
The groups compared in this study are the intervention
(hydrotherapy) and control (standard physical therapy) groups.
This control group was chosen as the current standard of care
for nonpharmacological management of NP in SCI is physical
therapy [30-32].
Participants will be assessed as follows: at the beginning of the
intervention (baseline; Time 1) and at the end of the intervention
(4 weeks after discharge; Time 2). Table 1 describes the
schedule with procedures and the assessments scales in the trial
timeline.

Table 1. Schedule of enrollment and assessments.
Time point (T)

T1: baseline (week 0)

T2: follow-up (week 4)

Enrollment
Project information: written or oral communication

✓

Written informed consent

✓

Eligibility assessment

✓

Randomization

✓

Assessment
✓

Douleur Neuropathique-4 items
Primary outcomes
Pain catastrophization Scale

✓

✓

Numerical Pain Rating Scale

✓

✓

Quality Short-Form Health Survey 36

✓

✓

World Health Organization Disability Assessment Schedule 2.0

✓

✓

Secondary outcomes

Interventions
Participants in both groups will receive treatments twice a week
for 9 weeks, resulting in a total of 18 sessions. Each session
will last 1 hour. A 9-week period of interventions is considered
because antidepressant and anticonvulsant drugs, which act on
the intensity of neuropathic pain, cause effects after 3 weeks of
administration. Since the pathophysiological mechanisms of
interventions are similar [33], we are expecting to see initial
effects only after this period. Additionally, previous studies
with hydrotherapy and physical therapy also provided
interventions in a 4-8–week period [34,35]. The second
assessment has been scheduled 4 weeks after discharge since
that time frame has proven as an adequate threshold for
evaluating short-term training program efficacy in patients with
SPI [30]. Participants will be scheduled for the therapy sessions
and will be followed-up by a research coordinator who will
remind the participants about their appointments.
The department of physical medicine and rehabilitation has 3
physical therapists specialized in hydrotherapy under different
modalities, and a pool equipped to perform this type of
intervention. The most commonly used techniques in the
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institution are Bad Ragaz [36] for motor control and the Watsu
technique [37] for relaxation and spasticity management. The
standard physical therapy protocol and the hydrotherapy protocol
were reviewed by a panel of therapists and researchers. These
protocols include technical and clinical adjustments to
standardize therapeutic objectives of the interventions (standard
physical therapy protocol in Multimedia Appendix 7 and the
hydrotherapy protocol in Multimedia Appendix 8). Participants
in any group can receive alternative treatments including
medications for pain and physical therapy. They will inform
researchers through the surveys and measurements of the study,
so that the effects of those extra interventions in the analysis
can be accounted for. Interventions will be discontinued if the
participant requests it or owing to the appearance of exclusion
criteria or severe adverse events (adverse event report form in
Multimedia Appendix 9).

Follow-up
After assignment to the intervention or control group, it is
possible that participants voluntarily leave the study, withdraw
owing to medical indications, are lost during follow-up, or
deviate from the protocol. These will be defined in accordance
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with the CONSORT statement and will be recorded in a specific
format for follow-up (form: causes of withdrawal in Multimedia
Appendix 10) [38]. Participants who withdraw from the
interventions will be invited to answer the follow-up
questionnaire at least three times via phone call.

Data Collection
To identify the presence of neuropathic pain, the DN-4 will be
used [29], which consists of ten items: 7 related to pain
characteristics through an interview and the other 3 items
through a clinical examination. This questionnaire, which is
validated in Spanish [39], consists of descriptions and pain
signs, which are evaluated dichotomously (Yes/No) in order to
identify patients who have a high probability of having NP. The
scores of the individual items are added together to obtain a
maximum total score of 10, with a cut-off point of ≥4
(participant questionnaire in Multimedia Appendix 4).
Primary outcomes will be assessed with the Pain
Catastrophization Scale (PCS) [40], the Numerical Pain Rating
Scale (NPRS) [41,42], and the ASIA impairment scale [43].
The PCS is an instrument validated in Spanish for pathologies
such as fibromyalgia, amputees, and patients with NP following
SCI [44,45]. It inquiries about the thoughts and feelings that
arise in the presence of physical pain caused by diseases,
wounds, surgeries, etc. This scale has 13 items rated on a Likert
scale from 0 to 4 (0=nothing at all, 1=a little, 2=moderately,
3=a lot, and 4=all time) [40,46,47]. The NPRS is a scale used
in various clinical settings for multiple health conditions and
measures pain intensity subjectively through a rating of 0 to 10,
where 0 indicates no pain and 10 indicates the worst pain ever
experienced [41,42,48]. The ASIA impairment scale is used as
a universal classification tool for SCI, determining the level of
sensory and motor impairment on each side of the body, single
neurological level of injury, and whether the injury is complete.
It will be used to quantitate sensory testing, limited by the point
upon which the level and nature of SCI are present [43].
Secondary outcomes will be assessed with the Spanish version
of the Quality Short-Form Health Survey, a generic scale
evaluated in numerous studies [49]. This scale assesses
health-related quality of life, and has been used in patients with
SCIs, among other health conditions [2,50,51]. It has 36 items
distributed in subscales of physical functioning, physical role,
body pain, general health, vitality, social function, emotional
role, and mental health. It contains Likert-type and dichotomous
(Yes/No) questions with a minimum score of 0 and maximum
of 100. Similarly, disability will be assessed using the World
Health Organization’s Disability Assessment Schedule 2.0
questionnaire, which inquiries about difficulties that the
individual has owing to a particular health condition [52]. For
this study, the 12-item version will be used, which is composed
up of a Likert scale ranging from 1=“no difficulty” to
5=“extreme difficulty” or “cannot do it.” The scores will be
averaged for analysis [52]. In addition, sociodemographic and
clinical questions will be asked for the adjustment of the analysis
in a general information format (participant questionnaire in
Multimedia Appendix 4). There will not be a run-in or washout
period.

https://www.researchprotocols.org/2022/4/e37255

XSL• FO
RenderX

Campo et al

Data Management, Monitoring, and Auditing
The Steering Committee (SC) is formed by the team of
researchers and presided by the principal investigator. It will
meet on weekly basis to analyze the therapists’ clinical notes,
which will be recorded after each session of therapy from both
groups in order to verify participants’ attendance, their
adaptation to therapy, adverse effects, contraindications, and
clinical evolution. The follow-up survey (exit survey) will be
scheduled 4 weeks after the end of the therapies in both groups.
Participants will be assessed twice: in a baseline survey, and in
a follow-up survey at the end of the interventions. To identify
the survey as baseline or follow-up, the numbers “_0” or “_1”
will be used at the end of the code of each survey to indicate
the type of measurement. This database will be managed in
accordance with the rules of security and confidentiality of the
information, which govern the health care institution and
Universidad del Valle. Any serious adverse event will be
assessed and classified by the Data Safety Monitoring
Committee. The trial will be ended using a P value of <.001 as
a stop boundary. There will not be any interim analysis.

Ethics Approval
The study is endorsed by the Department of Physical Medicine
and Rehabilitation, Hospital Universitario del Valle, Cali,
Colombia. It was approved by the institutional review board of
Universidad del Valle and Hospital Universitario del Valle
(Internal Code 143-018/research ethics approval act 011-018).
Additionally, the research complies with ethical standards of
the Declaration of Helsinki; and in Colombia, it complies with
the Ministry of Health resolution number 8430 of 1993. Since
this study is considered to have “greater than minimum risk,”
as it is a pilot trial where clinical interventions are conducted,
there is, among other things, a risk of falls when entering and
leaving the pool or a presence of fungal skin infections due to
moisture. Before starting the medical evaluation, written
informed consent for the study will be presented to participants
by trained interviewers. These interviewers are not part of the
medical assessment or randomization. Participants who agree
to participate will sign the consent form, together with the
required signatures of two witnesses (informed consent in
Multimedia Appendix 11). Patient identities will be kept
confidential, and an alphanumeric code will be used to identify
each patient without enabling the distribution of personal data.
The information that will be obtained in this study will be kept
confidential, its use will be exclusive to the researchers, and
disaggregated data will not be presented or used in a particular
way that may lead to disclosure of confidential information,
violation of any of the participants’ rights, or to the participants
feeling stigmatized or discriminated against.

Availability of Data and Material
Data cannot be made publicly available since that would
compromise confidentiality and might reveal the identity or
location of participants. Additionally, public availability of data
would be in violation of the Colombian Law 1581 of 2012 and
the Regulatory Act 1377 of 2013 and Article 15 of the
Colombian Constitution for treatment and protection of personal
data. The SC could consider those requests once the data are
fully collected, and identifiers have been destroyed with
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approval of the institutional review board of the participating
institutions. There are no contractual agreements that limit
investigators’ access to data.

Statistical Analysis
Sample Size and Power Calculation
In order to demonstrate recruitment feasibility, 20 participants
will be enrolled (10 per group) in accordance with sample size
recommendations for pilot studies [53]. As this is a pilot study,
power calculations were not performed.

Descriptive Analysis
The categorical variables will be described in terms of frequency
and percentage, and for hypothesis testing, chi-square test or
the Fisher exact test will be used. Quantitative variables will be
described with measures of central tendency and dispersion,
and hypothesis tests based on the type of variables to be
analyzed as well as the assumptions of each test.

Effectiveness of the Intervention
Treatment effects will be derived using longitudinal modeling
of within-person change in mean scores of the scales and
subscales’ scores from baseline to follow-up. Baseline
characteristics of participants in both groups will be compared
using the chi-square or 2-tailed Fisher exact test for categorical
variables, and the Student t test or Wilcoxon test for continuous
variables, after assessing the tests’ assumptions. Statistical
significance will be set at a 2-tailed α of .05, expressed as a
95% CI.

Campo et al

Analysis of Outcomes
An intent-to-treat analysis, which will include all study
participants based on participants’ arm allocation will be used.
A random effects model will be used to estimate the effect of
hydrotherapy by including time points (0 = baseline, 1 =
follow-up) and participant ID as random effects to account for
within-person correlation across time and between-person
correlation. Participants lost to follow-up will be handled using
single imputation procedures on the basis of the amount of
missing and their distribution.

Results
The first patient was enrolled in the study on March 30, 2019.
The project timeline was changed owing to the COVID-19
pandemic and therefore delayed. Recruitment began in April
2019 and we recruited the final participants by December 2019.
Figure 1 shows the flow diagram of the study. Participants were
selected from the database of patients registered at the Spinal
Trauma Clinic, Physical Medicine and Rehabilitation Unit of
a Specialized Trauma Center [54]. We have collected
information from 18 participants, including 10 in the
hydrotherapy group and 8 in the physical therapy group. Results
from the study will be disseminated via scientific publication,
in ClinicalTrials.gov, and in national and international
conferences in the second part of 2022. Authorship will be
defined on the basis of the International Committee of Medical
Journal Editors’ criteria for authorship. The authors do not have
publication restrictions and will not use professional writers
when reporting the results.

Figure 1. Flow of the study.
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Discussion
Expected Findings
The expected main findings of this study are as follows: (1)
effects on minimizing disability and improving quality of life
between current standard and novel hydrotherapeutic approach
are comparable; (2) hydrotherapy is a safe, efficient, and
effective alternative to the current management of NP secondary
to SCI; (3) given a choice, patients are more likely to choose
hydrotherapy rather than the current standard of care if both
options are presented to them. To our best knowledge, this is
the first trial that proposes to evaluate the effects of
hydrotherapy in the NP reduction in Latin America.
The purpose of rehabilitation is to maximize patients’ daily
functional independence through a goal-oriented treatment [55].
Heterogenous results from previous hydrotherapeutic studies
on patients with diabetic or other metabolic neuropathies do not
allow for definitive conclusions [56]. Conversely, the
hydrotherapeutic approach for patients with peripheral
neuropathies has yielded positive results on gait and balance,
which, besides pain, are the most commonly presented
symptoms in our patient cohort [6,57].
The presence of a control group is necessary, since there are no
currently available nonpharmacological treatments with evidence
for NP management in patients with SCI. The pilot trial design
with parallel groups aims to provide preliminary evidence on
the clinical efficacy of hydrotherapy on NP secondary to SCI,
with a single-masked study design being performed in order to
alleviate bias. Consideration of a DN-4 score of ≥4 out of 10
for the identification of NP and mixed pain syndromes [39]
ensures adequate screening in our trial population. This
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questionnaire has been suggested for epidemiological studies,
where accurate identification of NP symptoms is also crucial
to test in order improve therapeutic approaches.
Assessment of an alternative treatment to pharmacological
management of neuropathic pain is reasonable, considering
preclinical evidence on neuroendocrine changes facilitated by
aquatic treatment, at the level of encephalin, corticotropins,
endorphins, and prolactin, who are responsible for conduction
of pain stimuli [58]. Accordingly, it may improve the prognosis
of pain and its catastrophization [9,59]. Furthermore, this study
will explore the evaluation of these therapeutic modalities,
including variables related to perception and mental processes,
which may affect the clinical condition and rehabilitation
outcomes of these patients [46].

Limitations
This study has some limitations. Given the single-center design
of our study, the generalizability of our results will be limited.
Even though we have accounted for patients lost to follow-up,
true percentages might be higher than expected, therefore
skewing our findings. Despite the advantages of a single-masked
trial design, double-masked trials are prone to less pitfalls [60].

Conclusions
Hydrotherapy is likely to be a safe, efficient, and cost-effective
alternative to the current standard of care for NP secondary to
SCI, with comparable results between the two.
Since this is a pilot trial, randomized controlled trials with
calculated power levels and sample sizes will be warranted in
order to provide conclusive answers on noninferiority or
superiority of the proposed treatment effect.
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