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Abstract
Background: Studies have supported a right left hemispheric bias in depression for over 3 decades. The
purpose of this study was to assess the role of the craniocervical junction (CCJ) in depression and to
evaluate possible hemispheric bias between right and left atlas laterality.
Methods: One hundred and four patients presenting in 5 different clinics completed the Goldberg
Depression Scale. Subjects repeated these surveys following 6 weeks Knee Chest Upper Cervical Specific
(KCUCS) technique focused on improving craniocervical junction alignment and function.
Results: Statistically significant improvements were found for both right and left laterality groups
following 6 weeks care. Right atlas laterality group reported more symptoms of depression on the initial
survey and responded more favorably to care.
Conclusion: The KCUCS technique was found to have improved depression symptoms. The findings appear
to be consistent with the right left hemispheric bias model for depression. More studies are encouraged to
further evaluate these observations and the role of the CCJ in symptoms of depression.
Keywords: Depression, Craniocervical Junction, Upper Cervical Chiropractic, Hemispheric Model, Atlas
Laterality

Background

Somatosensory evoked potentials, transcranial magnetic stimulation
measurements, blind spot mapping and electro myographic
studies have been used to study the effect of chiropractic
manipulation on brain function [1-7]. These studies have
supported impact on brain function and indirectly suggest
neuroplastic brain changes occur in the cerebellum, basal
ganglia, prefrontal cortex as well as the primary motor &
primary sensory cortex. A couple case series have reported
positive effects for the symptoms of depression following
application of an upper cervical technique [8,9].
Depression is one of the most common psychiatric disorders
[10]. First line treatment for major depressive disorders (MDD)

is antidepressant medication or evidence-based psychotherapy
[11-13]. Less than 40% respond well to the initial treatment
[14,15]. According to the National Institute of Mental Health
[10], in 2017, there were an estimated 17.3 million adults in
the United States who had had at least one major depressive
episode, representing 7.1% of all adults. Females made up 8.7%
of these cases while males compiled 5.3%. The population with
the highest incidence were ages 18-25 (13.1%).
Depression is a heterogenous condition that doesn’t lend
itself to a simple model. It becomes more complicated when
parsing out anxiety and other co-morbidities. Depression
diagnosis is dependent upon subjective complaints. According
to DSM-V Criteria for Major Depressive Disorder (MDD) [16]
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the individual must be experiencing at least five of eight
defined symptoms during the same 2-week period and at
least one of the symptoms should be either (1) depressed
mood or (2) loss of interest or pleasure.
Electrophysiological studies, neuroimaging, and neuropsychiatric testing have given insight into subtypes of depression [17]. Electrophysiological and neuroimaging studies
have supported a right-left hemispheric bias for over three
decades, reinforcing a right prefrontal cortex (PFC) bias over a
weaker performing left PFC [18]. In the approach/withdrawal
model the left pole of the frontal lobe has been described
as the approach side while the right pole is the withdrawal
side. The balance of these two poles bring about balanced
emotional cognitive function. Less input from a weaker
functioning left PFC allows for more negative withdrawal
behavior consistent with depression [19,20].
The EEG alpha rhythm is inversely proportional to brain
activity [21]. In a relaxed, wakeful state with eyes closed, alpha
waves peak. Alpha waves decrease with an eye open alert
subject. Alpha frequencies represent less activity in any given
brain region and have been found inversely correlated with
cerebral blood flow as measured by PET [17] and fMRI [22].
Many studies have found frontal alpha asymmetry (FAA) with
weaker left prefrontal cortex (PFC) function in depression
[17,23-29]. PET studies have found hypometabolism in the
left PFC in depression [30,31]. A meta-analysis of restingstate fMRI supported decreased activity in the anterior
cingulate, dorsolateral PFC, insula and superior temporal
gyrus, predominantly left-sided reductions in depression [32].
Not all studies concur with FAA with right left hemispheric bias
for depression. Vinne et al [33], performed a meta-analysis and
found no consistencies when correlating FAA with depression.
Bruder et al, [17] were more favorable toward FAA in their
meta-analysis. Investigators have reported inconsistencies
due to comorbidities found in depression. Anxiety is found in
one third of depression cases [34]. Anxiety has been shown to
confound EEG findings, neuroimaging and neuropsychiatric
testing findings regarding the hemispheric model for
depression. Comorbidities and diagnostic subtypes may
provide context for FAA and neuroimaging inconsistencies
found in depression [35].
Grajny K et al, found stroke lesions in the left dorsolateral
prefrontal cortex (DLPFC) are associated with increased
depression symptoms [36]. This is consistent with other
investigators findings of post-stroke depression related to
left frontal lesions [37-42]. Starkstein and Robinson found
higher incidence and severity of depression related to the
proximity of a brain lesionto the left frontal pole [43,44].
Non-stroke related damage to the left DLPFC has as well
been reported withdepression [45-47].
Investigators have identified networks involved in depression.
Alalade et al [48], found aberrant functional connectivity
between the cerebellum and the cerebral cortex in several
neural networks in patients with depression. They further
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noted the cerebellum-ventromedial PFC coupling related to
cognitive function while the cerebellum-posterior cingulate
cortex coupling related to emotion processing in geriatric
depression. Others have found a role for the cerebellum in
regulation of cognition and emotion [49-53]. While others
have found a connection between cerebellum and depression
[54,55]. There is an important connection in the network
between the cerebellum and prefrontal cortex function as
it relates to various psychosis such as schizophrenia, bipolar,
and depression [56].
In the present study, the Goldberg Depression Scale (GDS)
was used to score symptoms of depression. SF-36 short survey
was performed for each case as a comparison to GDS. Data
was separated into left and right atlas laterality as well as
male and female.

Purpose of the study

The purpose of this study was to evaluate the CCJ in relation
to depression with emphasis on the hemispheric model. This
was attempted by comparing pre-adjustment GDS scores
to 6 weeks post upper cervical chiropractic care(UCCC) GDS
scores. Physical and mental composite scores were evaluated
via SF-36 short survey to comparedepression symptoms to
overall self-reported physical and mental well-being. We
evaluated for hemispheric bias in the patient’s prior to care
and post UCCC regarding right versus left atlas laterality. This
evaluation tested our theory that atlas laterality is related to
hemispheric laterality to the extent that right atlas laterality
may relate to poorer left PFC function andcorrection of right
atlas laterality may improve left PFC function. If statistically
significant improvements are found in the Goldberg
Depression Scale, then care directed at the CCJ may be a
complementary novel drug free approach of addressing
symptoms of depression.

Methods

The practice-based study design was approved by the
Institutional Review Board at Sherman College of Chiropractic.
There were 104 participants (67 females and 37 males) in the
study and all signed consent forms. Mean age for the patients
was 45.1 years old (standard deviation=17.2)ranging from
8 to 77 years of age. Most patients (n=87 of the 104) were
younger than 60 years of age.
The study included all new patients entering any of the five
participating clinics and who fit the criteria of consenting to
the participation within a designated 8-month period. The
five attending chiropractors (one per office) were trained in
the knee chest upper cervical specific (KCUCS) chiropractic
technique. The technique utilizes the Tytron infra-red scanning
technology to assess upper cervical subluxation status on
a visit to visit basis along with prone leg check analysis. A
three view cervical x-ray series was performed on each case
consisting of A-P open mouth full cervical, neutral lateral and
base posterior views for the purpose of assessing alignment
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of the cranio-cervical junction. A knee chest solid head-piece
table set at 14-degree angle was employed for the adjusting
technique. The KCUCS is a high-velocity low-amplitude (HVLA)
torque adjustment. All these procedures were consistent
with training through KCUCS chiropractic technique [57].
Prior to the administration of KCUCS chiropractic technique
each participant completed the GDS along with an SF-36
questionnaire. Both the Goldberg survey and SF-36 have
shown good validity [58,59]. Aminpoor H, et al, found validity
and reliability for the GDS for both identifying and monitoring
progress of depression [58]. The GDS has shown effectiveness
in discriminating between symptoms of depression and
anxiety [60]. The SF-36 is a self-reported survey reflecting
overall physical and mental well-being [59]. KCUCS technique
was provided for a 6-week period. There was an average
of 11.9 office visitsper patient with each patient receiving
an average of 2.0 upper cervical chiropractic adjustments
throughout 6 weeks UCCC.
The GDS is an in-office screening test for depression. It
contains 18 questions with a progressive scale 0-5. Starting
at 0 representing never experiencing the issue up to 5
indicating the issue is experienced very much. Each patient
was instructed to respond 0 to 5 to quantify the level of
problem they were having with any given issue covered
within the 18 questions. A lower GDS score is consistent with
less depression. Following are the GDS screening test scoring
ranges: 0-9 no depression likely 10-21 possible symptoms
that may be due to depression or other medical issues. 2235 mild to moderate depression. 36-53 moderate to severe
depression 54 and up severely depressed [58].
The KCUCS chiropractic care provided for each subject
followed the same protocol in each of the 5 clinics regarding
Tytron infra-red scanning, prone leg check analysis, x-ray
analysis and the knee chest adjustments administered [57].
The exception in patient care between the 5 clinics was in the
rest time of between 20 to 60 minutes immediately following
each upper cervical adjustment. Early pioneering researchers
studying upper cervical chiropractic technique believed a rest
period immediately following an upper cervical adjustment
was essential for improved outcomes [61]. It is thought longer
rest periods facilitate stability of the cranio-cervical junction.
There are no current data to support the preference of rest
period length other than clinical experience.
Atlas laterality was determined via A-P open mouth x-ray
analysis. The A-P open mouth view was modified to include
the full cervical spine. A 2-inch cork was placed between
the upper and lower teeth to provide a consistent window
in the C0/C1/C2 anatomy. A smaller modified cork was used
for subjects who were unable to use the 2-inch cork. An
acceptable picture was described as the top teeth striking
the top 1/3 of atlas lateral mass. Three x-ray findings were
used to determine atlas laterality. 1. Inter odontoid space
size was analyzed with consideration of malformation of the
dens relative to C2 body. With no or minimal malformation,
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laterality was considered the side of larger inter-odontoid
space. 2. The relative position of the internal atlas lateral mass
compared with the anterior foramen magnum. The internal
lateral mass side deviating further away from the anterior
foramen magnum was considered the atlas laterality side. 3.
The lateral margin of C1 lateral mass relative to the lateral
margin of C2 body. The C1 lateral mass that shows most
laterality relative to C2 lateral body was considered the atlas
laterality side. There was a priority hierarchyfor these three
x-ray findings with the first criteria having highest priority. It
was up to the individual physician to make the final decision
on atlas laterality using these criteria.
The specific characteristics of the misalignment along
with vectors used for adjusting were determined by the
three view cervical x-ray series described above. Frequency
of upper cervical chiropractic adjustments administered
was determined by KCUCS technique pattern analysis
using Tytron infra-red thermography as well as leg length
equality examination. Following 6 weeks UCCC the patient
was instructed to fill out the GDS and SF-36 survey prior to
any care given on that office visit.

Analysis

Pre-adjustment Goldberg and SF-36 scores were compared to
6-week post application of an upper cervical technique using
the paired t test. Data normality is assumed when samples
are 30 or more (Devore and Peck) [62]. Left versus right atlas
listing data were compared with the two-sample t test using
the unequal variance option. Data were analyzed in Stata
12.1 (DataCorp, College Station, TX). Two-tailed p-values less
than or equal to the conventional alpha level of 0.05 were
considered statistically significant.

Results

Analysis of Goldberg scores revealed statistically significant
improvements in symptoms of depression for both female and
male patients following 6 weeks of UCCC (p<0.001; Table 1).
According to the GDS scoring system [57] the average female
and male scores prior to UCCC placed them in the moderate
to severe depression category. Following 6 weeks KCUCScare
both female and male scores downgraded one level to
the mild to moderate depression category. Assessment of
symptoms of depression prior to and post UCCC was not
different between female and male according to the GDS.
There was a statistically significant right atlas laterality
(n=49, Goldberg=42.0, standard deviation [SD]=19.2) bias
over left atlas laterality (n=55, Goldberg=34.7 SD=15.2) in
increased reported symptoms of depression prior to care
(p=0.0357). There was a statistically significant right atlas
laterality bias over left atlas laterality in reduction of symptoms
of depression following 6-week UCCC (Table 4). Analysis of SF36, for physical and mental composite scores (PCS and MCS)
indicated that females responded better (p<0.001) compared
to males (p>0.05; Tables 2 and 3. SF-36 (PCS and MCS) did
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Table 1. Goldberg scores by gender, mean (SD).
A lower score is better than a higher score.
Gender
Female
Male

N
67
37

Pre
37.8(17.0)
38.7(18.5)

Pose
31.6(13.4)
32.4(14.3)

P-value
<0.001
<0.001

Table 2. SF-36 PCS scores by gender, mean (SD).
A higher score is better than a lower score.
Gender N Pre
Post
P-value
Female 59 38.5(10.2) 42.6(11.5) <0.001
Male
34 43.6(9.3) 44.9(11.7) 0.4
Table 3. SF-36 MCS scores by gender, mean (SD).
A higher score is better than a lower score.
Gender N
Female 59
Male
34

Pre
46.3(12.8)
48.2(12.3)

Post
P-value
50.9(9.9) <0.001
49.1(11.1) 0.7

Table 4. Pre-adjustment SF-36 and GDS by atlas listing.

not show preference in either pre or post care assessments
regarding right and left laterality atlas.
For the SF-36, statistically significant improvements were
observed for PCS and MCS in females but not males (Tables 2-3).
There was a statistically significant difference for GDS
scores between left and right atlas listing, where right atlas
had worse scores (p=0.0357, higher scores are worse than
lower scores with the GDS survey, Table 4). Differences for
the SF-36 (PCS and MCS) between left and right atlas listings
were not statistically significant (p>0.05, Table 4). The largest
improvement between left versus right atlas adjustment
was observed for GDS right atlas (8.3 for right versus 4.4 for
left, Table 4).

Discussion

Two case series studies have reported positive response in
symptoms of depression following the application of an
upper cervical chiropractic technique [8,9]. Roth L et al, found
improvements when studying 6 participants with either
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mild to moderate anxiety or depression symptoms based
on the Generalized Anxiety Disorders-7. Genthner GC et al,
reached statistically significant improvements in reported
symptoms of depression according to the Beck Depression
Inventory II survey following application of an upper cervical
technique. Other investigators have found improvements in
the symptoms of depression following the application of an
upper cervical technique [63].
In this report the investigators determined atlas laterality
in each case by x-ray analysis. A right atlas laterality bias
was observed over left atlas lateralityregarding both more
reported symptoms of depression prior to care and more
reductions in depression following 6-weeks UCCC. These
findings may be consistent with the right left hemispheric
bias observed in depression.
Carrick found strong statistical significance in 500 subjects
with HVLA cervical spine manipulation increasing contralateral
cortical activity. This double-blind controlled study also
established, with strong statistical significance, manipulation
of the cervical spine with HVLA specifically changed only one
cortical hemisphere [7]. Somatosensory evoked potential
studies and TMS measurements support chiropractic
manipulation influence of brain function [1-6]. Lelic D et al
[64], found through somatosensory evoked potential with
dipole source localization, HVLA chiropractic manipulation
changes sensorimotor integration by impacting function in
the prefrontal cortex. Low force techniques were not found to
have the same response. Subclinical neck pain patients have
demonstrated aberrant patterns of cerebellum inhibition (CBI)
when studied via transcranial magnetic stimulation. Following
chiropractic manipulation, these patients experienced changes
in their CBI pattern which appeared like healthy controls [2,4].
We found statistical significance for improvements in
both symptoms of depression via GDS and overall physical
and mental well-being via SF-36 short survey following 6
weeks upper cervical chiropractic care. The exception was
forSF-36 MCS with men’s right atlas laterality group. They
did not reach statistical significance. We did not find right
atlas laterality bias for SF-36 (PCS and MCS) in assessments
prior to care or post UCCC as found in GDS. There was no
consistency between pre and post care regarding female
and male comparing GDS and SF-36 (PCS and MCS). Women
responded more favorably than men in all measures of selfreported SF-36 physical and mental well-being following
care. Women self-reported lower scores for SF-36 physical
and mental well-being prior to care. The inconsistencies
between GDS and SF-36 (PCS and MCS) may support a more
specific association between right atlas laterality bias and the
right left hemispheric bias model for depression. Findings
for improvements in symptoms of depression following 6
weeks UCCC may not have been related to an overall sense
of physical and mental well-being perceived by the patients.
Anxiety is a comorbidity that may confound the right left
hemispheric bias observed in depression [17,34,35]. GDS has
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demonstrated the ability to differentiate symptoms of anxiety immune function issues that may explain results observed.
from depression [60]. Reducing the influence of anxiety when
evaluating symptoms of depression may reflect a picture less Conclusion
encumbered with comorbidities. The use of GDS may be a In this study the KCUCS technique was employed for the
factor for our findings more strongly aligning with the right purpose of improving CCJ alignment. We have found statistical
left hemispheric bias in depression for right atlas laterality significance for improvement of the symptoms of depression
pre and post KCUCS technique.
following the application of the KCUCS technique. There
Huang M et al, found autonomic dysfunction affects risks was right atlas laterality bias for both reported depression
of depression [65]. There is a large body of evidence relating symptoms as well as response to care drawing a possible
reductions in heart rate variability with psychiatric disorders, connection to the right left hemispheric bias model for
including depression, schizophrenia and anxiety disorders depression. Left PFC function may be negatively impacted
[66-68]. Schumann A et al [69], included heart rate variability, by right atlas laterality and improved left PFC function may
blood pressure variability, baroflex sensitivity, respiration, skin occur following the correction of right atlas laterality via UCCC.
conductance as well as the calculation of pupillary diameter These findings are intriguing but not conclusive. Limitations
and unrest index in their assessment of autonomic function for this study include the case series format and we did not
in regard to major depression. They found consistency for employ EEG, neuroimaging or neuropsychiatric testing but
sympathetic dominance in major depression. Kessinger et al relied on a standardized questionnaire to evaluate symptoms
[70], reported improvements in patients with elevated pulse of depression pre and post care. This study is not meant to
pressure following the application of the KCUCS upper cervical be conclusive regarding application of an upper cervical
technique. They suggested improved autonomic function, chiropractic technique and the resolution of depression. It will
reduction in sympathetic dominance, as the most plausible hopefully serve to motivate other investigators to evaluate
explanation for pulse pressure reductions. Other investigators the role of the CCJ in relation to the symptoms of depression.
have found improvement in autonomic balance following A proposed follow-up study may include electrophysiology
the application of an upper cervical technique [71-79].
testing, neuroimaging and/or neuropsychiatric testing in
Improved autonomic function has been shown to improve conjunction autonomic function analysis before and after
symptoms of depression. Vagal activation is used as a method the application of an upper cervical technique.
for the treatment of more severe cases of depression [80-82].
George MS et al, found vagus nerve stimulation improves List of abbreviation
mood disorders [83]. Vagal activation has as well been linked CCJ: Craniocervical junction
to improved immune system function [84]. Psychological GDS: Goldberg Depression Scale
stress, a well-known promotor of mood disorders, is capable KCUCS: Knee chest upper cervical specific
of activating proinflammatory signaling molecules, including UCCC: Upper cervical chiropractic care
nuclear factor kappa B via activation of the sympathetic nervous MDD: Major depressive disorder
system [85]. Other investigators have found links to the gut PFC: Prefrontal cortex
brain axis, the immune system and depression [86]. In this FAA: Frontal alpha asymmetry
study the left atlas laterality group as well achieved statistical DLPFC: Dorsolateral prefrontal cortex
significance in improvements of depression symptoms following HVLA: High velocity low amplitude
6 weeks UCCC even though not to the level experienced by the PCS: Physical composite score
right atlas laterality group. Improved autonomic function may MCS: Mental composite score
provide a mechanism for findings of both left and right atlas CBI: Cerebellum inhibition
laterality group that is outside of the right left hemispheric
bias model for depression. There may be more variables Competing interests
regarding comorbidities and subtypes, autonomic and/or The authors declare that they have no competing interests.
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