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Abstract

Objective: This study investigated if differences in autonomic nervous system activity exist in patients with chronic neck
pain as compared to controls measured by using a fully automated pupillometry system.
Methods: 100 chronic neck pain subjects and 50 controls participated in this quasi-experimental study design evaluating
the effect of chronic pain on the autonomic nervous system using a fully automated method of pupillometry. The Chi-
square test for categorical data was used to establish homogeneity of baseline characteristics. The Mann-Whitney U test
determined the difference in pupil diameter between the chronic neck pain group and the healthy control group. The
Spearman’s rho test was used to relate the pupil diameter to the Neck Disability Index (NDI) scores, subject’s age, and the
duration of chronic neck pain.

Results: This study demonstrated that the chronic neck pain group had a statistically significant smaller pupil diameter
than the healthy control group (p=0.022). This study showed that there was no relationship between the NDI scores and
the pupil diameter change. However, there was a weak to moderate correlation between age and pupil size (p<0.001),
indicating that there is a significant negative relationship and that the pupil diameter decreases with age. There was a
weak but non-significant correlation between the pupil diameter and the duration of chronic neck pain (p>0.05).
Discussion: The results of this study demonstrate that subjects with chronic neck pain exhibited a smaller pupil diameter

than healthy controls. This is a direct indication of an altered autonomic balance.
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Abbreviations: NDI: Neck Disability Index; VAS: visual Introduction

analog scale.
Chronic pain prevalence ranges from 2 to 40% in the

general population.! Amongst the many pain disorders,
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the occurrence of chronic spinal pain has been reported to
be as high as 54 to 80% [1-3]. Chronic pain associated
with the cervical spine has been reported to occur in up to
60% of patients 5 years or longer after the initial reports
of symptoms [1,4,5]. Chronic neck pain results in
significant health care cost, the inability to work, and loss
of work-related productivity [6-8]. Jette, et al. [9] found
that about 25% of all patient visits in outpatient clinics
are for the management of neck pain. Physical therapists
have been using manipulation as an intervention in the
management of patients with neck pain [10-14] for a long
time and it is a modality with proven effectiveness [15].

Chronic pain, pain that exists beyond the normal time
line of tissue healing [1], can involve both local and
central mechanisms. At the local level, nociceptive
stimulation 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 [16-18]. Chemical
mediators such as serotonin, bradykinin, and potassium
are effective stimulants for nociceptors lowering their
facilitation threshold [17-22]. It appears that these
substances, which can be generated in local tissues, can
cause a prolonged hypersensitivity of peripheral nerves

resulting in  peripheral sensitization [21-24].

When ongoing, or tonic, nociceptive information as a
result of peripheral sensitization reaches the spinal cord,
it appears that there is a change in processing of central
nociceptive information [25]. A lowering of threshold for
excitation of the inter-neurons in the spinal cord occurs,
which will result in an increased central discharge on
relatively normal effective inputs and inputs that

previously did not exceed facilitation threshold [26].

The central nervous system functions as one single
unit (Figure 1), therefore, the somatic and autonomic
nervous system will have direct interaction at the level of
both the central and peripheral nervous system, and their
functioning will be influenced by each other [27-29].
Several areas of interaction between the somatic and
autonomic nervous system have been identified in the
periphery, dorsal horn of the spinal cord, brainstem, and
forebrain [30,31]. In a state of either peripheral or central
sensitization, hyperactivity is taking place at the level of
nociceptive input in the spinal cord [32]. As a result,
corresponding over-activity in the lateral gray matter and
an expected increase in sympathetic activity will be
present [32,33].
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Figure 1: Central nervous system.

Pain has a stimulating effect on the sympathetic
nervous system [34-36]. The regulation of skeletal muscle
blood flow is controlled by the sympathetic nervous
system [37-40]. An increased sympathetic activity will
lead to a constrictive tendency of blood vessels in the

periphery, which could lead to a state of orthostatic
hypotension and activity intolerance [40]. Prolonged
sympathetic activity can lead to ischemic changes,
resulting in higher risk of tissue damage during the
performance of normal activities [41].
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Because the close relationship between pain and the
autonomic nervous system, its parameters are often
regarded as objective measures of pain in humans [42].
Several ways to assess the activity of the autonomic
nervous system and its components have been identified
in the literature. Traditionally, the autonomic symptoms
consisting of vasomotor, sudomotor disturbances and
trophic changes have been observed and measured
[43,44]. The parameters of interest have been the heart
rate, local blood flow in the periphery, and the sweat
response. More recently, an interest has emerged to
measure the pupil diameter to obtain a direct impression
of autonomic functioning [45-48]. A dilation of the pupil is
aresult of a simultaneous increase of sympathetic activity
and a decrease of parasympathetic activity [17,43-49].

In a situation of central sensitization, the human body
will be in a state of ‘attention’ and will be ready for
movements and postural planning that will avoid pain
[31]. Such activity can negatively impact functional
abilities and treatment outcomes. To date no studies have
compared autonomic nervous system activity by
measuring the pupillary size between individuals with
chronic neck pain and healthy controls. Hence the
purpose of this study is to investigate if differences in
autonomic nervous system activity exist in patients with
chronic neck pain as compared to controls.

Material and Methods

Subjects

Consecutive patients with chronic cervical pain were
recruited from 5 outpatient physical therapy clinics in
Indiana. For the purpose of this study, cervical pain was
operationally defined as the presence of non-specific pain
in the cervical and cervicothoracic region down to T4,
which was provoked with neck movements [50,51].
Chronicity was operationally defined as the presence of
pain that had not subjectively changed much in intensity,
and had been present for at least three months [52].

An age matched healthy control group was recruited
through direct advertisement in the local newspaper and
by postings in the participating outpatient clinics. All
available subjects were screened for the inclusion and
exclusion criteria of this study. The inclusion criteria
included being between the ages of 18 and 65 and able to
speak and read the English language fluently. Subjects
were excluded from this study if they were previously
diagnosed with autonomic diseases such as the Horner’s
syndrome; had a history of current neurological; ocular,
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and / or retinal disease; used two or more alcoholic
beverages daily; or trained for endurance sports. After
obtaining physician approval, the chronic cervical pain
group subjects were instructed not to take any medication
that could alter the functioning of the autonomic nervous
system for at least 24 hours prior to participating in the
study. If physician approval could not be obtained the
subject was not eligible to participate in the study. All
subjects were instructed not to consume caffeinated
drinks, smoke, or eat anything for at least 12 hours prior
to the study. If at the time of measurement, the healthy
control subject were experiencing any pain or taking any
medication they were also excluded from this study. This
study received Institutional Review Board approval from
NOVA Southeastern University. All subjects provided
written consent prior to participating in the study.

Self-Reported Measures

The visual analog scale (VAS) was used to assess pain.
The VAS consists of a 100-millimeter line with an anchor
at each end. The left anchor indicated “ no pain” and the
right anchor indicated “the worst pain imaginable”
[53,54]. The validity and reliability of the VAS has been
previously reported for patients with acute and chronic
pain [53,55-59]. The VAS is a widely used clinical
assessment tool allowing the individual to record small
changes in pain intensity, and scoring of the test is simple
and fast [58].

The Neck Disability Index (NDI) was used to measure
each subjects level of reported disability [8,51,60-62]
Content, construct validity, and reliability of the NDI has
been previously shown in patients with neck pain
[60,63,64].

Automated Measures

To obtain a measure of autonomic nervous system
activity, the pupil diameter can be measured directly via
automated pupillometry [46,48,49,65-67]. The pupil
responses, during this study, were measured with the
fully automated Vorteq® system. The Vorteq® system for
recording of the pupil reaction was developed by
Micromedical Technologies, Inc (Chicago, Illinois). It
includes goggles, which the subject wears during the
measurement, that create a completely dark environment
for both eyes. An infrared camera was attached to the
goggles, allowing measurement of the pupil diameter of
the right eye (Figure 2). Fully automated pupillometry
devices have been used previously in a number of studies
investigating autonomic nervous system activity
[45,48,68-73]. The measurement error has been shown
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to be minimal and differences smaller than 0.2 mm will be
detected [71,73-75]. It has been previously demonstrated
that the intra-rater repeatability of automatic
pupillometric devices is good, with coefficient of
repeatability ranging from 0.6 to 1.4 mm [68,69]. The
diameter of the pupil can be considered as a direct
reflection of the “live” balance between the
parasympathetic and the sympathetic nervous systems
[76].

Figure 2: Goggles, with the infrared camera attached to
the right eye.

The previous “gold standard” to evaluate the pupil
diameter was a direct manual measure using a ruler or
the Rosenbaum card [68]. The methods of automated
pupillometry have a superior capacity to measure small
difference (<0.5mm) in the pupil with greater accuracy
than the human eye can detect with the manual method
[74,75,77-79]. Several studies have evaluated the
correlation between autonomic function tests and
pupillometry and have shown that there is a significant
correlation [78,79]. Other studies have shown that
pupillometry is sensitive enough to identify autonomic
differences [45,75,80,81].

Study Protocol

All subjects were in complete darkness during the
pupillometric measurement phase of this study. The
darkness was achieved by the goggles placed on the
subject’s head, which allowed for a constant maximum
pupil diameter during the pupil measurement without the
influences of light.

During the measurement phase, all subjects were
placed in the supine position with the knees slightly
flexed over a bolster and the head, with the goggles in
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place, was placed on a pillow in a neutral position of the
cervical spine. After three minutes of accommodation to
the dark environment, the pupil of the right eye was
measured, by the infrared camera at a frequency of 50Hz,
continuously for a sixty second duration.

Statistical Analysis

Data analyses were performed using the SPSS, version
14.0, statistical software package. The Chi-square test for
categorical data was used to analyze the gender
distribution amongst both groups. Analysis of the
skewness and kurtosis of the distribution of the pupil
diameter in both groups showed a non-normal
distribution, therefore, the assumption for the use of
parametric statistics was not satisfied. Hence, a
nonparametric analysis was necessary. The Mann-
Whitney U test was used to determine the difference in
baseline pupil diameter between the chronic neck pain
group and the healthy control group. The Spearman’s rho
test was used to relate the pupil diameter to the NDI
scores, age, and the duration of chronic neck pain.

Results

Baseline Characteristics for both Groups

A total of 135 consecutive chronic neck pain subjects
were assessed for eligibility. Twenty-six patients refused
to participate and 8 did not have physician approval. The
remaining 101 subjects were enrolled in the study. One
subject with chronic neck pain was removed during the
measurement phase because the subject was unable to
keep their eye in a position such that the infrared camera
could measure the pupil. Additionally, 50 age matched
control subjects were selected. A total of 150 subjects
completed the testing protocol. Demographics for the
subjects with chronic neck pain and controls can be found
in Table 1. No significant differences between baseline
variables existed between both groups.

Gender
Mean [Mean duration of
Age symptoms

female | male

Pain Group 77 23 |44.77 24.3 months
Control Group | 37 13 |43.48
P-value 0.685 0.507

Table 1: Baseline demographics.

Pupil Diameter

The graphic distribution of pupil diameter for both the
chronic neck pain and control group can be seen in Figure
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3. Given that both groups had non-normal distributions
with outliers, the Mann-Whitney U test was performed
[82]. The chronic neck pain group exhibited a statistically
significantly smaller median pupil diameter than the
control group, p=0.022 (Table 2).
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Figure 3: Plot distribution for the pretest pupil
diameter for the pain vs. control group.

Mean Pupil diameter
Pain Group 146.69
Control Group 161.19
P-Value 0.022

Table 2: Mean pupil diameter of both groups.

Correlation between Pupil Diameter and NDI
Scores, Age, and Duration of Pain

Although there was a weak correlation between the
pupil diameter and the NDI score it was not statistically
significant (r(148)= -0.093, p>0.005). There existed a
weak to moderate correlation between age and pupil size
(r(148) = -0.329, p<0.001), indicating that there is a
significant negative relationship and that the pupil
diameter decreases with age. There was a weak but non-
significant correlation between the pupil diameter and
the duration of chronic neck pain (r(98)=-0.071, p>0.05).

Discussion

The results of our study demonstrated that patients
with chronic neck pain exhibited smaller pupil diameter
than healthy controls. We used automated pupillometry
in this study to capture the pupil diameter, which has
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been shown to be a valid and reliable method of assessing
nervous system activity [45,46,67-69,71,74-77,83].
Therefore, it appears that chronic neck pain may impact
autonomic nervous system activity, which could have
therapeutic implications for physical therapists.

In a dark environment, the activity of the
parasympathetic nervous system is greatly reduced and,
therefore, the pupil diameter is determined by the activity
of the sympathetic nervous system [67,76]. When in a
complete dark environment the subject displayed an
increase in pupil diameter. This increased pupil diameter
would be indicative of a relative unopposed increase in
activity of the sympathetic system [17]. If there is pupil
constriction, this would be indicative of a relative
decrease in activity of the sympathetic system [17].
However, we cannot make causal inferences from the
current study regarding the impact of chronic pain as
other variables may impact pupil size and autonomic
function [46,48,84,85].

The overall functioning of the autonomic system will
determine the overall homeostasis and the ability of the
body to regain local homeostasis after tissue trauma. Pain
has the simultaneous effect of activating the central
sympathetic pathways and inhibiting the parasympathetic
pathways [34-36,85]. Therefore, it seems logical to
assume that a group of chronic cervical pain patients
would have shown an overall larger pupil diameter than a
healthy pain free control group. Although there was a
significant difference in pupil diameter between the
chronic cervical pain group and the healthy control group,
the study results show that the chronic cervical pain
group had a smaller pupil diameter. Similar to the
findings of Bertinotti, et al. [45] and Bakes, et al. [76] the
findings of this study did not support the principle that
chronic cervical pain leads to an increased pupil diameter.
Additionally, this study showed that there was no
correlation between the duration of chronic cervical pain
and the pupil diameter. This might have been the result of
a possible down regulation within to sympathetic nervous
system in chronic pain patients resulting in a decreased
pupil diameter in the dark when compared to the healthy
controls. Additional research should further investigate if
such down regulation occurs.

The normal pupil size ranges between 10 to 85 mm
[35,68,86,87]. There have been reports that the pupil
diameter decreases with age, [46,73,87] which concurs
with our findings that there was a weak to moderate
negative correlation between age and pupil diameter in
the subject population of this study.
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A potential limitation of pupillometry is the fact that
each pupil has a slightly different curvature; therefore, the
distance between the infrared camera and the eye is not
the same for each subject. Twa, et al. [74] have reported a
similar concern during their assessment of pupil diameter
using a digital camera. The pupil diameter between
subjects with chronic neck pain and healthy controls
might have been different as a result of this difference in
pupil curvature amongst subjects. However, considering
the sample size used in this study we would expect that
this effect should have been neutralized over both groups.

There could have been a number of other variables
that might have created pupillometric variations. Tyron
[88] reports on the fact that fatigue, alertness, and
relaxation effects the pupil diameter. Blinking temporarily
reduces the pupil diameter, sometimes even to 0.0 during
the measurement. To reduce the blinking effects, all pupil
measurement deviations larger than one standard
deviations of the mean pupil size were considered to be a
blink and was eliminated from the data [65].

Conclusion

The results of this study demonstrated that patients
with chronic cervical pain display a smaller pupil
diameter than a healthy control group. This is a direct
indication of an altered autonomic balance. This altered
balance could have clinical implications for physical
therapists when choosing modalities to effectively treat
patients with chronic neck pain. Additionally, age is
inversely related to pupil diameter. Future studies should
investigate if acute pain has a different effect on the
sympathetic nervous system compared to the chronic
pain group used in this study. Pupillometry offers a valid
and reliable assessment tool to evaluate the effect of
treatment modalities on the autonomic nervous system.
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