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Abstracts

Background: Neural therapy, is a treatment approach that targets
the nervous system by altering resting potential through injecting
a local anesthetic. Neural therapy can be used to treat local tissues
such as trigger points. It was the aim of this study to evaluate the
short-term effect of neural therapy, using 1% procaine injections at
cervicothoracic region, in subjects with chronic cervical spine pain on
the autonomic nervous system. The secondary aim was to investigate
if neural therapy resulted in immediate change in reported pain.

Methods: A convenience sample of 22 subjects were recruited for
this study. Each subjected reported pre intervention pain level. After
this they underwent an automated pupillometry measurement for 1
minute. Following this they received the neural therapy intervention
paravertebrally and an immediate pupil measurement followed. A
third pupillometry measure was taken 4 minutes later. After this the
subject reported post intervention pain level.

Outcomes: There was no significant change in the pupil
measurements in both the right and left eye (p>0.05). There was a
significant reduction difference in pain report post testing (p< 0.01).

Discussion: The results of this study demonstrate that Neural
therapy using 1% procaine has an immediate effect on localized pain
perception with eight paravertebral 1% procaine injections at the
level of C7-T3. No change in pupil diameter was observed following
neural therapy indicating that the balance between the sympathetic
and parasympathetic nervous system did not change.

Key words: Neural Therapy, Anesthetic, Pupillometry, Autonomic
Nervous System

Introduction

Cervical spine disorders are common and annually create a large
burden on the healthcare system totaling about 50 billion in healthcare
expenditure [1, 2]. Besides cost, it also leads to a reduced or inability
to work, and a reduced work-related productivity [3, 4, 5]. Cervical
spine disorders related expenditures are the second highest economic
burden for musculoskeletal disorders [6]. Cervical spine pain can
arise from any structure in the neck and thoracic spine including: the
intervertebral disc, ligaments, muscles, facet joints, dura, and nerve
roots [7, 8]. Patients with problems originating in the cervical spine

can present with pain in a variety of different symptomatic regions
including: the neck, the occipital and facial areas, the shoulder
and arm, and the scapulothoracic region. At any given time,
approximately 10% of the adult population has neck pain [9]. Jette
et al. [10] suggested that about 25% of all patients seen in outpatient
physical therapy clinics present with neck pain [10]. Cervical spine
pain often leads to chronic issues as up to 50% of people have pain
lasting longer than 6 months [11].

Chronic pain is pain that exists beyond the normal time line of tissue
healing [12]. It can involve both local and central mechanisms. In the
periphery, injury may cause tissue destruction or damage resulting in
activation of the peripheral nociceptors, which are present in great
abundance and form a large network throughout all tissues [13-15].
Normal resting nerve cells have a resting membrane potential of
approximately 70 mV [16]. Voltage-gated sodium channels in the
axon are responsible for creating and maintaining this membrane
potential. Chemical mediators such as serotonin, bradykinin,
and potassium are effective stimulants for nociceptors lowering
this membrane potential by 30 to 40mV, and thus decreasing the
facilitation threshold [15, 17, 18]. It appears that chemical mediators
that are generated in local tissues can cause a prolonged lowering of
the resting action potential resulting in peripheral sensitization [19-
21].

Raising this resting membrane potential can have great therapeutic
value and could interrupt the cascade of events leading to an
maintaining chronic pain. Neural therapy, which was developed
in Germany in the 1920’s, is a treatment approach that targets this
change in resting potential by injecting a local anesthetic [22]. Local
anesthetics have been used to treat a variety of local pain generators
to achieve this [23]. It has been demonstrated to be very beneficial
in eliminating local trigger points [24, 25]. While different theories
exist as to the mechanism of action for local anesthetics, it is well
known that these substances raise the resting membrane potential,
making the nerve less likely to fire a nerve impulse even with more
stimuli [23, 26]. During the application of neural therapy, procaine is
the preferred anesthetic. Procaine appears to be effective in reducing
localized inflammatory processes both short and longer term [22,27].
Li et al. [27] suggested based on animal experiments that procaine is
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an effective modality to reduce nerve sensitivity. In addition, procaine
has the ability to increase the refractory period (time interval between
nerve firing) of the local nerve, thereby reducing the peripheral
sensitization process [22, 27].

Chronic nociceptive information as a result of peripheral
sensitization will continue to reach the spinal cord where it will
result in a change in processing of central nociceptive information
[28]. There will be a lowering of threshold for excitation of the
inter-neurons in the spinal cord, which will result in an increased
central discharge on relatively normal effective inputs and inputs
that previously did not exceed facilitation threshold [29]. Because
the central nervous system functions as one single unit, both the
somatic and autonomic nervous system will be influenced by each
other [30-32]. Several areas of interaction between the somatic and
autonomic nervous system have been identified both in the periphery
and centrally [33, 34]. Therefore, in a state of central sensitization,
hyperactivity is taking place at the level of nociceptive input in
the spinal cord [35]. As a result, corresponding over-activity in the
lateral gray matter and an expected increase in sympathetic activity
will be present [35,36]. This means that pain has a stimulating effect
on the sympathetic nervous system [37-39]. The consequences of
this correlation are many and should be considered therapeutically.
As an example the regulation of skeletal muscle blood flow is
controlled by the sympathetic nervous system [40-43]. An increased
sympathetic activity will lead to a constrictive tendency of blood
vessels in the periphery [40]. If this state of increased sympathetic
activity remains for a prolonged period of time ischemic changes
in tissues can occur, which results in higher risk of tissue damage
during the performance of normal activities and thus maintaining
the cycle of chronic pain [44]. Because of this close relationship
between pain and the autonomic nervous system, its parameters are
often regarded as objective measures of pain in humans [45]. Several
methods have been described to assess the activity of the autonomic
nervous system and its components [46, 47]. The pupil of the eye is
exclusively innervated by the ANS, and thus ANS activity can be
measured indirectly by pupil monitoring [48-51]. The pupil dilator
muscle is innervated by the sympathetic nervous system and receives
its innervation through the upper cervical sympathetic ganglion.
The pupil constrictor muscle is innervated by the parasympathetic
nervous system with fibers originating from cranial nerve III. The
diameter of the pupil at any given time is a reflection of the real
time balance of between the activity of the sympathetic system and
parasympathetic activity [13, 46, 52]. Previous studies have used
fully automated pupillometry to capture the pupil diameter in real
time [53-55].

To evaluate the short-term effect of neural therapy in subjects with
chronic cervical spine pain, the aim of this pilot study was twofold.
The primary aim was to investigate if segmentally applied neural
therapy using 1% procaine injections at cervicothoracic region has
a systemic effect on the autonomic nervous system. The secondary
aim was to investigate if neural therapy resulted in immediate change
in reported pain.

Material and Methods
Subjects

Because this was a pilot study, we did not perform a power analysis.
We recruited a convenience sample of 22 adult subjects for this pilot
study in September 2019 during the 11 Congresso International de
Fisioterapia, Salvador, Brazil. All available subjects were screened
for eligibility criteria. To participate, all subjects had to be between
the ages of 18 and 65, able to speak and read the Spanish language
fluently, have chronic neck pain, and experience pain at the time of
testing. The subjects were screened for any red flags and potential
reasons why they could not undergo the procaine injection protocol
by the treating physical therapist. Additional exclusion criteria
included: use of blood thinning medications, history of surgery and
or injury within the past six weeks, or evidence of central nervous
system involvement, including hyperreflexia, sensory disturbances in
the hand, intrinsic muscle-wasting of the hands, unsteadiness while
walking, nystagmus, loss of visual acuity, impaired sensation of the
face, altered taste, and the presence of pathological reflexes. All
subjects provided written consent prior to participating in the study.
Automated measures

To obtain a measure of autonomic nervous system activity, the
pupil diameter can be measured directly in real time [49,51,52,56-
58]. In this study, the pupil responses were measured with the
fully automated Vorteq® system (Micromedical Technologies, Inc)
to record the pupil reaction. To control for any light affecting the
pupil measures, the subjects wore goggles that covered both eyes to
create a completely dark environment. In the dark, the activity of the
parasympathetic nervous system is greatly reduced and, therefore, an
increase in pupil diameter indicates a relatively unopposed activation
of the sympathetic nervous system [13, 58, 59]. Infrared cameras are
built into the goggles, allowing for direct measurement of the pupil
diameter of the both eyes simultaneously (Figure 1).

-~

KFigure 1. Pupilometry goggles in position )
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Fully automated pupillometry devices have been used previously in
a number of studies investigating autonomic nervous system activity
[48, 51, 54, 55, 60-65]. The measurement error is minimal and pupil
changes of less than 0.2 mm can be detected [63, 65-67]. Intra-rater
repeatability of automatic pupillometric devices is strong, with the
coefficient of repeatability ranging from 0.6 to 1.4 mm [60, 61].
Both the sensitivity and reliability of the pupillometry to evaluate the
autonomic nervous system have been shown previously [48, 68-70].
Study Protocol

After providing consent, all subjects rated their current pain level
on a Numeric Pain Rating Scale (NPRS). Each subject underwent
the same protocol to consistently identify the localization of the
paravertebral needle placement. In all participants, C7 was identified
as the vertebrae with the largest spinous process, and C6 was identified
as the spinous process that would nearly disappear upon motion that
extends the cervical spine while seated [71, 72]. Passive neck flexion
was used to identify inter-segmental motion in order to determine
the T3-T4 level [73]. A mark was placed on the skin identifying the
T3 spinous space process, allowing for easy identification during the
intervention.

Measurement Position

During the measurement phase, all subjects were seated in a
comfortable position with the arms on their laps. This position
was chosen to allow the goggles to be worn comfortably and to
guarantee that cameras would be able to capture the pupil during
the measurement protocol without difficulty. All subjects remained
in complete darkness, created by the goggles, for the duration of
the intervention and measurement protocol. The subjects confirmed
verbally that no light was entering the goggles. The darkness allowed
for a constant maximum pupil diameter during the pupil measurement
without the influence of light [74].

Measurement/needling protocol

After two minutes of accommodation to the dark environment,
the pupils were measured continuously for a 60-second duration.
Directly following the baseline measurement, the subject received
neural therapy with eight paravertebral 1% procaine injections at
the level of C7-T3 (Figure 2). In order to achieve consistent needle
placement between subjects, the needles were placed at a distance of
two fingers lateral to the spinous process. The needle was inserted
fully at a 45-degree angle toward the spine. This same needle
placement protocol was previously reported by Sillevis et al. [55].

-~

K Figure 2. Neural therapy injection paravertebrally )

~

Directly following the needle placement, a continuous pupil
measurement of both eyes was performed for 60 seconds. After a
3-minute period, the third and final 60-second pupil measurement
was taken, which completed the measurement phase. The subjects
reported their S-minute post intervention pain level on a NPRS scale.
The testing environment was temperature-controlled and remained
the same for all subjects during this pilot study.

Statistical analysis

Statistical analyses were performed using the SPSS, version
26.0, statistical software package. We analyzed the data for normal
distribution using the Sharpo-Wilk test. All data were normally
distributed so the repeated measure ANOVA was used to analyze the
data.

Baseline characteristics

A total of 23 subjects were assessed for eligibility and enrolled
in the study. One subject filled out the paperwork and pretesting
measures but never returned for the intervention and pupillometry
measures. Hence, 22 subjects completed the full testing protocol. Ten
subjects were male while twelve were female, and the mean subject
age was 35.5 years, with a range of 20 to 55 years.

Systemic effect of the neural therapy using 1% procaine injections

To determine the immediate effect of segmentally applied 1%
procaine injections on the ANS, the pupil diameter was compared
prior to the intervention with the pupil measurement taken
immediately after the injections (Postl) and 4 minutes later (Post2).
The assumptions for the use of parametric statistics was satisfied.
Thus, we employed the repeated measure ANOVA test to compare
the pre- and post-needling pupil diameter. The pupil diameter mean
for each of the measures for both eyes are reported in Table 1.

The repeated measure ANOVA with a Greenhouse-Geisser
correction showed that the mean pre-pupil diameter of the left eye
did not differed significantly between Postl and Post2 measures (F=
2.662, p=0.104). This test yieclded an observed power of 0.41. The
repeated measure ANOVA with a Greenhouse-Geisser correction
evaluating the mean pre-pupil diameter of the left eye relative
to gender did not differed significantly between Postl and Post2
measures (F= 1.78, p=0.193). This test yielded an observed power
0f 0.29.

The repeated measure ANOVA with a Greenhouse-Geisser
correction showed that the mean pre-pupil diameter of the right eye
did not differed significantly between Postl and Post2 measures
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N Mean Std. Deviation

Statistic Statistic Std. Error Statistic
GRCS 22 3.2273 41053 1.92556
age 22 35.5000 2.28561 10.72047
NASpre 22 2.9545 52421 2.45875
NASpost 22 1.3636 41895 1.96506
Pre L 22 107.1068 4.50064 21.10989
Pre R 22 120.4286 7.92713 37.18156
Postl L 22 108.1909 4.62668 21.70103
Postl R 22 118.5159 6.70901 31.46804
Post2 L 22 115.9764 7.21954 33.86265
Post2 R 22 125.8774 9.80207 45.97579
gender 22 1.5455 .10866 .50965

Table 1. Descriptive statistics sample

J

(F=0.692, p=0.42). This test yielded an observed power of 014. The
repeated measure ANOVA with a Greenhouse-Geisser correction
evaluating the mean pre-pupil diameter of the left eye relative
to gender did not differed significantly between Postl and Post2
measures (F= 1.21, p=0.30). This test yielded an observed power
of 0.21.

Change in self-reported pain levels

To determine the immediate effect of segmentally applied 1%
procaine injections on the self-report of pain we compared the NPRS
pretesting to the NPRS immediately 5-minute post testing. The Paired
sample t test was used. There was a significant reduction difference
in pretesting reported pain (M= 2.95, SD= 2.46) and the post testing
score (M= 1.36, SD=1.97); t(21)= 7.406, p< 0.01. (Table 2)

-

~

-

Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pair 1 NASpre 2.9545 22 2.45875 .52421
NASpost 1.3636 22 1.96506 41895
Paired Samples Test
Paired Differences
Mean Std. Std. 95% Confidence t df Sig.
Deviation Error Interval of the (2-tailed)
Mean Difference
Lower Upper
Pair 1 | NASpre- | 1.59091 | 1.00755 21481 1.14419 |[2.03763 | 7.406 21 .000
NASpost
Table 2. Change in pain levels

J

Global Rating of Change Scale

Each subject completed a Global Rating of Change Scale using a
5 point Likert scale (-5 indicating “very much worse”, 0 indicating
“no change”, and 5 indicating “Completely gone”) The mean score
was 3.22 (SD =1.92) supporting the hypothesis of an overall self-
perceived benefit from the intervention on their pain experience.

Discussion

The aim of this pilot study was to evaluate the immediate short-
term effect of the paravertebral application of neural therapy using
1% procaine at the cervicothoracic region in subjects with chronic
neck pain was on the autonomic nervous system. Additionally, it
set out to investigate the immediate self-perceived changes in pain
following neural therapy. The results of this study demonstrate that
neural therapy did not had have an immediate short-term systemic
effect on the ANS.

Neural Therapy is an approach to change the local resting potential of
nerve cells by introducing a local anesthetic, such as procaine. Due to
local disturbances this resting potential drops to about45mV. The lower
threshold creates chronic low-grade excitation, impaired intracellular

metabolism and ion exchange, and persistent inability to maintain
a normal resting potential, results in chronic neurophysiologic
instability [15, 17, 18]. This makes the nerve cell more susceptible to
stimulation. It has been proposed that Neural therapy is an approach
to treat disturbances of the autonomic nervous system [22]. This
can be achieved by segmental therapy where a local anesthetic is
introduced to the cutaneous branches of the of the deeper autonomic
nerves. This will increase its resting potential and refractory period
and thus irritability. We used automated pupillometry to measure
the pupillary response the segmental application of neural therapy.
Previous research has validated pupillometry as a reliable method
of assessing the autonomic nervous system without the presence of
examiner bias [48, 49, 58, 60, 61, 63, 66, 67, 75, 76]. The innervation
of the dilator pupillae muscle is sympathetic [52]. The sympathetic
nerve fibers originate in the superior cervical ganglion and reach the
dilator pupillae muscle through the trigeminal nerve [13, 46, 52]. The
superior ganglion receives its sympathetic secondary neuron from
the gray horn of C8-T3 [32]. For this reason, we applied the neural
therapy paravertebrally at the C7-T3 segments. It was previously
demonstrated that paravertebral dry needling in these segments leads
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to a change in pupil diameter due to a significant increase in activity of
the sympathetic nervous system lasting up to about 18 minutes [55].
The results of this study cannot support the premise that application
of neural therapy had a systemic effect on the autonomic nervous
system. This finding might be because the application of the 1%
procaine prevented this shift in functioning of the autonomic nervous
system. It could also be possible that there was a localized autonomic
effect, which would not have been detected by pupillometry. These
localized effects seem to occur regardless of what is injected and are
even reported with the use of a dry needle. Haker et al. [77]. reported
a change in autonomic baseline parameters after the use of needling
in the hand and Sandberg et al. [78] demonstrated increased blood
flow in the skin and muscles directly after needling.

The introduction of any needle to penetrate the skin will affect
the underlying connective tissue and neuromuscular system with or
without the use of any anesthetic. Although the exact mechanism
by which it works remains unknown, needling has many proposed
clinical benefits [79]. These effects include reductions in local and
central pain, biomechanical changes, vascular effects, and local
muscle twitch responses changing active trigger point activity [80-
84]. The results of this study support the hypothesis that neural
therapy using 1% procaine has an immediate effect on localized
pain perception and subject were able to identify that something had
positively changed after the treatment. This is consistent with other
reports where the introduction of needles in localized tissue led to an
immediate increase pain threshold and ROM, decrease muscle tone,
and decrease pain [82, 85-87]. One limitation of this study was the
fact that subject pain response was assessed immediately S-minutes
after the injection and there might not have a long term pain reduction
effect.

In order for nociceptive information to result in pain awareness,
the central nervous system will have to recognize either direct tissue
trauma and potential threat to the body [14, 88, 89]. This assumption
concurs with the finding reported by Wang et al. [90] that regardless
of the diameter of the needle used to penetrate the skin, some pain
will be experienced as a result of the needle penetration. Soreness
after injections is reported as a common side effect. Researchers have
previously suggested that this soreness results from neuromuscular
tissue damage, possible bleeding of blood vessels, and an initial
inflammatory response [91, 92]. These findings support our
observation of an overall increase in pupil diameter after needle
placement, although not significant. What is not clear by this study is
why we observed an increased sympathetic activity and the subjects
reported decreased pain levels. The localized introduction of 1%
procaine likely played a role in this decreased localized perception
of pain and it could be that the more systemic changes in autonomic
nervous system would have taken longer to be achieved and thus was
missed due to our measurement protocol.

To our knowledge, this study is the first study that has attempted
to measure the autonomic nervous system effect of a segmental
application of neural therapy. Although we can support the immediate
effect of neural therapy on the pain experience, it did not create a
significant measurable systemic change in autonomic nervous
system functioning. The results of this pilot study identify that
additional research is needed to determine if a systemic effect of the
autonomic nervous system occurs after a longer period of time. The
design of this pilot study has several limitations. First, it had a small
subject sample, which limits the generalizability of the findings.
Additionally, gender representation was not equal, as the subject
sample included 10 males and 12 females. However, it is unlikely
to have negatively affected the outcome of this study, since it was
previously demonstrated that there seems to be no gender difference
in pupil response for low levels of painful stimuli [93]. Ellermeier
and Westphal [93] found no gender difference in pupil response
for low levels of painful stimuli which is supported by the findings

of this study. Although the practitioners applying the neural therapy in
our subjects had a significant amount of experience the initial needle
penetration certainly could have contributed to the sympathetic
responses that we observed in our subjects. We did not control for this
potential issue. The subjects of this pilot study were selected based
on the presence of neck pain. The subjects reported a mean NPRS
of 3.0. The results of this pilot study could be different in subjects
with higher levels of NPRS and or different pain conditions, which
should be considered in follow-up studies. Additionally, the inclusion
criteria did not control for substances that could have an effect on the
autonomic nervous system. This was intentional because one cannot
control this in patients either. We have to consider that this might
have affected the study results.

Conclusion

Neural therapy using 1% procaine has an immediate effect on
localized pain perception with eight paravertebral 1% procaine
injections at the level of C7-T3. What is not clear by this study is
why an increased sympathetic activity was observed and the subjects
reported decreased pain levels.

Conflicts of interest/Competing interests: Authors report
no conflict or competing interest.
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