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Abstract: Background/Objectives: Radiculopathy leads to pain, consequently reducing patient’s
quality of life (QoL). Research indicates that certain nucleotides, such as cytidine and uridine,
along with vitamins B1 and B12, may help alleviate pain and enhance QoL. This study assessed
the impact of adding a supplement containing cytidine and uridine nucleotides and vitamins B1
and B12, alongside standard treatment, on radiculopathy-associated pain. Methods: A multicen-
ter, prospective, two-cohort, randomized, open-label study was conducted. The control group
received standard treatment, while the experimental group received standard treatment plus the
supplement. The primary endpoint was pain reduction measured by a Visual Analog Scale (VAS).
Secondary endpoints included functional improvement (Roland Morris questionnaire), clinical im-
provement (Clinical Global Impression [CGI] scale), and QoL improvement (EQ-5D-5L questionnaire).
Results: A total of 122 patients were included from 17 centers across Spain. Both groups showed
pain improvement, but the VAS reduction (control: 24.58 vs. experimental: 31.35) was not statistically
significant. The Roland Morris score decreased significantly in the experimental group (estimate:
−1.70, 95% CI −3.29 to −0.10; p = 0.038), and these patients were 5 times more likely to progress
to a better CGI category (OR = 0.20, 95% CI 0.07 to 0.57; p = 0.003). No significant differences were
observed in EQ-5D-5L scores or analgesic consumption. Conclusions: The addition of supplemental
pyrimidine nucleotides and vitamins B1 and B12 to standard of care treatment improved radicu-
lopathy functional and clinical outcomes. Regarding pain, however, although there was a numerical
improvement, it did not reach statistical significance.
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1. Introduction

Radiculopathy is a pathological process in which the spinal nerve roots are affected
causing radicular pain that may occur along with other symptoms of decreased function.
These radicular symptoms are not necessarily caused by mechanical compression, as it has
been shown that they can also be produced by inflammatory reactions in adjacent structures,
such as nerves or muscles [1]. Cervical radiculopathy has an annual incidence rate of
107.3 per 100,000 for men and 63.5 per 100,000 for women, whereas lumbar radiculopathy
has a prevalence of approximately 3–5% of the population [2,3]. Additionally, up to two-
thirds of adults experience neck or low back pain during their lifetime, representing a
substantial clinical and socioeconomic burden [4]. Peripheral neuropathy, although distinct
from radiculopathy, shares similarities in that it involves injury to sensory or motor nerves,
but it occurs in the peripheral nervous system rather than at the nerve roots [5].

Schwann cells are glial cells responsible for producing the myelin sheaths that sur-
round the nerves, which are essential for the conduction of nerve signals. The pathophys-
iology of radiculopathies includes demyelination caused by lesions affecting Schwann
cells. Therefore, regenerating these cells after a nerve injury is critical to maintain the
myelin sheaths and address the neuropathy [6]. Successful repair processes in damaged
nerves associated with neuropathies include, among others, axonal growth and myelina-
tion [5]. Treatment with uridine has been shown to reduce apoptosis and oxidative stress
in experimental models of sciatic nerve injury, suggesting its potential in peripheral nerve
regeneration by promoting anti-apoptotic and antioxidant effects [7].

Cytidine and uridine are critical pyrimidine nucleotides that contribute to nerve
regeneration by supporting the synthesis of phospholipids and glycolipids, key compo-
nents of the myelin sheath and other nerve structures. Their participation stimulates
metabolic activity, facilitating the regeneration of the myelin sheath and the restoration of
nerve conduction and muscle trophism [8]. Additionally, cytidine and uridine play key
roles in mRNA synthesis, including the production of tubulin mRNA, which is critical
for supporting axonal growth and regeneration [9,10]. Following nerve injury, elevated
nucleotide levels become essential to sustain RNA synthesis, addressing the increased
demand for pyrimidine nucleotides required for efficient nerve repair [5]. Studies have
demonstrated that pyrimidine nucleotides administration enhances myelination and nerve
conduction in both in vitro and in vivo models, including significant improvements in
axonal and myelin thickness following nerve injury. For example, in rats with sciatic
nerve injury, daily intramuscular administration of uridine monophosphate (UMP) and
cytidine monophosphate (CMP) over 40 days resulted in improved conduction velocity
of afferent fibers. This treatment also enhanced both myelin area and thickness. By day
60, significant improvements were observed in fiber and axon areas, as well as in myelin
thickness, compared to untreated controls [11]. Furthermore, the addition of UTP and
CMP to human nerve cell cultures stimulated cell division and the synthesis of proteins
and lipids, processes essential for nerve fiber repair. Treated cells exhibited a significant
increase in galactocerebroside, the primary component of myelin, compared to untreated
cells. Additionally, other key myelin components, including sphingomyelin, phosphatidyl-
choline, and phosphatidylethanolamine, also showed increases, although these were not
statistically significant [12]. Therefore, exogenous pyrimidine nucleotides are associated
with increased cell growth rate, protein and lipid synthesis, thus favoring nerve repair.

In addition to pyrimidine nucleotides, vitamins B1 (thiamine) and B12 (cobalamin)
play essential roles in nerve repair and regeneration, further supporting the restoration
of myelin and neuronal function. These vitamins are essential for protecting nerves from
environmental damage and supporting the regeneration process following injury. Vitamin
B1 acts as an antioxidant, reducing oxidative stress and facilitating energy metabolism,
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while vitamin B12 promotes the maintenance and repair of myelin sheaths, supporting
neuronal survival and enhancing remyelination [13]. Their importance in nerve metabolism
is well-established, with deficiencies potentially leading to myelin sheath disintegration
and axonal damage in both the central and peripheral nervous systems [14]. In cases of
peripheral nerve injury, the presence of these vitamins supports the development of new
cell structures and promotes regeneration [13]. Notably, vitamin B12 has shown promise
in accelerating nerve regeneration processes compared to other B vitamins, particularly
by increasing myelin sheath thickness at 30- and 45-days post-injury [15]. However, it is
important to note that excessive levels of vitamin B6 can have neurotoxic effects, potentially
leading to peripheral neuropathy [16]. Therefore, without adequate levels of these vitamins,
there is an increased risk of permanent nerve degeneration, pain, and the development of
peripheral neuropathy [13].

Pyrimidine nucleotides and B vitamins play dual roles in both neural regeneration and
pain modulation. Purinergic P2 are G-protein-coupled receptors such as P2Y1 and P2Y2, are
activated by purine and pyrimidine nucleotides, influencing nociception by lowering the
activation threshold of transient receptor potential (TRP) channels [17]. Specifically, uridine
triphosphate (UTP) and uridine diphosphate (UDP) interact with P2Y receptors in neurons
and glial cells, exhibiting potential analgesic effects by inhibiting spinal pain transmission.
These purinergic receptors regulate intricate signaling pathways and molecular mechanisms
within the nervous system, contributing to the maintenance of physiological health and
mitigating disease progression. In fact, P2 receptor activation has shown potential analgesic
effects, reducing pain intensity in various conditions, such as diabetic neuropathy and
trauma-related injuries [18,19]. Activation of P2Y2 receptors in astrocytes also promotes cell
proliferation and migration [20]. This receptor-mediated response includes upregulation of
genes associated with neurotrophins, neuropeptides, growth factors, extracellular matrix
proteins, and fibronectin, all of which play crucial roles in neuroprotection and repair [21].
Furthermore, the combined administration of uridine and cytidine has demonstrated
significant efficacy in alleviating pain intensity across various conditions, including diabetic
neuropathy, lumbar and cervical pain, as well as trauma-induced compressive injuries [8,22].
Moreover, animal studies also suggest that combining certain B vitamins, such as B1 and
B12, may improve neuropathies, enhance motor control, and alleviate both nociceptive and
neuropathic pain [8,23].

Given their analgesic properties, the combination of nucleotides and vitamin B12
has been evaluated in patients experiencing pain associated with peripheral neuropathies,
compressive neuralgias, low back pain, and carpal tunnel syndrome. In these studies,
pain intensity was measured using aVAS, a tool in which patients rate their pain from 0
(no pain) to 10 (worst pain imaginable) [24–27]. The results show that this combination is
effective in reducing pain and, therefore, may reduce the need for other drugs that have
undesirable adverse effects which can worsen patient’s QoL. Furthermore, the combination
of nucleotides with vitamin B12 is suitable for long-term use, since it has a relatively low
profile of adverse effects, representing an alternative to other commonly used analgesics,
such as non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, or opioids whose
effectiveness and safety remain uncertain [28,29].

The purpose of this prospective, randomized study was to assess the response to
treatment with a combination of uridine, cytidine, vitamin B12, and vitamin B1, in addition
to standard of care treatment, in patients with painful radiculopathy at any location.

2. Materials and Methods
2.1. Study Design and Study Population

This study was a randomized, open-label, prospective, comparative, interventional
study with two cohorts: an experimental group, which received standard treatment plus
a combination of pyrimidine nucleotides and B12 and B1 vitamins, and a control group,
which received only standard treatment.
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Patients in the control group received standard treatment for painful radiculopathy
prescribed by their doctors, following standard clinical practice. Concomitant medications
categorized by ATC (Anatomical Therapeutic Chemical) Level, as well as baseline medica-
tion used in both groups, are summarized in Supplementary Tables S1 and S2. All patients
in the experimental treatment group received a standardized dose of the food supplement,
consisting of a daily tablet of food supplement containing 300 mg of uridine (pyrimidine
nucleotide), 100 mg of cytidine (nucleotide), 2,640 µg of thiamine nitrate (vitamin B12)
and 1,493 mg of cyanocobalamin (vitamin B1) in addition to the usual treatment. The
supplement dosages were adjusted in accordance with the recommended daily nucleotide
intake specified by the Spanish Agency for Food Safety and Nutrition (AESAN) in its 2012
report (AESAN-2012-008) [30]. The tablet was not to be crushed, but swallowed whole,
accompanied by any liquid, and preferably taken before meals. This supplement was not
commercially available in Spain and was provided by the sponsor.

Subjects were recruited over 29 months, with each participant attending three vis-
its during the study: before treatment, 4 ± 1 weeks after treatment initiation, and at
8 ± 1 weeks after treatment initiation.

Participant patients were randomized in a 1:1 ratio through the electronic case report
form according to a randomization list prepared by Clinscience Spain by means of a custom
function programmed in R statistical software [31] and stratified for opiates.

Participants in the study were of both genders, aged 18 to 85 years with painful
radiculopathy of any etiology at spinal level confirmed through imaging techniques during
the last 12 months. They also had to have upper neuropathic pain, in a pain VAS ≥ 60 mm
and pain evolution of less than 6 months. In patients with relapsing disease, the absence of
a previous episode in the last 6 months was needed. All subjects provided written informed
consent before any study procedure was performed.

Patients diagnosed with painful radiculopathy who were candidates for surgical
treatment or with any active bleeding or severe liver and/or kidney failure or acute
asthma or rhinitis or dyshematopoiesis or who were known to be intolerant to any of the
components of the food supplement were excluded.

2.2. Endpoints

The primary endpoint of the study was to assess the degree of pain improvement.
Secondary objectives included evaluating the functional improvement of the limbs affected
(movement, muscle strength and other neurological symptoms), the impact and improve-
ment of the patients’ QoL and the patient’s medication intake for painful radiculopathy
throughout the study according to the improvement or worsening of pain.

The VAS score, a vertical line of 100 mm with extreme expressions of a symptom at
each end (0 representing the lowest and 100 the highest intensity), was used to measure
the absolute change from baseline in pain intensity as described by the patient. To assess
the degree of physical disability caused by painful radiculopathy, the Roland Morris’s
scale [32] and Clinical Global Impression (CGI) scale were performed [33,34]. The Roland
Morris’s scale consists of 24 yes/no questions regarding daily activities, with one point
added for each positive response, and 0 points for each negative response. The worst
possible result is 24/24, and the best is 0/24 [32]. The CGI scale includes two subscales:
one assessing symptom severity (CGI-S) and another evaluating the improvement due to
treatment interventions (CGI-I). CGI-S was used at baseline and CGI-I scale at post-baseline
visits. Both subscales use an 8-point Likert scale: for CGI-S, from 0 (not assessed) to
7 (extremely sick), and for CGI-I, from 0 (not assessed) to 7 (much worse).

To assess patients’ QoL, the EQ-5D-5L questionnaire was used [35]. Patients assessed
their health status, first by rating severity across five dimensions: mobility, self-care, daily
life activities, pain/discomfort, and anxiety/depression (descriptive system) and then
through a VAS for a more general assessment, both at baseline and final visits. Additionally,
patients were asked to record changes in medication in a diary, noting the active ingredient,
frequency, and dose. For those participants who accepted to wear a Fitbit activity band,
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daily walked distance and sleep quality (total time of deep sleep, total time of light sleep,
total time of being awake after having slept at night) were recorded.

2.3. Statistical Methods

The protocol planned various statistical methods: descriptive analyses were conducted
for categorical variables to determine absolute and relative frequencies, while for continu-
ous variables, metrics such as mean, standard deviation, median, minimum, and maximum
were calculated. When using the VAS for pain, descriptive statistics were applied at base-
line and subsequent visits, alongside a Mixed Model for Repeated Measures (MMRM) to
compare pre- and post-experimental period pain assessments. Results from the Roland
Morris’s questionnaire and the CGI were analyzed using descriptive tables, mean calcula-
tion for the scores of Roland Morris’s questionnaire, and MMRM. For QoL evaluation with
the EQ-5D-5L questionnaire, frequency tables for each dimension and mean values on the
associated VAS were reported. Physical activity and sleep quality were assessed using data
from activity bands, including descriptive statistics and MMRM comparisons. Estimates of
treatment effects, including differences in mean scores between groups, were derived from
the MMRM model with corresponding two-sided 95% confidence intervals (CI).

Statistical tests were also conducted to assess potential differences in baseline charac-
teristics. Missing data were handled according to ICH-E9 and CPMP/EWP/1776899 Rev.1
guidelines [36]. For the primary endpoint, only available data were used, and missing
data were not imputed. For continuous variables, MMRM were robust to missing data
when missing at random (MAR). The Available Data Only (ADO) approach was used for
all other variables, and participants with missing post-baseline data were excluded from
the analysis for the respective variable.

No previous studies have used such high nucleotide doses. Assuming a mean dif-
ference of 10 mm in the VAS scale and a standard deviation of 17 mm based on prior
studies [37], a sample size of 112 patients was initially determined, accounting for a 15%
drop-out rate and a significance level of 5%. Additionally, an interim analysis was planned
at 50–70% data availability to recalculate the sample size, executed when 58.9% of initially
planned patients were recruited, and the result of the recalculation was 126 patients. In the
end, 127 patients were screened.

The analysis was performed with R statistical software [31], version 4.3.0, through
the integrated development environment [38], version 2023.03.1 “Cherry Blossom”, with a
significance level of p < 0.05 for all tests.

3. Results
3.1. Patient Disposition and Baseline Characteristics

Of the 127 patients screened, 122 met eligibility criteria and were randomized into
both arms. Fifty-nine patients were assigned to the control group, and 63 patients to the
experimental treatment group. For efficacy assessment, two analysis populations were
determined; All randomized patients with a baseline value for the primary endpoint
and at least one follow-up value constituted the modified intent-to-treat (mITT) group
(116 patients), on which the primary analysis for efficacy endpoints was performed. Ad-
ditionally, patients who met the selection criteria and had no major protocol deviations,
comprised the per protocol (PP) group (90 patients), which was included only in a sensi-
tive analysis for the primary endpoint to control the effects of protocol non-compliance
(Figure 1).

Demographic and baseline characteristics of the subjects are provided in Table 1. Statis-
tical tests confirmed that there were no significant differences between groups
(p > 0.05) at baseline in gender, race, age, BMI, pain according to the VAS, total scores
on the Roland Morris’ scale, or initial responses to the EQ-5D-5L questionnaire, indicating
that both groups were comparable. Although there was no safety evaluation in this study,
it should be noted that there were no study discontinuations due to safety issues.
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Table 1. Demographic and baseline characteristics of the mITT population set.

Demographics
Experimental Group

(n = 62)
n (%)

Control Group
(n = 54)
n (%)

Total
(n = 116)

n (%)

Gender, n (% *)
Male 31 (50%) 30 (55.56%) 61 (52.59%)

Female 31 (50%) 24 (44.44%) 55 (47.41%)

Race, n (% *)
Caucasian 61 (98.39%) 50 (92.59%) 111 (95.69%)

Asian 0 (0.00%) 1 (1.85%) 1 (0.86%)
Other 1 (1.61%) 3 (5.56%) 4 (3.45%)

Age
Mean (SD) 50.74 (14.04) 53.17 (12.86) 51.87 (13.5)

Median (P25, P75) 49.5 (42, 60) 56 (43, 62) 53 (42, 62)

Height
Mean (SD) 169.68 (11.14) 167.85 (11.18) 168.83 (11.15)

Median (P25, P75) 171 (160, 178) 167 (160.25, 178) 170 (160, 178)

Weight
Mean (SD) 81.35 (17.26) 81.35 (17.26) 79.47 (17.01)

Median (P25, P75) 80.5 (65.45, 93.5) 75.2 (65.25, 85.22) 78 (65.07, 92)

BMI
Mean (SD) 28.21 (5.25) 27.35 (4.72) 27.81 (5.01)

Median (P25, P75) 27.84 (24.76, 30.81) 26.75 (24.38, 29.84) 27.04 (24.54, 30.65)

Time since diagnosis (days)
Mean (SD) 239.92 (671.03) 324.65 (944.14) 279.36 (807.13)

Median (P25, P75) 76 (21, 139.75) 81.5 (21.5, 140) 77.5 (21, 140.25)

Opiate treatment, n (% *)
Yes 28 (45.16%) 23 (42.59%) 51 (43.97%)
No 34 (54.84%) 31 (57.41%) 65 (56.03%)

Difficulty or pain in mobility, n (% *)
Yes 56 (90.32%) 47 (87.04%) 103 (88.79%)
No 6 (9.68%) 6 (11.11%) 12 (10.34%)

Not assessed 0 (0.00%) 1 (1.85%) 1 (0.86%)

Spontaneous pain, n (% *)
Yes 47 (75.81%) 35 (64.81%) 82 (70.69%)
No 14 (22.58%) 17 (31.48%) 31 (26.72%)

Not assessed 1 (1.61%) 1 (1.85%) 2 (1.72%)
Not available 0 (0.00%) 1 (1.85%) 1 (0.86%)

Referred pain, n (% *)
Yes 60 (96.77%) 49 (90.74%) 109 (93.97%)
No 2 (3.23%) 4 (7.41%) 6 (5.17%)

Not assessed 0 (0.00%) 1 (1.85%) 1 (0.86%)
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Table 1. Cont.

Demographics
Experimental Group

(n = 62)
n (%)

Control Group
(n = 54)
n (%)

Total
(n = 116)

n (%)

Peripheral neurological involvement,
n (% *)

Yes 39 (62.9%) 31 (57.41%) 70 (60.34%)
No 22 (35.48%) 22 (40.74%) 44 (37.93%)

Not assessed 1 (1.61%) 1 (1.85%) 2 (1.72%)

Sensory neurological involvement,
n (% *)

Yes 30 (48.39%) 29 (53.7%) 59 (50.86%)
No 32 (51.61%) 23 (42.59%) 55 (47.41%)

Not assessed 0 (0.00%) 2 (3.7%) 2 (1.72%)

Motor neurological involvement,
n (% *)

Yes 14 (22.58%) 12 (22.22%) 26 (22.41%)
No 48 (77.42%) 40 (74.07%) 88 (75.86%)

Not assessed 0 (0.00%) 2 (3.7%) 2 (1.72%)

Presence of joint reflexes, n (% *)
Yes 53 (85.48%) 43 (79.63%) 96 (82.76%)
No 8 (12.9%) 9 (16.67%) 17 (14.66%)

Not assessed 1 (1.61%) 2 (3.7%) 3 (2.59%)

Presence of skin sensitivity, n (% *)
Yes 40 (64.52%) 32 (59.26%) 72 (62.07%)
No 22 (35.48%) 21 (38.89%) 43 (37.07%)

Not assessed 0 (0.00%) 1 (1.85%) 1 (0.86%)

Trophic disorders, n (%*)
Yes 0 (0.00%) 1 (1.85%) 1 (0.86%)
No 61 (98.39%) 52 (96.3%) 113 (97.41%)

Not assessed 0 (0.00%) 1 (1.85%) 1 (0.86%)
Not available 1 (1.61%) 0 (0.00%) 1 (0.86%)

Impaired muscle strength, n (% *)
Yes 12 (19.35%) 9 (16.67%) 21 (18.1%)
No 50 (80.65%) 44 (81.48%) 94 (81.03%)

Not assessed 0 (0.00%) 1 (1.85%) 1 (0.86%)

CGI-S, n (% *)
Borderline ill 0 (0.00%) 3 (5.56%) 3 (2.59%)

Mildly ill 16 (25.81%) 10 (18.52%) 26 (22.41%)
Moderately ill 33 (53.23%) 30 (55.56%) 63 (54.31%)
Markedly ill 11 (17.74%) 8 (14.81%) 19 (16.38%)
Severely ill 2 (3.23%) 3 (5.56%) 5 (4.31%)

* Note: The denominator for the percentages is the number of subjects in each group/column. SD: standard
deviation, BMI: body mass index.

3.2. Primary Endpoint: Pain Reduction (VAS Score)

In both mITT and PP populations, an improvement in pain (measured as the mean
change in the VAS score) over the course of the study was observed for both study groups
(Figure 2). However, no statistically significant differences were found between the control
and the experimental groups (estimate: 3.12, CI 95% −4.43–10.68, p = 0.416 in mITT
population; estimate: 3.90, confidence interval (CI) 95% −4.54–12.34, p = 0.363 in PP
population set). Nevertheless, differences emerged when setting a stratification factor for
opioid consumption, as patients using opioids reported higher pain levels than those not
consuming them, regardless of the treatment assigned and the visit number (estimate: 5.21,
CI 95% 0.51–9.90, p = 0.030 in mITT population; estimate: 5.97, CI 95% 0.63–11.32, p = 0.029
in PP population set).
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Figure 2. Boxplots representing the evolution of the pain VAS score across the study visits by
treatment group in the mITT population analysis set (a) and the PP population analysis set (b).

3.3. Secondary Endpoint: Functional and Clinical Improvement

Patients’ functional and clinical improvement was assessed using the results from the
Roland Morris’ questionnaire and the CGI scale. Figure 3 shows the evolution of the degree
of disability, which resulted in a significant decrease over time, with the estimate for the
intermediate visit being −2.74 (95% CI = −3.90 to −1.57, p < 0.001). Similarly, the estimate
for the final visit was −2.09 (95% CI = −3.25 to −0.93, p < 0.001).

Even though there was no statistically significant effect of the experimental treatment
on the outcome when not considering the time of the visit, the interaction term between
the experimental treatment group and the final visit was significant with a decrease of
1.70 units (CI 95%: −3.29 to −0.10, p = 0.038), in the score during the final visit for those in
the experimental treatment group compared to those in the control group.

The CGI scale measured the severity of the symptoms at post-baseline visits result-
ing from treatment intervention (Figure 4). Displacement analysis, performed using the
proportional odds model, showed that patients in the experimental treatment group were
five times more likely to evolve to a better CGI category at the final visit than those in the
standard treatment group (OR = 0.20, CI 95% = 0.07 to 0.57, p = 0.003).
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Figure 3. Boxplots representing the evolution of the degree of disability (Roland Morris Score) across
the study visits by treatment group in the mITT population analysis set.
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3.4. Quality of Life (EQ-5D-5L)

Changes in QoL of patients were assessed through the EQ-5D-5L questionnaire. Re-
sults of each EQ-5D-5L dimension by treatment group and visit (baseline or final) are
presented in Table 2. Although a significant change in each section’s score of the question-
naire was observed over the course of the study for both groups, neither the experimental
treatment nor the opiate treatment were found to influence the outcomes.
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Table 2. EQ-5D-5L test by treatment and by visit—mITT population set.

EQ-5D-5L Test Day Scale
Control

Treatment
n (%)

Experimental
Treatment

n (%)

Mobility

Baseline Visit

I have no problems in walking about (1) 10 (18.52%) 13 (20.97%)
I have slight problems in walking about (2) 19 (35.19%) 21 (33.87%)

I have moderate problems in walking about (3) 17 (31.48%) 17 (27.42%)
I have severe problems in walking about (4) 7 (12.96%) 11 (17.74%)

I am unable to walk about (5) 1 (1.85%) 0 (0.00%)
Mode 2 2

Final Visit

I have no problems in walking about (1) 17 (31.48%) 24 (38.71%)
I have slight problems in walking about (2) 17 (31.48%) 15 (24.19%)

I have moderate problems in walking about (3) 15 (27.78%) 13 (20.97%)
I have severe problems in walking about (4) 4 (7.41%) 7 (11.29%)

No answer 1 (1.85%) 3 (4.84%)
Mode 2 1

Self-care

Baseline Visit

I have no problems washing or dressing myself (1) 19 (35.19%) 23 (37.1%)
I have slight problems washing or dressing myself (2) 15 (27.78%) 16 (25.81%)

I have moderate problems washing or dressing myself (3) 16 (29.63%) 19 (30.65%)
I have severe problems washing or dressing myself (4) 2 (3.7%) 4 (6.45%)

I am unable to wash or dress myself (5) 2 (3.7%) 0 (0.00%)
Mode 1 1

Final Visit

I have no problems washing or dressing myself (1) 21 (38.89%) 32 (51.61%)
I have slight problems washing or dressing myself (2) 14 (25.93%) 16 (25.81%)

I have moderate problems washing or dressing myself (3) 16 (29.63%) 6 (9.68%)
I have severe problems washing or dressing myself (4) 1 (1.85%) 5 (8.06%)

I am unable to wash or dress myself (5) 1 (1.85%) 0 (0.00%)
No answer 1 (1.85%) 3 (4.84%)

Mode 1 1

Usual activities

Baseline Visit

I have no problems doing my usual activities (1) 7 (12.96%) 4 (6.45%)
I have slight problems doing my usual activities (2) 13 (24.07%) 16 (25.81%)

I have moderate problems doing my usual activities (3) 22 (40.74%) 26 (41.94%)
I have severe problems doing my usual activities (4) 8 (14.81%) 14 (22.58%)

I am unable to do my usual activities (5) 4 (7.41%) 1 (1.61%)
No answer 0 (0.00%) 1 (1.61%)

Mode 3 3

Final Visit

I have no problems doing my usual activities (1) 10 (18.52%) 12 (19.35%)
I have slight problems doing my usual activities (2) 19 (35.19%) 26 (41.94%)

I have moderate problems doing my usual activities (3) 18 (33.33%) 10 (16.13%)
I have severe problems doing my usual activities (4) 2 (3.7%) 8 (12.9%)

I am unable to do my usual activities (5) 4 (7.41%) 3 (4.84%)
No answer 1 (1.85%) 3 (4.84%)

Mode 2 2

Pain/discomfort

Baseline Visit

I have no pain or discomfort (1) 1 (1.85%) 0 (0.00%)
I have slight pain or discomfort (2) 8 (14.81%) 12 (19.35%)

I have moderate pain or discomfort (3) 18 (33.33%) 25 (40.32%)
I have severe pain or discomfort (4) 21 (38.89%) 23 (37.1%)

I have extreme pain or discomfort (5) 6 (11.11%) 2 (3.23%)
Mode 4 3

Final Visit

I have no pain or discomfort (1) 4 (7.41%) 7 (11.29%)
I have slight pain or discomfort (2) 15 (27.78%) 21 (33.87%)

I have moderate pain or discomfort (3) 18 (33.33%) 16 (25.81%)
I have severe pain or discomfort (4) 9 (16.67%) 14 (22.58%)

I have extreme pain or discomfort (5) 6 (11.11%) 1 (1.61%)
No answer 2 (3.7%) 3 (4.84%)

Mode 3 2
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Table 2. Cont.

EQ-5D-5L Test Day Scale
Control

Treatment
n (%)

Experimental
Treatment

n (%)

Anxiety/
depression

Baseline Visit

I am not anxious or depressed (1) 17 (31.48%) 23 (37.1%)
I am slightly anxious or depressed (2) 11 (20.37%) 17 (27.42%)

I am moderately anxious or depressed (3) 14 (25.93%) 9 (14.52%)
I am severely anxious or depressed (4) 10 (18.52%) 7 (11.29%)

I am extremely anxious or depressed (5) 2 (3.7%) 6 (9.68%)
Mode 1 1

Final Visit

I am not anxious or depressed (1) 20 (37.04%) 27 (43.55%)
I am slightly anxious or depressed (2) 14 (25.93%) 14 (22.58%)

I am moderately anxious or depressed (3) 11 (20.37%) 10 (16.13%)
I am severely anxious or depressed (4) 2 (3.7%) 6 (9.68%)

I am extremely anxious or depressed (5) 5 (9.26%) 1 (1.61%)
No answer 2 (3.7%) 4 (6.45%)

Mode 1 1

Total 54 (100%) 62 (100%)

For a more general assessment, patients also assessed their health status using a VAS.
The EQ-VAS results indicated improvement over time in both groups, with baseline EQ-
VAS values influencing scores across study visits. Patients with lower baseline EQ-VAS
values showed greater QoL improvement. However, the experimental treatment did not
show a significant impact on the EQ-VAS scores compared with the control treatment.

3.5. Medication Intake for Pain Management

Regarding patient’s medication intake for painful radiculopathy, analgesics were the
most prescribed category for both treatment groups with paracetamol (acetaminophen)
being the most used medication, followed by pregabalin and tramadol. Concomitant
medications categorized by ATC Level, as well as baseline medication used in both groups,
are summarized in Supplementary Tables S1 and S2. After analyzing the change from
baseline in the total sum of prescribed pain medications, the experimental treatment did
not demonstrate a significant impact (estimate: −0.02; 95% CI = −0.51 to 0.48; p = 0.946).
However, a notable increase of 0.66 units in the total sum of prescribed pain medications
was observed in both groups at the final visit compared to baseline (95% CI = 0.16 to 1.16;
p = 0.011). Additionally, patients who used opioids in both groups were prescribed 0.46
units more pain medications (95% CI = 0.09 to 1.03; p = 0.016).

3.6. Exploratory Endpoints: Physical Activity

Patient’s physical activity was also assessed as an exploratory objective. The experi-
mental treatment only affected walking distance when considering the interaction between
visit number and treatment: patients in the experimental treatment group exhibited a
small decrease in the walked distance over time, although this was not clinically relevant.
However, sleep quality did not appear to be significantly affected by any treatment.

4. Discussion

We report a comparative study of the use of a combination of pyrimidine nucleotides
with vitamins B12 and B1 plus standard treatment vs. standard treatment alone in the
management of painful radiculopathy, using a pain VAS score as the primary outcome
measure. The primary endpoint analysis was performed in two populations (mITT and PP)
and different covariates were established.

Previous studies have shown that nucleotides and vitamin B1 and B12 combinations
reduce pain and improve patient’s care and QoL in other painful conditions [38]. For
example, the NUBES study, a 60-day randomized, double blind, controlled trial, reported
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encouraging results, as treatment with nucleotides (cytidine and uridine) in addition to
vitamin B12 vs. B-complex vitamins was found to significantly reduce low back pain
intensity in a VAS after 30 days of treatment however, the reduction was equivalent by day
60 [27]. Similarly, in our study, we observed that neither of the treatment groups studied
showed statistically significant differences in the pain VAS score vs. baseline, although the
visit number (intermediate or final) did show an effect. Nevertheless, it is worth noting that
the pain VAS score showed a numerical decline in patients who received the experimental
supplement. This lack of significance could be explained by an important limitation in the
study, the low power achieved to detect the differences in the mean change from baseline
to the final visit in the pain VAS, due to the small sample size and a greater variability than
initially expected. Thus, potential differences between groups might have been detected
with a larger sample size. Additionally, as defined by the International Association for the
Study of Pain (IASP), pain is a subjective experience that can be influenced by different
degrees of biological, psychological, and social factors [39]. Therefore, even though pain
has to be evaluated during patient’s clinical assessments, functional improvement may
be considered clinically more relevant, as it provides a measure of how the condition is
affecting patient’s daily activities.

In this regard, we also included the assessment of patients’ functional and clinical
improvement, as well as the impact on QoL, as secondary objectives. The Roland Morris’s
questionnaire showed that time (measured as visit number) is a predictor of patients’
functional improvement, since the disability score decreased significantly over time in the
control and experimental groups. However, patients in the experimental treatment group
showed a greater functional improvement in the final visit, with a significant decrease of
1.70 units in the degree of disability score, compared to patients in the control group.

Similarly, although the visit number was found to be a significant predictor of the
improvement on the severity of the symptoms in the CGI scale for both groups, patients
in the experimental group were five times more likely to evolve to a better CGI category
at the final visit than those in the control group. This analysis also revealed an additional
significant predictor on patients’ progress, as patients with worse basal CGI values were
less likely to worsen in the CGI category. The final visit represented a significant change
over the course of the study for both study groups, indicating that the visit number
is another important factor influencing the scores of each section of the questionnaire.
However, the experimental treatment was not found to influence the outcomes. Similar
results were obtained in the EQ-VAS, where a worse baseline value tended to show higher
improvements in QoL. The final visit was a predictor of an increase in the EQ-VAS score
compared to the baseline visit, indicating an improvement over time in both study groups.
In addition, the experimental treatment did not show a significant impact on the EQ-VAS
scores compared with the control treatment.

On the other hand, when analyzing the established covariates, our study showed that
consuming opioids was associated with an increase in the pain VAS score, regardless of
the treatment received or visit number. This result could be explained by a worse initial
condition in those patients who were prescribed opioids than the ones not consuming
them, or even to a selection bias, since doctors tend to prescribe opioids when they, or the
patient, feel that the condition is worse. Dose and potency of analgesic treatments were
not considered in the analysis, nor were pain type and its evolution; therefore, it would be
valuable to include such analyses in future studies.

Previous research has demonstrated that nucleotides in combination with B12 vitamin
are safe and well tolerated [26]. However, while our study showed that the total amount of
prescribed pain medications significantly increased for both groups, there were no signifi-
cant differences between treatment groups. Finally, patient’s physical activity was assessed
as an exploratory objective, but the differences found were not clinically relevant, as the
experimental treatment only affected walking distance when considering the interaction
between visit number and treatment, with patients in the experimental treatment group
exhibiting a small decrease in the walked distance over time.
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5. Conclusions

In conclusion, adding the studied combination of nucleotides and vitamins B1 and
B12 to standard treatment (e.g., anti-inflammatories, corticosteroids, or opioids) provides a
benefit in the improvement of functional and clinical symptoms in patients with painful
radiculopathy, with the advantage of a relatively low adverse event profile. However,
although numerically directional, no statistically significant differences were observed on
the degree of pain improvement, as measured by the VAS. A future study with a larger
sample size would be advisable, as an important limitation of the study was the low power
to detect differences between groups.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu16234187/s1, Table S1: Concomitant medication by ATC (Anatomical
Therapeutic Chemical) Level at baseline visit—mITT population set; Table S2: Medication at baseline
visit—mITT population set.

Author Contributions: All authors made substantial contributions to the conception and/or design
of the work and acquisition, analysis, and interpretation of the data. All authors also contributed to
the drafting and critical review of the content, approved the final version to be published, and are
accountable for all aspects of the work. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Ferrer Internacional, S.A.

Institutional Review Board Statement: The study documentation and all the amendments and
modifications were assessed by the Research Ethics Committee of the Autonomous Community
of Aragon (CEICA), FIM402-CT-1901/NUBIT, 18 November 2022. In addition, the study was also
reviewed by Independent Ethics Committees.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The datasets presented in this article are not publicly available. They
are the property of Ferrer Internacional, S.A. and are available from the corresponding author upon
reasonable request, subject to privacy and ethical considerations.

Acknowledgments: We would like to acknowledge Meisys for their support in the manuscript writing.

Conflicts of Interest: Author Pedro Grima was an employer of Ferrer Internacional S.A. at the
beginning of the study and was employed by the company Affinity Petcare. Rebeca Aldonza is
full-time employee of Ferrer Internacional S.A. The remaining authors declare that the research was
conducted in the absence of any commercial or financial relationships that could be construed as
a potential conflict of interest. The authors declare that this study received funding from Ferrer
Internacional, S.A. The funder was not involved in the collection, analysis and interpretation of data.

References
1. Tawa, N.; Rhoda, A.; Diener, I. Accuracy of clinical neurological examination in diagnosing lumbosacral radiculopathy: A

systematic literature review. BMC Musculoskelet. Disord. 2017, 18, 93. [CrossRef] [PubMed]
2. Woods, B.I.; Hilibrand, A.S. Cervical radiculopathy: Epidemiology, etiology, diagnosis, and treatment. J. Spinal Disord. Tech. 2015,

28, E251–E259. [CrossRef] [PubMed]
3. Berry, J.A.; Elia, C.; Saini, H.S.; Miulli, D.E. A Review of Lumbar Radiculopathy, Diagnosis, and Treatment. Cureus 2019, 11, e5934.

[CrossRef] [PubMed]
4. Deyo, R.A.; Weinstein, J.N. Low back pain. N. Engl. J. Med. 2001, 344, 363–370. [CrossRef]
5. Schubert, P.; Kreutzberg, G.W. Axonal transport of adenosine and uridine derivatives and transfer to postsynaptic neurons. Brain

Res. 1974, 76, 526–530. [CrossRef]
6. Negrão, L.; Nunes, P.; Portuguese Group for the Study of Peripheral Neuropathy. Uridine monophosphate, folic acid and vitamin

B12 in patients with symptomatic peripheral entrapment neuropathies. Pain Manag. 2016, 6, 25–29. [CrossRef]
7. Khezri, M.K.; Turkkan, A.; Koc, C.; Salman, B.; Levent, P.; Cakir, A.; Kafa, I.M.; Cansev, M.; Bekar, A. Anti-Apoptotic and

Anti-Oxidant Effects of Systemic Uridine Treatment in an Experimental Model of Sciatic Nerve Injury. Turk. Neurosurg. 2021, 31,
373–378. [CrossRef]

https://www.mdpi.com/article/10.3390/nu16234187/s1
https://www.mdpi.com/article/10.3390/nu16234187/s1
https://doi.org/10.1186/s12891-016-1383-2
https://www.ncbi.nlm.nih.gov/pubmed/28231784
https://doi.org/10.1097/BSD.0000000000000284
https://www.ncbi.nlm.nih.gov/pubmed/25985461
https://doi.org/10.7759/cureus.5934
https://www.ncbi.nlm.nih.gov/pubmed/31788391
https://doi.org/10.1056/NEJM200102013440508
https://doi.org/10.1016/0006-8993(74)90828-2
https://doi.org/10.2217/pmt.15.60
https://doi.org/10.5137/1019-5149.JTN.31127-20.3


Nutrients 2024, 16, 4187 14 of 15

8. Manhães, M.; Cesar, M.; Justo, R.; Geller, M.; Suchmacher, M.; Cisne, R. The Role of Nucleotides in Glial Cells during Peripheral
Nerve Trauma and Compressive Disorders. In Peripheral Nerve Regeneration—From Surgery to New Therapeutic Approaches Including
Biomaterials and Cell-Based Therapies Development; IntechOpen: London, UK, 2017. Available online: https://www.intechopen.
com/chapters/54772 (accessed on 12 April 2024).

9. Burrell, H.R.; Heacock, A.M.; Water, R.D.; Agranoff, B.W. Increased tubulin messenger RNA in the goldfish retina during optic
nerve regeneration. Brain Res. 1979, 168, 628–632. [CrossRef]

10. Dokas, L.A.; Kohsaka, S.; Burrell, H.R.; Agranoff, B.W. Uridine metabolism in the goldfish retina during optic nerve regeneration:
Whole retina studies. J. Neurochem. 1981, 36, 1160–1165. [CrossRef]

11. Wattig, B.; Schalow, G.; Madauss, M.; Heydenreich, F.; Warzok, R.; Cervós-Navarro, J. Acceleration of nerve and muscle
regeneration by administration of nucleotides—electroneurophysiological and morphometrical investigations. Acta Histochem.
Suppl. 1992, 42, 333–339.

12. Gella, A.; Martiañez, T.; Lamarca, A.; Gutierrez, C.A. Nucleotide-based Drug Protects Against Glutamate- and MPP+-Induced
Neurotoxicity. Neurosci. Med. 2011, 2, 154160. [CrossRef]

13. Baltrusch, S. The Role of Neurotropic B Vitamins in Nerve Regeneration. Biomed. Res. Int. 2021, 2021, 9968228. [CrossRef]
[PubMed]

14. Becker, K.W.; Kienecker, E.-W.; Dick, P.; Bonke, D. Enhancement of regeneration of the saphenous nerve after treatment with
vitamins B1, B6, and B12 after cold lesion in the rabbit. Ann. N. Y. Acad. Sci. 1990, 585, 477–479. [CrossRef]

15. Al-Saaeed, S.M.; Ali, H.A.; Ali, S.M.; Ali, S.A. Vitamins B therapy in regeneration of peripheral neuropathy associated with lipid
profile. J. Phys. Conf. Ser. 2019, 1279, 012016. [CrossRef]

16. Muhamad, R.; Akrivaki, A.; Papagiannopoulou, G.; Zavridis, P.; Zis, P. The Role of Vitamin B6 in Peripheral Neuropathy: A
Systematic Review. Nutrients 2023, 15, 2823. [CrossRef]

17. Tozaki-Saitoh, H.; Takeda, H.; Inoue, K. The Role of Microglial Purinergic Receptors in Pain Signaling. Molecules 2022, 27, 1919.
[CrossRef]

18. Okada, M.; Nakagawa, T.; Minami, M.; Satoh, M. Analgesic effects of intrathecal administration of P2Y nucleotide receptor
agonists UTP and UDP in normal and neuropathic pain model rats. J. Pharmacol. Exp. Ther. 2002, 303, 66–73. [CrossRef]

19. Guo, Y.; Mao, T.; Fang, Y.; Wang, H.; Yu, J.; Zhu, Y.; Shen, S.; Zhou, M.; Li, H.; Hu, Q. Comprehensive insights into potential
roles of purinergic P2 receptors on diseases: Signaling pathways involved and potential therapeutics. J. Adv. Res. 2024, in press.
[CrossRef]

20. Weisman, G.A.; Wang, M.; Kong, Q.; Chorna, N.E.; Neary, J.T.; Sun, G.Y.; González, F.A.; Seye, C.I.; Erb, L. Molecular determinants
of P2Y2 nucleotide receptor function: Implications for proliferative and inflammatory pathways in astrocytes. Mol. Neurobiol.
2005, 31, 169–183. [CrossRef]

21. Chorna, N.E.; Santiago-Pérez, L.I.; Erb, L.; Seye, C.I.; Neary, J.T.; Sun, G.Y.; Weisman, G.A.; González, F.A. P2Y2 receptors activate
neuroprotective mechanisms in astrocytic cells. J. Neurochem. 2004, 91, 119–132. [CrossRef]

22. Seck, L.B.; Basse, A.; Cissé, E.H.; Diedhiou, D.; Touré, K.; Ndiaye, M.; Diop, S.N.; Ndiaye, M.M. Efficacy and tolerance of
combination of Cytidine 5’ monophosphate (CMP) and Uridine-5’ Triphosphate Trisodium (UTP) in patients with diabetic
neuropathy: Results of a study conducted in Dakar-Senegal. Int. J. Med. Med. Sci. 2015, 5, 284–287.

23. Jolivalt, C.G.; Mizisin, L.M.; Nelson, A.; Cunha, J.M.; Ramos, K.M.; Bonke, D.; Calcutt, N.A. B vitamins alleviate indices of
neuropathic pain in diabetic rats. Eur. J. Pharmacol. 2009, 612, 41–47. [CrossRef] [PubMed]

24. Negrão, L.; Almeida, P.; Alcino, S.; Duro, H.; Libório, T.; Melo Silva, U.; Figueira, R.; Gonçalves, S.; Neto Parra, L. Effect of the
combination of uridine nucleotides, folic acid and vitamin B12 on the clinical expression of peripheral neuropathies. Pain Manag.
2014, 4, 191–196. [CrossRef] [PubMed]

25. Povedano, M.; Martínez, Y.; Tejado, A.; Arroyo, P.; Tebe, C.; Lorenzo, J.L.; Montero, J. Observational pilot study of patients with
carpal tunnel syndrome treated with Nucleo CMP ForteTM. Pain Manag. 2019, 9, 123–129. [CrossRef] [PubMed]

26. Goldberg, H.; Mibielli, M.A.; Nunes, C.P.; Goldberg, S.W.; Buchman, L.; Mezitis, S.G.; Rzetelna, H.; Oliveira, L.; Geller, M.;
Wajnsztajn, F. A double-blind, randomized, comparative study of the use of a combination of uridine triphosphate trisodium,
cytidine monophosphate disodium, and hydroxocobalamin, versus isolated treatment with hydroxocobalamin, in patients
presenting with compressive neuralgias. J. Pain Res. 2017, 10, 397–404.

27. Mibielli, M.A.N.; Nunes, C.P.; Goldberg, H.; Buchman, L.; Oliveira, L.; Mezitis, S.G.; Wajnzstajn, F.; Kaufman, R.; Nigri, R.;
Cytrynbaum, N.; et al. Nucleotides Cytidine and Uridine Associated with Vitamin B12 vs B-Complex Vitamins in the Treatment
of Low Back Pain: The NUBES Study. J. Pain. Res. 2020, 13, 2531–2541. [CrossRef]

28. Goldberg, H.; Scussel Júnior, A.B.; Cohen, J.C.; Rzetelna, H.; Mezitis, S.G.; Nunes, F.P.; Ozeri, D.; Daher, J.P.L.; Nunes, C.P.;
Oliveira, L.; et al. Neural compression-induced neuralgias: Clinical evaluation of the effect of nucleotides associated with vitamin
B12. Rev. Bras. Med. 2009, 66, 380–385.

29. Wewege, M.A.; Bagg, M.K.; Jones, M.D.; Ferraro, M.C.; Cashin, A.G.; Rizzo, R.R.; Leake, H.B.; Hagstrom, A.D.; Sharma, S.;
McLachlan, A.J.; et al. Comparative effectiveness and safety of analgesic medicines for adults with acute non-specific low back
pain: Systematic review and network meta-analysis. BMJ 2023, 380, e072962. [CrossRef]

https://www.intechopen.com/chapters/54772
https://www.intechopen.com/chapters/54772
https://doi.org/10.1016/0006-8993(79)90318-4
https://doi.org/10.1111/j.1471-4159.1981.tb01713.x
https://doi.org/10.4236/nm.2011.22022
https://doi.org/10.1155/2021/9968228
https://www.ncbi.nlm.nih.gov/pubmed/34337067
https://doi.org/10.1111/j.1749-6632.1990.tb28080.x
https://doi.org/10.1088/1742-6596/1279/1/012016
https://doi.org/10.3390/nu15132823
https://doi.org/10.3390/molecules27061919
https://doi.org/10.1124/jpet.102.036079
https://doi.org/10.1016/j.jare.2024.03.027
https://doi.org/10.1385/MN:31:1-3:169
https://doi.org/10.1111/j.1471-4159.2004.02699.x
https://doi.org/10.1016/j.ejphar.2009.04.028
https://www.ncbi.nlm.nih.gov/pubmed/19393643
https://doi.org/10.2217/pmt.14.10
https://www.ncbi.nlm.nih.gov/pubmed/24835269
https://doi.org/10.2217/pmt-2018-0050
https://www.ncbi.nlm.nih.gov/pubmed/30451573
https://doi.org/10.2147/JPR.S277024
https://doi.org/10.1136/bmj-2022-072962


Nutrients 2024, 16, 4187 15 of 15

30. Rovira, R.F.; Bermudo, F.M.; Fernández, A.M.C.; Sáez, A.C.; Álvarez, M.D.; Marteache, A.H.; Toledano, F.L.; de Santos, M.R.M.; de
Victoria Muñoz, E.M.; Larrañaga, M.R.M.; et al. Informe del Comité Científico de la Agencia Española de Seguridad Alimentaria
y Nutrición (AESAN) sobre condiciones de uso de determinadas sustancias distintas de vitaminas, minerales y plantas para ser
empleadas en complementos alimenticios − 1. Rev. Comité Científico AESAN 2013, 17, 9–29.

31. R Core Team. The R Project for Statistical Computing. Available online: https://www.R-project.org/ (accessed on 13 November 2024).
32. Kovacs, F.M.; Llobera, J.; Del Real, M.T.G.; Abraira, V.; Gestoso, M.; Fernández, C. Validation of the spanish version of the

Roland-Morris questionnaire. Spine 2002, 27, 538–542. [CrossRef]
33. Busner, J.; Targum, S.D. The clinical global impressions scale: Applying a research tool in clinical practice. Psychiatry 2007, 4,

28–37. [PubMed]
34. Padhi, A.; Fineberg, N. Clinical Global Impression Scales. In Encyclopedia of Psychopharmacology; Stolerman, I.P., Ed.; Springer:

Berlin/Heidelberg, Germany, 2010; p. 303.
35. Herdman, M.; Gudex, C.; Lloyd, A.; Janssen, M.; Kind, P.; Parkin, D.; Bonsel, G.; Badia, X. Development and preliminary testing

of the new five-level version of EQ-5D (EQ-5D-5L). Qual. Life Res. 2011, 20, 1727–1736. [CrossRef] [PubMed]
36. European Medicines Agency. Guideline on Missing Data in Confirmatory Clinical Trials. Available online: https://www.tga.gov.

au/resources/resource/international-scientific-guidelines/guideline-missing-data-confirmatory-clinical-trials (accessed on 13
November 2024).

37. Mibielli, A.M.; Pereira Nunes, C.; Scussel, A., Jr.; Suchmacher Neto, M.; Oliveira, L.; Geller, M. Symptomatic improvement in an
acute, non-traumatic spine pain model with a combination of uridine triphosphate, cytidine monophosphate, and hydroxocobal-
amin. Pain Stud. Treat. 2014, 2, 6–10. [CrossRef]

38. RStudio Team. RStudio: Integrated Development for R. Available online: http://www.rstudio.com/ (accessed on 13 November 2024).
39. Raja, S.N.; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, F.J.; Mogil, J.S.; Ringkamp, M.; Sluka, K.A.; et al. The

revised International Association for the Study of Pain definition of pain: Concepts, challenges, and compromises. Pain 2020, 161,
1976–1982. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.R-project.org/
https://doi.org/10.1097/00007632-200203010-00016
https://www.ncbi.nlm.nih.gov/pubmed/20526405
https://doi.org/10.1007/s11136-011-9903-x
https://www.ncbi.nlm.nih.gov/pubmed/21479777
https://www.tga.gov.au/resources/resource/international-scientific-guidelines/guideline-missing-data-confirmatory-clinical-trials
https://www.tga.gov.au/resources/resource/international-scientific-guidelines/guideline-missing-data-confirmatory-clinical-trials
https://doi.org/10.4236/pst.2014.21002
http://www.rstudio.com/
https://doi.org/10.1097/j.pain.0000000000001939
https://www.ncbi.nlm.nih.gov/pubmed/32694387

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Endpoints 
	Statistical Methods 

	Results 
	Patient Disposition and Baseline Characteristics 
	Primary Endpoint: Pain Reduction (VAS Score) 
	Secondary Endpoint: Functional and Clinical Improvement 
	Quality of Life (EQ-5D-5L) 
	Medication Intake for Pain Management 
	Exploratory Endpoints: Physical Activity 

	Discussion 
	Conclusions 
	References

