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Abstracts
Introduction: Neck pain and dysfunction are often the results 
of structural imbalances between the thoracic and cervical spine, 
including the suboccipital region. Myodural bridges between the 
suboccipital musculature, cervical fascia, and central nervous 
system present an essential consideration for the suboccipital release 
technique (SRT). Previous studies demonstrated local and systemic 
effects following SRT. Systemic effects resulting from SRT are likely 
due to the somatic influence on the autonomic nervous system (ANS). 
Previous research has suggested this influence. No prior studies have 
investigated the direct effect of SRT on the ANS in real-time. The 
ANS can be indirectly measured by pupil diameter.
Purpose: To determine the immediate and short-term effect of the 
suboccipital release on the ANS system in a subgroup of healthy 
individuals.
Methods: Twenty-seven subjects were screened for red flags and 
factors which may bias the ANS. The subjects underwent baseline 
pupillometry measurement, administration of SRT, and subsequent 
pupillometry measurement. Subjects also completed a Global Rate 
of Change Scale (GROC) following testing.
Results: The mean pre-pupil diameter of the left eye did not differ 
significantly between Post1 and Post2 measures (F= 0.942, p=0.395). 
For the right pupil assessment, the non-parametric Friedman’s test of 
differences among repeated measures was conducted and rendered 
a Chi-square value of 1.407, which was non-significant, p=0.495. 
Five subjects reported feeling unchanged after the measurement 
phase (18.5%). Nine subjects reported a “1“ score of change (33.3%, 
seven subjects reported a “2” score of change (25.9%), and 6 subjects 
reported a “3” score of change (22.25%). The mean score was 1.5185 
(SD=1.05 and a SE=0.202).
Conclusion: This study’s results demonstrate that the SRT did not 
have a significant immediate short-term systemic effect on the ANS. 
There was an overall perception of our subjects that something 
beneficial changed based on the GROC.
Introduction
   Forward head posture is a common clinical presentation. It presents 
as a misalignment of the head on the trunk, causing the surrounding 
musculoskeletal system to compensate. The cervical spine posterior

musculature becomes shortened and tightened while the anterior 
musculature becomes lengthened and weakened with stress on the 
intervertebral disc, ligaments, muscles, facet joints, dura, and nerve 
roots [1]. This imbalance results in neck dysfunction and pain for 
which individuals will seek healthcare [2, 3]. Neck pain can arise 
from any structure in the neck and thoracic spine including the 
suboccipital region [4, 5].
   The motion of the suboccipital region is controlled by several 
groups of both smaller and larger muscle groups. Roijezon et al. [6] 
demonstrated that abnormal cervical functioning would change the 
proprioceptive awareness coming from this region. Proprioception 
is the information sent by mechanoreceptive neurons to the brain, 
informing it of the position of the neck, head, and any positional 
changes. There is an exceptionally high density of mechanoreceptors 
in the suboccipital musculature [6]. With cervical dysfunction, 
proprioception may be impeded by inflammation, abnormal muscle 
tone and pain. Fascial connections between the rectus capitis 
posterior minor, rectus capitis posterior major, and the obliquus 
capitis inferior muscles, and the dura have been identified previously 
[7, 8]. The significance of this “myodural bridge” is that besides 
the neurogenic relationship between the head and neck, including 
proprioception, there is a direct anatomical connection between the 
suboccipital musculature, cervical fasciae, and the central nervous 
system. Furthermore, this relationship is supported by the fact that 
many clinicians experience the phenomenon of neural tension when 
treating patients with neck pain and headaches [9-11].
   This anatomical connection between the suboccipital musculature 
and the central nervous system is essential when considering the 
direct effects of the Suboccipital Release technique (SRT). The 
Suboccipital Release technique is also termed nuchal line inhibition. 
Rodriguez-Huguet et al. [12] demonstrated that the SRT has a 
positive short-term effect on pain and pain pressure threshold in 
subjects with neck pain. Kim and Lee identified that SRT could 
result in an immediate change in muscle tone [1, 13]. There is also 
evidence to support the more general effect of the SRT. Cho et al. [14] 
demonstrated an immediate change in length of the hamstrings after 
the suboccipital release technique was applied.  Considering the lack 
of direct segmental relationship between these regions, it suggested 
an overall central effect. The only system with a relationship between 
the high cervical region and other regions of the body would be the
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autonomic nervous system (ANS). This relationship was supported 
by Metzler-Wilson et al. [15] who demonstrated that SRT can change 
the functioning of the ANS, especially when pain is induced.
   Because the central nervous system functions as one single unit, 
both the somatic and ANS will be influenced by each other, and 
muscle tonicity and shorting in the suboccipital region could affect 
the ANS [16-18]. There are several interaction between the somatic 
and autonomic nervous system both in the periphery and centrally 
[19, 20]. The consequences of these interaction are many and should 
be considered therapeutically. As an example, the regulation of 
muscle blood flow is controlled by the sympathetic nervous system 
[21-24]. Increased sympathetic activity will result in peripheral 
vasoconstriction and will reduce blood flow through the tissues [21]. 
If this state of increased sympathetic activity remains for a prolonged 
period of time ischemic changes in tissues can occur. This has been 
related with the development of myofascial trigger points. There will 
be a higher risk of tissue damage during the performance of routine 
activities [25].
   The activity of the autonomic nervous system and its components 
can be assessed clinically [26, 27]. The pupil of the eye is 
exclusively innervated by the ANS, and thus ANS activity can be 
measured indirectly by pupil monitoring [28-31]. The pupil dilator 
muscle is innervated by the sympathetic nervous system and the 
parasympathetic nervous system innervates the pupil constrictor 
muscle. The diameter of the pupil at any given time is the reflection 
of the real-time balance between the activity of the sympathetic 
system and parasympathetic activity [26, 32, 33]. Previous studies 
have used fully automated pupillometry to capture the pupil diameter 
in real-time [34-36]. No the previous studied have been reported of 
the direct effect of the SRT on the ANS. Therefore, this study aimed 
to determine the immediate and short-term effect of the suboccipital 
release on the autonomic nervous system in a subgroup of healthy 
individuals. It was hypothesized that a reduction in muscle tone 
should lead to an overall reduction of sympathetic activity. The 
secondary aim of this study was to investigate if the suboccipital 
release technique was perceived as creating a change using Global 

Rate of Change (GROC) and if this correlates to a change in nervous 
system activity.
Material and methods
   A quasi-experimental pilot study design with a convenience 
sampling method was used for this study. Subjects were recruited 
from the staff and students of Florida Gulf Coast University in Fort 
Myers, Florida. Data collection took place between September 2019 
and November 2019. This study received Institutional Review Board 
(IRB) approval from Florida Gulf Coast University.
Subjects
   Because this was a pilot study, a power analysis was not performed. 
Twenty-seven subjected were recruited for this pilot study. All 
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 English language fluently. The subjects were screened for 
by the treating physical therapist for any red flags and potential 
reasons for not undergoing the testing. Additional exclusion criteria 
included: evidence of central nervous system involvement, including 
hyperreflexia, nystagmus, loss of visual acuity, vertigo, an impaired 
sensation of the face, altered taste, and the presence of pathological 
reflexes.
Automated measures
   The pupil diameter is a direct reflection of the functioning of the 
autonomic nervous system and can be measured directly in real time 
[29, 31, 33, 37-39]. In this study, 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 
parasympathetic nervous system’s activity is greatly reduced 
and, therefore, an increase in pupil diameter indicates a relatively 
unopposed activation of the sympathetic nervous system [32, 39, 
40]. Infrared cameras are built into the goggles, allowing for direct 
measurement of the pupil diameter of both eyes simultaneously 
(Figure 1).

Figure 1. Vorteq pupillometry display.
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   The use of fully automated pupillometry devices have been 
reviously reported [28, 31, 35, 36, 41-46]. The measurement error is 
minimal and pupil changes of less than 0.2 mm can be detected [44, 
46-48]. Intra-rater repeatability of automatic pupillometric devices 
is strong, with the coefficient of repeatability ranging from 0.6 to 
1.4 mm [41, 42]. The pupillometry’s sensitivity and reliability to 
evaluate the autonomic nervous system has been shown previously 
[28, 49-51].
Pupillometry Testing
Study Protocol
   All subjects provided written consent before participating in the 
study. All subjects completed a brief self-response survey, which 
collected data on the subject’s recent caffeine and over the counter 
Non-Steroidal Anti-Inflammatory (NSAID) medication use, and if 
the subject was experiencing pain at the time of data collection. 
Measurement position
   During the measurement phase, all subjects were in a comfortable 
supine position with the head resting on a pillow. This position was 
chosen because this is the position that is clinically most commonly 
used 13,14. It is the most comfortable position to deliver the SRT. 
Additionally, it allows the goggles to be worn comfortably and 
to guarantee that the infrared 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 [52].
Measurement and Suboccipital Release 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 underwent the SRT. 
Both hands of the clinician cradled the subjects head. The dorsum 
of bilateral hands rested on the treatment table, and the fingertips of 
fingers 2 through 5 were placed in the suboccipital region bilaterally. 
After this, the MTP joints were flexed 90 degrees and the PIP and 
DIP joints were extended. This hand and finger position resulted in an 
elevation of the neck and head, with concurrent pressure generated 
in the suboccipital tissues due to gravitational force on the head. This 
position was maintained until the clinician perceived a noticeable 

reduction in tone in the suboccipital muscles. Directly following the 
SRT, a continuous pupil measurement of both eyes was performed 
for 60-seconds. After 3-minutes the third and final 60-second 
pupil measurement was taken, which completed the pupillometry 
measurement phase. The testing environment was temperature-
controlled and remained the same for all subjects during this pilot 
study.
Global Rate of Change Scale
   Immediately following pupillometry testing, subjects were asked 
to complete a Global Rate of Change (GROC) scale. The GROC was 
used to determine if they felt any change after the administration of 
the suboccipital release. Additionally, the subjects had the opportunity 
to record any additional comments regarding the suboccipital release 
or their participation in the trial.
Statistical analysis
   Statistical analyses were performed using the SPSS, version 26.0, 
statistical software package. The data were analyzed for normal 
distribution using the Sharpo-Wilk test. All data were normally 
distributed for the left pupil, so the repeated measure ANOVA was 
used to analyze the data. The pre-pupil measurement and the post1 
measurement for the right eye were not normally distributed so non-
parametric Friedman’s ANOVA analysis was used to analyze the 
data.
Results
Baseline characteristics
   A total of 27 subjects were assessed for eligibility and enrolled in 
the study. Twelve subjects out of 27 subjects were male (44.4%), 
while 15/27 were female (55.6%), and the mean subject age was 
27.29, with a range of 21 to 60 years.
Systemic effect of the suboccipital release technique
   In order to determine the immediate effect of the SRT on the ANS, 
the pre-test pupil diameter was compared with the pupil measurement 
taken immediately after the SRT(Post1) and 4 minutes later (Post2). 
The assumptions for the use of parametric statistics were satisfied for 
the left eye. Thus, a repeated measure ANOVA test was performed to 
compare the pre- and post-SRT pupil diameter. The assumptions for 
the use of parametric statistics were not satisfied for the right eye. 
Thus, the Friendman’s ANOVA test was performed to compare the 
pre- and post-SRT pupil diameter. For the pupil diameter mean for 
each of the measures, see Table 1 for both eyes.

Descriptive Statistics
pre left 115.7915981 30.78120030
post 1 left 112.0640759 33.53025192
post 2 left 111.1023396 30.18374298
pre right 112.4629207 39.90349651
post 1 right 111.4330167 34.18511140
post 2 right 106.0717430 19.68544354

Table 1. Descriptive statistics both eyes pre and post SRT

Left pupil: 
   The repeated measure ANOVA with a Greenhouse-Geisser 
correction showed that the mean pre-pupil diameter of the left eye did 
not differ significantly between Post1 and Post2 measures (F= 0.942, 
p=0.395).  This test yielded an observed power of 0.203. (Table 2)
Right pupil
   The non-parametric Friedman’s test of differences among repeated 
measures was conducted and rendered a Chi-square value of 1.407, 
which was non-significant at p=0.495.

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”). Five subjects 
reported feeling unchanged after the measurement phase (18.5%). 
Nine subjects reported a “1“ score of change (33.3%, seven subjects 
reported a “2” score of change (25.9%) and six subjects reported a “3” 
score of change (22.25%). The mean score was 1.5185 (SD=1.05 and 
a SE=0.202), supporting the hypothesis of an overall self-perceived 
benefit from the intervention.
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Measure:   MEASURE_1 Tests of Within-Subjects Effects
Source Type III Sum 

of Squares
df F Sig. Partial Eta 

Squared
time S p h e r i c i t y 

Assumed
331.277 2 .942 .396 .035

Greenhouse-
Geisser

331.277 1.955 .942 .395 .035

Error (time) S p h e r i c i t y 
Assumed

9138.891 52

Greenhouse-
Geisser

9138.891 50.824

Table 2. The repeated measure ANOVA left eye.

Discussion
   This study aimed to evaluate the immediate short-term effect of the 
suboccipital release technique in a subgroup of healthy subjects on 
the autonomic nervous system. Additionally, it set out to investigate 
the short-term self-perceived changes following the SRT. This study’s 
results demonstrate that the SRT did not have a significant immediate 
short-term systemic effect on the ANS.
   It was previously demonstrated that the SRT would have a systemic 
effect [14]. It appears that these effects cannot be explained through 
peripheral and segmental relationships [14]. The most appropriate 
system that could achieve remote changes is the autonomic nervous 
system (ANS). This is supported by the findings of Metzler-Wilson 
et al. [15] who demonstrated that SRT can change the functioning 
of the ANS. We used automated pupillometry to measure the 
pupillary response to the manual application of pressure force in the 
suboccipital region. Previous research has validated pupillometry as 
a reliable method of assessing the autonomic nervous system without 
the presence of examiner bias [28, 29, 39, 41, 42, 44, 47, 48, 53, 54].
   To our knowledge, this pilot study is the first of its kind that has 
attempted to measure the immediate effect of the SRT on the overall 
activity of the autonomic nervous system. This study supports 
the findings of Rodriguez-Huguet et al. [12] that the SRT has a 
positive short-term effect on pain. Although we used asymptomatic 
individuals for this study, 81.5% of our subjects reported feeling 
better after the application of the SRT.
   Based on the pupillary changes observed and the GROC results, 
it appears that there was an immediate effect of the SRT on the 
nervous system. However, it did not create a statistically significant 
measurable systemic change in autonomic nervous system funct-
ioning. The sympathetic nervous system innervates the pupil dilator 
muscle and the parasympathetic nervous system innervates the 
pupil constrictor muscle. The diameter of the pupil at any given 
time is a reflection of the real-time balance between the activity of 
the sympathetic system and parasympathetic activity [26, 32, 33]. 
Our results indicate a more constricted pupil in both eyes in each 
measure point post SRT. A constricted pupil implies a more dominant 
parasympathetic or decreased sympathetic activity. One reason for 
this non-significant finding could be the relatively small sample size.  
This pilot study results demonstrate a trend in which pupil diameter 
decreased in each post-intervention measurement. It could be 
possible that if there were additional measures passed the 4-minute 
post-intervention time frame a significant change in pupil diameter 
could be found. Additional research is needed to evaluate the longer-
term effect of the SRT on the ANS.
   The superior cervical vertebral column is a very complex anatomical 
region. There appears to be a clear anatomical relationship between 
muscular, ligamentous, soft tissues, and the dura mater in the high 
cervical region. Individuals with cervical related dysfunctions can

present clinically with a variety of musculoskeletal myofascial 
syndromes in the upper quadrant and reduced active and passive 
movements [55] Cervical dysfunction often leads to the typical 
upper cross muscle syndrome with forward head posture [56]. In 
this position, the head is relatively forward, and this will lead to a 
posterior rotation of the occiput on the atlas and a relative backward 
bend of the atlas on the axis in the sagittal plane. This upper cervical 
spine position will result in forward flexion of the lower cervical 
vertebrae and increased lordosis in the mid to upper cervical 
region. In this position muscle adaptation will occur over time. The 
suboccipital muscles (rectus capitis posterior major, rectus capitis 
posterior minor, obliquus capitis superior, and obliquus capitis 
inferior), sternocleidomastoid, and scalenes are kept in the shortened 
position, which could lead to muscular tightness. In a study by 
Fernández de las Peñas et al. [57], the degree of forward head posture 
was positively correlated with the presence of suboccipital trigger 
points. Scali et al. [8] and  Pontel et al. [7] suggest that increased 
tension of the suboccipital muscles could result in neural tension due 
to the presence of the myodural bridges. Kim and Lee identified that 
SRT could result in an immediate change in muscle tone [1, 13]. The 
results of our study support this finding and thus supports the notion 
that the Suboccipital Release Technique can be used as a clinical 
approach to directly reduce muscle tone in the suboccipital region.  
This concurs with the findings of Jiang et al. [58], who demonstrated 
that the use of SRT was beneficial in a treatment approach for subjects 
with tension-type headaches.
   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 12 males and 15 females. However, it is 
unlikely to have negatively affected this study’s outcome since it was 
previously demonstrated that gender difference had no impact on the 
pupil response to stimuli [59]. Although asymptomatic individuals 
were during this study it is possible that the initial application of the 
force through the fingers of the clinician to the suboccipital region 
was experienced as uncomfortable by the subjects and thus affected 
the pupil measurements. We did not control for this potential issue.  
The subjects for this pilot study were selected through convenience 
sampling, and the results of this pilot study could be different in 
subjects with painfull conditions, which should be considered in 
follow-up studies. Based on the fact that pain has a direct stimulating 
effect on the sympathetic nervous system follow up studies should 
evaluate if a “pain subject group” would have a different response 
than the subjects in this pilot study on the SRT. Additionally, the 
inclusion criteria did not control for substances that could affect the 
autonomic nervous system such as caffeinated beverages and or OTC 
medication. This was intentionally not controlled, as this is typically 
not controlled during patient care either. However, we have to 
consider that this might have affected the study results. Furthermore,
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there was no control of the age of the subjects and it is possible this 
could have affected the pupillary response.
Conclusion
   This pilot study’s results demonstrate that in a subgroup of healthy 
individuals the suboccipital release technique results in decreased 
muscle tone in the suboccipital region and a decreased diameter of the 
pupils of both eyes. A pupil constriction would imply a reduction in 
the activity of the sympathetic nervous system; however, the results 
were not statistically significant. There was an overall perception of 
our subjects that something beneficial changed based on the Global 
Rating of Change Scale.
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