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ORIGINAL ARTICLE

Diagnostic route of cervicogenic dizziness: usefullness of posturography, objective
and subjective testing implementation and their correlation

Alessandro Micarellia,b�, Andrea Vizianoa�, Ivan Augimerib, Beatrice Micarellib, Donatella Capocciac and
Marco Alessandrinia

aDepartment of Clinical Sciences and Translational Medicine, University of Rome Tor Vergata, Rome, Italy; bITER Center for Balance and
Rehabilitation Research (ICBRR), Rome, Italy; cEmergency Department, Asl Rm6, Velletri, Italy

ABSTRACT
Purpose: To evaluate posturography measurements, and their association with other clinical tests used
for cervicogenic dizziness diagnosis, in a cohort of subjects suffering from cervicogenic dizziness, com-
pared with healthy subjects.
Materials and methods: Ninety-three cervicogenic dizziness patients and 98 age- and gender-matched
healthy subjects underwent video-Head impulse test, posturography testing, evaluation of cervical spine
movements by means of cervical range of motion goniometer and self-report and performance measures,
including Dizziness Handicap Inventory, Neck Disability Index, Neck Pain Intensity, Tampa Scale for
Kinesiophobia and Hospital Anxiety and Depression Scale.
Results: Cervicogenic dizziness patients demonstrated significant increases in classical posturography
parameters (i.e., surface and length) and in power spectra values within middle and high-frequency inter-
val depicting balance control alterations especially due to proprioceptive integration changes.
Furthermore, decreases in degrees of cervical range of motion and increases of self-report and perform-
ance measures – highlighting significant complaints of subjective feeling of dizziness – were found in
these patients when compared with healthy subjects. Multiple correlations were found between postur-
ography testing and cervical range of motion and Dizziness Handicap Inventory as well as between differ-
ent self-report and performance measures in cervicogenic dizziness patients.
Conclusions: The implementation of posturography – including power spectra analysis - coupled with
appropriate exclusion of other disorders, may represent a useful tool in improving cervicogenic dizziness
assessment in terms of cost, time consumption and correlation with other measurements.

� IMPLICATIONS FOR REHABILITATION
� Uncertainties in diagnostic assessment of cervicogenic dizziness reflect doubts regarding the causes

underpinning the symptoms of imbalance, unsteadiness, and disorientation.
� Posturography measurement is a low-cost, time-sparing technique and its implementations have pro-

ven to be useful in detecting significant alterations in body sway during perturbating situations.
� Implementation of power spectra analysis on posturography testing may represent a useful tool in

improving cervicogenic dizziness assessment also in terms of rehabilitative treatment follow-up.
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Introduction

Cervicogenic dizziness is a motion sensation deriving from a dis-
turbance of the neck [1], it is characterized by the presence of
imbalance, unsteadiness, disorientation, neck pain, limited cervical
range of motion, and may be accompanied by headache [2,3]. To
be considered cervicogenic dizziness, it should be closely related
to changes in cervical spine position or cervical joint movement
[4]. Although the etiology remains unknown, many cases of cervi-
cogenic dizziness have been diagnosed post whiplash injury, or
have been associated with inflammatory, degenerative, or mech-
anical dysfunctions of the cervical spine [5–7].

However, cervicogenic dizziness is a diagnosis achieved by
exclusion criteria. A diagnosis of exclusion exists in situations
where no single test is able to diagnose the condition, and the

diagnosis cannot be verified by outcomes, imaging, laboratory
values, or unique signs and/or symptoms [7,8]. Diagnoses of
exclusion are challenging for healthcare practitioners because
they require high levels of clinical skill and a strong understand-
ing of the sequencing of proper tests and measures needed to
rule out or rule in competing diagnoses. Such uncertainties in
diagnostic assessment of cervicogenic dizziness reflect doubts
regarding the causes underpinning the symptoms of imbalance,
unsteadiness, and disorientation. Some authors have suggested
the presence of faulty cervical proprioceptive inputs as a contribu-
ting factor [7,9]. It has been proposed that a disruption of the
normal afferent signals from the upper cervical proprioceptors to
the vestibular nuclei results in an inaccurate depiction of head
and neck orientation in space [7,10], which would cause alteration
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of postural stability, and of head and eye movements con-
trol [10,11].

In this field, many attempts have been conducted in order to
objectively assess postural instability by means of posturography
measurements [9,12–16]. This low-cost, time-sparing technique
and its implementations [9,12–16] have proven to be useful in
detecting significant alterations in body sway during perturbating
situations, as well as in somatosensory and visual input ratio.
However, no study deepened the “resting-state” postural behav-
iour of patients suffering from cervicogenic dizziness and – espe-
cially – a knowledge gap is still present in the field of power
spectra implementation, an analysis which has been largely used
in postural assessment in recent experiences, in order to discrim-
inate between sensory inputs detriment of vestibular and proprio-
ceptive origin [17–21].

Given these aspects and considering studies describing dis-
tinctive traits of cervicogenic dizziness [22–25], many theories
tend to confirm its diagnosis with a range of signs, symptoms,
and tests [26,27]. Opposing works remark, on the other hand, that
there is neither a reliable clinical test for the syndrome nor a typ-
ical time course for the condition [26]. Furthermore, reliable signs
and tests can support a convincing alternative diagnosis in many
patients presenting with symptoms suggestive for cervicogenic
dizziness in the first place [27]. Such discrepancies resulted in a
lack of a specific laboratory test which could be assumed as an
objective tool in order to increase the probability of achieving the
correct clinical diagnosis of cervicogenic dizziness [28].

In this vision, and considering the emerging advantages
related to frequency-domain data obtained from posturography
testing, the aim of the present study was to evaluate posturogra-
phy measurements, clinical objective and subjective tests rou-
tinely used for cervicogenic dizziness diagnosis and their
correlations in a cohort of subjects suffering from cervicogenic
dizziness, when compared with healthy subjects.

Materials and methods

Participants selection

Participants were consecutively recruited from the ITER Center for
Balance and Rehabilitation Research, a regional institutional inter-
disciplinary disorder clinic, after their enrolment in the local longi-
tudinal cohort study. Considering the lack of specific tests
recognized for the diagnosis of cervicogenic dizziness, generally
accepted criteria supported by the literature were operationalized
in order to achieve the clinical suspicion in subjects ranging from
18 to 65 years old [3,11], as following: (1) Exclusion of these differ-
ential diagnoses: (a) Migrainous vertigo (b) Vertigo of central ori-
gin (c) Benign paroxysmal positional vertigo (d) Meniere disease
(e) Vestibular neuritis (f) Vertigo induced by drugs (g) Psychogenic
vertigo (anxiety and/or panic disorder and/or phobia) (h)
Orthostatic hypotension (2) presence of a subjective feeling of
dizziness associated with pain, movement, rigidity, or certain posi-
tions of the neck at least from 3months; (3) Cervical pain, trauma,
and/or disease (4) If from traumatic origin, there has to be a tem-
poral proximity between the onset of dizziness and the neck
injury. Diagnosis is positive if criteria 1 to 3 are fulfilled. As for cri-
teria 2, dizziness had to occur during the same period than neck
pain occurred and dizziness had to be proportional to the severity
of the neck pain that generally fluctuates in time. Criterion 4
addresses cervicogenic dizziness occurring after a neck trauma
[12,14]. The exclusion criteria for this study were: presence of
trauma or recent surgery in the head, face, neck, or chest; an

otorhinolaryngological diagnosis of central or peripheral vertigo,
and receiving physiotherapy during the study period.

Healthy subjects were examined and included in the study if
they met the following criteria: (1) experiencing no neck pain or
dizziness over the past 6months, and (2) being 18 to 65 years old.
Individuals belonging to both groups were required to report
negative anamnesis for malignancy, head trauma, neuropsychiatric
disorders, metabolic, cardiovascular, endocrine, infectious and oto-
neurological diseases. The peripheral blood was tested for the
usual parameters and neurological disturbances were excluded
using the Mini-Mental State Examination and Magnetic Resonance
Imaging. Finally, no patient was pregnant or breastfeeding and all
subjects taking drugs possibly affecting otoneurological/postural
functions were excluded. The study was approved by the
University Hospital Institutional Review Board, it adhered to the
principles of the Declaration of Helsinki and all the participants
provided written informed consent after receiving a detailed
explanation of the study.

Evaluation criteria suggested in literature [3,13] and including
history, physical examination and a thorough clinical otoneurolog-
ical examination (including pure tone audiometry and impedance,
binocular electrooculography analysis with positional maneuvers,
Head Shaking Test, clinical Head Impulse Test as well as limb
coordination, gait observation and Romberg stance Test) were
devised to exclude extracervical causes of dizziness [17,29] before
both groups of subjects underwent.

Objective testing

Video head impulse testing

For video head impulse test measurements the EyeSeeCam
System and the technique proposed in previous studies were
used [30,31]. The video head impulse test results were classified
as abnormal if two conditions were met: abnormal gain according
to the calculated normative data and presence of refixation sac-
cades (revealed by visual inspection, according to Blodow et al.
[30]). With the manufacturer’s software (OtoAccess), both side
median values recorded at 60 milliseconds were extracted on .xls
files for raw analysis. In line with previous procedures [17,30,31],
diagnosis of unilateral vestibular hypofunction was confirmed in
the present cohort in case of gain below 0.85 and 0.82 for the
right and left sides respectively. This was calculated as the lower
cut-off value of the gain-reference range (meannormal ± 2(standard
deviations) equal to 0.93 ± 2(0.04) and 0.92 ± 2(0.05) for right and
left side respectively), incorporating 95% of healthy population,
age- and gender-matched with the current population of patients
[17,30,32] and including the above-mentioned normal volunteers
in our laboratory.

Static posturography testing

Each patient was instructed to keep an upright position on a
standardized platform for static posturography (ED800 Medi-Care
Solutions S.R.L. Euroclinic). The recording period was 60 s for each
test (eyes closed or open while standing on the stiff platform)
and the sampling frequency in the time domain was 25Hz
[18,31]. The center of pressure was monitored, while performing
the test. The posturographic parameters considered in our study
were the trace length (length), the surface of the ellipse of confi-
dence (surface), and the fast Fourier transform elaboration of
oscillations on both the X (right-left) and Y (forward-backwards)
planes [18,31]. Time-domain oscillation signals (X and Y) were
extracted from the original manufacturer’s software into .txt
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format and the fast Fourier transform elaborations were gained
through a core function implemented on Matlab space [17,31].
Spectral values (power spectra) of body oscillations were quanti-
fied on a .xls file, for every frequency from 0.0122 to 4.9927Hz
[31]. As in previous experiences [31], we subdivided the frequency
spectrum into three groups: 0.0122 to 0.6958Hz (low-frequency
interval); 0.708 to 0.9888Hz (middle-frequency interval); 1.001 to
4.9927Hz (high-frequency interval). Within each group, the
spectral intensity was determined by adding the relative power
spectra and the group mean power spectra (± standard
deviations) [17,18,31].

Cervical range of motion

A cervical range of motion goniometer (Performance Attainment
Associates, 3550 Lahore Rd, St Paul, MN), which has been shown
to be a reliable tool with good validity [33], has been used to
measure cervical spine movements. Active flexion, extension, left
and right rotation, and left and right lateral flexion have been
measured three times and then averaged [34,35].

Self-report and performance measures

1. The Italian Dizziness Handicap Inventory version comprises
25 questions designed to assess a patient’s functional (9
questions), emotional (9 questions), and physical (7 ques-
tions) limitations on a three-point scale [36].

2. Neck Disability Index was assessed only in cervicogenic dizzi-
ness patients with the Italian-language version, which dem-
onstrated adequate psychometric properties and suitability
both for research purposes and clinical practice [37]. This tool
has a single-factor structure comprising 10 items which
assess different activities of daily living on a 6-point Likert-
type scale (from 0 to 5). Higher scores indicate more severe
pain and greater disability [37].

3. Neck Pain Intensity was evaluated only in cervicogenic dizzi-
ness patients with the visual analogue scale for pain. This
reliable tool consists of a 100-mm horizontal line between
the extremes “no pain” (left) and “worst imaginable pain”
(right) [38].

4. Fear of movement was quantified with the Italian language
version of the Tampa Scale for Kinesiophobia, a 17 item self-
report questionnaire in which each question was scored
using a 4-point Likert scale ranging from 1 (strongly disagree)
to 4 (strongly agree); 4 items (4, 8, 12, and 16) were nega-
tively worded and reverse scored. Total score ranges
between 17 and 68 points, with higher scores indicating a
higher degree of kinesiophobia [39].

5. Anxiety and depression were evaluated with the Hospital
Anxiety and Depression Scale. This self-administered ques-
tionnaire contains 14 items, rated on a 4-point Likert type
scale (from 0 to 3 points). The tool includes 2 subscales of 7
items that assess anxiety and depression. The Italian-
language version of this tool has good psychometric proper-
ties [40].

Data handling and statistical analysis

Following previous experiences strongly associating cervicogenic
dizziness to balance control alterations and to changes in proprio-
ceptive integration [12,14,15], the sample size was calculated to
detect inter-group differences in the results for the posturography
variables (surface, length and power spectra values within

middle- and high-frequency domain in both closed and open
eyes condition). The sample size for the test hypothesis was calcu-
lated accordingly with the context (independent samples and
continuous variables), using a statistical power of 80% (1�b) for
an a error probability of 0.05. We used the t-test for independent
samples and an effect size of 0.80. We thus determined to include
at least 49 participants per group. The sample size was slightly
exceeded, because a significant fraction of the study subjects
could be predicted to be excluded from the analysis, as technical
failure may occur more often in a population affected by dizzi-
ness. The X2 test was carried out to define associations between
categorical factors and groups. Mean and standard deviations of
objective testing and self-report and performance measures
scores were calculated in all groups. To assess that data were of
Gaussian distribution, D’Agostino K squared normality and
Levene’s homoscedasticity test were applied (where the null
hypothesis is that the data are normally and homogeneously dis-
tributed). A mixed analysis of variance was performed with the
groups as between factors for each objective and self-report and
performance measures variable. Gender, age and cervicogenic diz-
ziness disease duration (in months), were treated—where pos-
sible—as categorical and continuous predictors. The significant
cut-off level (a) was set at a p value of 0.05. Bonferroni correction
for multiple comparisons was used for the post hoc test of the
significant main effects, and the corrected level of significance
was set at 0.025. Then, according to previous protocols [41] and
given the exploratory nature of the study, a two-tailed
Spearman’s rank correlation was performed in cervicogenic diz-
zines patients between those objective and self-report and per-
formance measures scores which resulted as significantly different
when comparing the two groups of subjects. Given the large sam-
ple size of this group and the two-tailed nature of the test, a sig-
nificant cut-off level (a) was set at a p value of 0.05 (STATISTICA 7
package for Windows).

Results

Participants

Among 114 cervicogenic dizziness patients, 3 were found to take
antidepressant drugs, 2 referred recent head/chest trauma, 4 were
affected by benign paroxysmal positional vertigo, 2 demonstrated
a vestibulo-ocular reflex gain below the normative range, 3 were
affected by diabetes, 4 were already undergoing rehabilitation
treatment and 3 had history of alcohol abuse. Thus, after the
exclusion of these individuals, 93 subjects (51 females, 42 males;
mean age ¼ 43.3 (13.7) years; disease duration ¼ 34.2 (16.9)
months) fulfilling inclusion criteria for cervicogenic dizziness and
98 age- and gender-matched healthy subjects (50 females, 48
males; mean age ¼ 46 (15.4) years) were enrolled in the study.

Comparisons between groups

Objective Testing: posturography testing demonstrated signifi-
cant increased values in surface and length in both eyes closed
(mean difference: 350.39, 95% confidence intervals [CI]:
283.91–416.86 p¼ 0.018 and mean difference: 308.91, 95% CI:
267.52–350.3, p¼ 0.014, respectively) and open (mean difference:
145.58, 95% CI: 100–191.17, p¼ 0.02 and mean difference: 128.3,
95% CI: 92.51–164.09, p¼ 0.016, respectively) conditions in cervi-
cogenic dizziness patients when compared to healthy subjects.
After the implementation of the fast Fourier transform, a signifi-
cant increase in power spectra values was found in cervicogenic
dizziness patients when compared to healthy subjects within the
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middle- and high-frequency domain, in eyes closed condition, in
both X (mean difference: 0.27, 95% CI: 0.25–0.29, p¼ 0.009 and
mean difference: 0.34, 95% CI: 0.29–0.38, p¼ 0.017, respectively)
and Y (mean difference: 0.25, 95% CI: 0.24–0.27, p¼ 0.004 and
mean difference: 0.2, 95% CI: 0.17–0.24, p¼ 0.02, respectively)
planes (Table 1).

No significant differences were found in vestibulo-ocular reflex
gain nor in low-frequency domain power spectra when comparing
cervicogenic dizziness and healthy subjects.

Furthermore, cervicogenic dizziness patients demonstrated a
significant reduction in degrees of cervical range of motion in
active flexion (mean difference: �34.63, 95% CI: �37.73 to
�31.53, p¼ 0.011), extension (mean difference: �21.67, 95% CI:
�24.18 to �19.17, p¼ 0.018), left (mean difference: �28.29, 95%
CI: �30.9 to �25.69, p¼ 0.012) and right (mean difference:
�28.52, 95% CI: �30.98 to �26.06, p¼ 0.009) rotation, and left
(mean difference: �7.29, 95% CI: �9.53 to �5.05, p¼ 0.02) and
right (mean difference: �6.86, 95% CI: �9.54 to �4.17, p¼ 0.021)
lateral flexion, when compared with healthy subjects (Table 1).

Self-report and performance measures: cervicogenic dizziness
patients demonstrated higher scores in total Dizziness Handicap
Inventory (mean difference: 25.17, 95% CI: 23.71–26.62, p¼ 0.007)
(and relative physical, functional and emotional subscales; mean
difference: 11.4, 95% CI: 10.55–12.25, p¼ 0.009; mean difference:
8.73, 95% CI: 7.89–9.58, p¼ 0.014 and mean difference: 5.03, 95%
CI: 4.38–5.68, p¼ 0.018, respectively), in Tampa Scale for
Kinesiophobia (mean difference: 17.56, 95% CI: 14.93–20.19,
p¼ 0.017), and Anxiety and Depression Scale, both in anxiety
(mean difference: 4.62, 95% CI: 3.87–5.36, p¼ 0.022) and depres-
sion (mean difference: 7.31, 95% CI: 6.18–8.44, p¼ 0.02) subscale
(Table 2). Table 2 depicts main effects of these measures in both

groups of subjects and Neck Disability Index and neck pain inten-
sity scores, assessed only in cervicogenic dizziness patients.

Correlation analysis

Negative correlations were found between degrees of cervical
range of motion in right and left rotation and power spectra
within high-frequency domain in eyes closed condition in both X
(r¼�0.87 and r¼�0.86, respectively) (Figure 1(A,C)) and Y planes
(r¼�0.78 and r¼�0.77, respectively) (Figure 1(B,D)). Multiple

Table 1. Main effect of objective measurements between CGD and Healthy Subjects.

CGD Healthy Subjects

Mean SD Mean SD Significance

Posturography
Length EO (mm) 553.64 126.26 425.34 124.44 F(1, 189)¼50.009, p¼ 0.016
Length EC (mm) 904.89 148.64 595.98 141.35 F(1, 189)¼216.73, p¼ 0.014
Surface EO (mm2) 547.35 192.06 401.76 121.11 F(1, 189)¼39.686, p¼ 0.02
Surface EC (mm2) 949.97 303.04 599.58 135.97 F(1, 189)¼108.10, p¼ 0.018
PS L EC X 4.73 1.7 4.74 1.58 F(1, 189)¼0.00024, p> 0.05
PS L EC Y 2.74 1.05 2.71 1.06 F(1, 189)¼0.0579, p> 0.05
PS L EO X 5.34 1.1 5.25 1.06 F(1, 189)¼0.2826, p> 0.05
PS L EO Y 4.13 1.11 4.07 1.19 F(1, 189)¼0.1317, p> 0.05
PS M EC X 0.56 0.03 0.29 0.08 F(1, 189)¼830.09, p¼ 0.009
PS M EC Y 0.5 0.01 0.24 0.06 F(1, 189)¼1345.6, p¼ 0.004
PS M EO X 0.35 0.1 0.33 0.08 F(1, 189)¼2.9474, p> 0.05
PS M EO Y 0.23 0.06 0.21 0.05 F(1, 189)¼3.7382, p> 0.05
PS H EC X 1.44 0.11 1.1 0.16 F(1, 189)¼266.25, p¼ 0.017
PS H EC Y 1.24 0.09 1.03 0.14 F(1, 189)¼131.91, p¼ 0.02
PS H EO X 1.05 0.14 1 0.12 F(1, 189)¼4.8151, p> 0.05
PS H EO Y 0.79 0.1 0.76 0.13 F(1, 189)¼3.5497, p> 0.05
vHIT
Left VOR gain 0.91 0.05 0.92 0.05 F(1, 189)¼1.6546, p> 0.05
Right VOR gain 0.92 0.04 0.93 0.04 F(1, 189)¼2.1670, p> 0.05
CROM (degrees)
flexion 38.61 10.25 73.24 11.41 F(1, 189)¼485.00, p¼ 0.011
extension 45.03 11.14 66.71 5.66 F(1, 189)¼291.49, p¼ 0.018
left rotation 51.17 10.34 79.47 7.78 F(1, 189)¼459.35, p¼ 0.012
right rotation 50.32 10.1 78.85 6.92 F(1, 189)¼522.39, p¼ 0.009
left lateral flexion 31.39 10.21 38.69 4.55 F(1, 189)¼51.328, p¼ 0.02
right lateral flexion 35.12 12.14 41.98 5.64 F(1, 189)¼55.459, p¼ 0.021

EC: Eyes closed; EO: eyes open; PS: power spectra; L: low-frequency domain; M: middle-frequency domain; H: high-frequency-domain; X: X
plane; Y: Y plane; vHIT: video-head impulse test; VOR: vestibulo-ocular reflex; CROM: cervical range of motion, variation between sample
means/variation within the samples, F. Within brackets the degrees of freedom in numerator (number of groups – 1) and the denomin-
ator (total number of subjects - number of groups) are respectively reported. Exact p-values for significant comparisons are given here
and in the text.

Table 2. Differences in self-report and performance measures between CGD
and Healthy Subjects.

CGD Healthy Subjects

Mean SD Mean SD Significance

DHI P 12.3 4.05 0.89 1.28 F(1, 189)¼701.14, p¼ 0.009
DHI F 9.24 4.1 0.51 1.04 F(1, 189)¼415.28, p¼ 0.014
DHI E 5.44 3.15 0.4 0.85 F(1, 189)¼231.53, p¼ 0.018
DHI total 26.98 6.85 1.81 2.45 F(1, 189)¼1165.9, p¼ 0.007
NDI 15.41 4.59 – – –
NPI 63.48 13.99 – – –
TSK-17 39.04 12.62 21.47 3.76 F(1, 189)¼173.42, p¼ 0.017
HADS – anxiety 7.95 2.88 3.33 2.28 F(1, 189)¼151.15, p¼ 0.022
HADS – depression 10.77 5.26 3.45 2.05 F(1, 189)¼163.11, p¼ 0.02

DHI: Dizziness Handicap Inventory; P: physical; F: Functional; E: Emotional; NDI:
Neck Disability Index; NPI: Neck Pain Intensity; TSK-17: Tampa Scale for
Kinesiophobia; HADS: Hospital Anxiety and Depression Scale, variation between
sample means/variation within the samples, F. Within brackets the degrees of
freedom in numerator (number of groups – 1) and the denominator (total num-
ber of subjects – number of groups) are respectively reported. Exact p-values
for significant comparisons are given here and in the text.
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positive correlations were found between total Dizziness
Handicap Inventory, Neck Disability Index, Neck Pain Intensity,
Tampa Scale for Kinesiophobia and anxiety subscale of Anxiety
and Depression Scale (Table 3, Figure 2). Finally, a positive correl-
ation was found between total Dizziness Handicap Inventory score
and power spectra within high-frequency domain in eyes closed
condition in both X (r¼ 0.85) and Y planes (r¼ 0.75).

Discussion

The first interesting findings of the present study are represented
by the significant changes in objective posturographic parameters
that were found – with strong to weak evidence – in cervicogenic
dizziness patients when compared to healthy subjects (Table 1).
This aspect – on one side – reinforces previous studies outcomes
demonstrating alterations of posturography parameters and cer-
vical range of motion in the diagnostic route of cervicogenic dizzi-
ness [4,7,12] and – on the other one – opens new strategies

toward a more appropriate overview of cervicogenic dizziness,
especially when coupling these notions with known pathophysio-
logical underpinnings of the disorder. With regard to posturogra-
phy, the increase demonstrated in surface and length in both
eyes closed and open condition in cervicogenic dizziness patients
when compared to healthy subjects reflects the general trend in
literature depicting cervicogenic dizziness patients as having
weaker static balance control [5,16,42]. Moreover, for the first
time, the implementation of power spectra analysis of frequencies
involved in the postural rearrangement of cervicogenic dizziness
patients demonstrated a strong to weak evidence of increase in
middle- and high-frequency intervals (Table 1). Among the vast
literature concerning this topic, several categorizations of fre-
quency bands have been proposed and the main subdivision has
been found between oscillations under or over the value of
1–2Hz [17–20,31]. Those different oscillation ranges have been
demonstrated to correlate with different neural loops regulating
balance: a longer loop associated with visuo-vestibular regulation
(lower frequencies) and a shorter loop (i.e., “myotatic loop”), due
to proprioceptive participation, producing higher frequency oscil-
lations [17–20,31,43]. Oscillations in the range around and over
1Hz have been linked by Dichgans and Brandt to an increase in
the proprio-spinal reflex [44], thus reflecting proprioceptive cues,
and previous studies found that an increase in power spectra
within a frequency range is associated with weakness in the rela-
tive sensory cue [18,19,32].

Speculatively coupling with these notions, previous neuroana-
tomical and neurophysiological hypotheses concerning cervico-
genic dizziness pointed attention on abnormal sensory input from
neck proprioceptors originating from the superior cervical spine

Figure 1. Single-case plotted scatterplots of correlations between power spectra recorded in eyes closed condition on X plane and (A) degrees of cervical range of
motion in right rotation and (C) in left rotation and between power spectra recorded in eyes closed condition on Y plane and (B) degrees of cervical range of motion
in right rotation and (D) in left rotation in cervicogenic (CGD) subjects.

Table 3. Correlations between self-report and performance measures in
CGD subjects.

total DHI NDI NPI TSK-17 HADS - anxiety

total DHI 1
NDI 0.76 1
NPI 0.83 0.69 1
TSK-17 0.72 0.56 0.63 1
HADS - anxiety 0.77 0.64 0.67 0.63 1

Significant correlations between total Dizziness Handicap Inventory (DHI), Neck
Disability Index (NDI), Neck Pain Intensity (NPI), Tampa Scale for Kinesiophobia
(TSK-17) and Hospital Anxiety and Depression Scale (HADS) scores in cervico-
genic dizziness (CGD) subjects.
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[11]. In particular, although present data may only refer to the
cohort of complaints referring to the entire complex of cervico-
genic dizziness, in which pathophysiological underpinnings
related to cervicogenic disorder and dizziness could equally sus-
tain symptoms, it has been highlighted that the cervical – densely
innervated – zygapophyseal joints may play a crucial role [45]. In
this vision, considering on one side the uncertainties about dizzi-
ness physiopathology as a complaining aspect of cervicogenic diz-
ziness [46] and on the other one that the upper cervical articular
receptors act as a critical component of the proprioceptive system
[5,26,45], it has been proposed that altered Type 1 cervical articu-
lar mechanoreceptors and proprioceptors from dysfunctional
joints may result in a loss of normal afferent input [5,45]. This
aspect – leading to aberrant information sent to the vestibular
nuclei [5,45] – may be partially accounted for the subjective feel-
ing of dizziness associated with pain, movement, rigidity, or cer-
tain positions of the neck, for which patients have been targeted
as suffering from cervicogenic dizziness and included in this study
[3,11,12,14]. Thus, the increase in middle- and high- frequency val-
ues found in cervicogenic dizziness patients – depicting a reduc-
tion in proprioceptive input – could be considered a new pivotal
component in the course of the assessment of dizziness sus-
pected to be related to cervicogenic complaints, suggesting the
implementation of power spectra analysis. In addition to the infor-
mation given to the central nervous system about the orientation
of the head with respect to the rest of the body [5,10], the dense
network of mechanoreceptors in the soft tissues in the neck
region also responds to movement of cervical joints in multiple
degrees of freedom [26]. This is of interest considering that a
negative correlation was found between cervical range of motion
evaluated in left and right rotation and power spectra within the
high-frequency interval, in eyes closed condition, in both X and Y
planes (Figure 2). Although these aspects may not be indicated as
discriminating factors between patients affected by cervicogenic
complaints with or without dizziness, they could suggest that the
damage of the same mechanoceptor network – critically inter-
facing the control of degree of motion and the proprioceptive
cues involved in balance control [47] – may be associated to both
reduction of range of motion and decay of proprioceptive inputs
computing egocentric, body-centred coordinates [2].

In light of this, the high amount of proprioceptors in the
muscles and ligaments of the cervical segments [48,49], together
with the ability of the vestibular organs to equally encode active
and passive movements [50], indicates that cervical information
acts as a reference of the trunk position in order to process ves-
tibular information appropriately [1,51]. Thus, the cervical proprio-
ceptive error – associated with the mismatch between distorted
proprioception from the cervical segment and visual and vestibu-
lar sensations – might be indicated as one cause of dizziness and

imbalance in those patients also affected by cervical spine symp-
toms. This, in turn, may cause an uncertainty about body control
and trigger enhanced motion awareness, resembling somatoform
dizziness, with a certain degree of impact on quality of life [46].
Although subjective complaints might be equally related to dis-
turbances due to dizziness and/or cervical spine disorder (since
they impact together on perceived symptoms), in line with other
experiences [12,13], patients affected by cervicogenic dizziness
demonstrated strong to weak evidences of increased levels of
perceived dizziness, kinesiophobia, anxiety and depression, and
multiple correlation effects between these self-report measure-
ments (Tables 2 and 3). This may possibly reflect that emotional
factors play critical roles in the perception of impaired movement,
stability, or chronic subjective dizziness, due to reciprocal effects
between subcortical multisensory organization regions and cor-
tical areas subserving cognitive and emotional processes [52]. This
argument is further expanded by the fact that reciprocal positive
correlations have been found between Neck Disability Index, total
Dizziness Handicap Inventory score and Neck Pain Intensity (Table
3, Figure 2), reinforcing those theories that report patients with
dizziness associated with chronic cervical pain as affected by
severe disability [12,53]. Finally, the fact that only the total
Dizziness Handicap Inventory score exhibited a positive correl-
ation with power spectra scores further highlights that cervico-
genic dizziness – as described elsewhere [12,46] – possibly
represents a wide spectrum of disorders in which neuroanatom-
ical and counterbalancing emotional/cognitive processes play dif-
ferent – still unknown – roles, ultimately inducing an undefined
feeling of dizziness.

In conclusion, the general features accepted in literature about
the diagnosis and psychophysical overview of cervicogenic dizzi-
ness were confirmed in our study population. In particular, our
results demonstrated with strong to weak evidences that the
implementation of power spectra analysis, coupled with appropri-
ate exclusion of other disorders, may represent – with appropriate
confidence intervals needed for so far unknown parameters – a
useful tool in improving cervicogenic dizziness assessment in
terms of cost, time consumption and correlation with other meas-
urements, and we advocate its use for future follow-up research.

Limitations of the study

Findings of the present data might not be exclusively related to
mechanisms underpinning dizziness associated to cervicogenic
disorder, since a further group – only affected by cervicogenic
complaints – would be needed. This aspect, however, is frequent
in the literature regarding cervicogenic dizziness, since (i) dizzi-
ness is a frequent complaint of those patients affected by cervico-
genic disorder and (ii) specific clinical enrollment criteria –

Figure 2. Single-case plotted scatterplots of correlations between (A) total Dizziness Handicap Inventory (DHI) and Neck Disability Index (NDI) scores, (B) total DHI and
Neck Pain Intensity (NPI) scores and (C) NDI and NPI scores in cervicogenic dizziness (CGD) subjects.
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beyond exclusion ones – for patients only affected by cervico-
genic complaints are still matter of debate in literature [1,3].
However, when applying strict criteria of cervicogenic dizziness
enrollment – like in this study and other previous researches –
attention is focused on a “syndromic complex” in which cervico-
genic disorder and dizziness coexist and – possibly – foster each
other in the support of the entire syndrome [4,5,22]. Thus, results
from this protocol after comparison with a group of healthy sub-
jects should be prudently referred to as the whole “syndromic
complex” in which dizziness and cervicogenic complaints coexist
and be addressed as the condition globally underpinning the
changes in the objective and subjective parameters investigated.
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