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Chapter 6 
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Abstract: Balance disorders and dizziness, which are the results of the impair-
ment function of the sensorimotor control system, are often symptoms men-
tioned by patients in GP’s surgery. In regard to the fact that there are no effec-
tive pharmacological or surgical treatments for cervical dizziness, the purpose 
of this article is to verify if pharmacological and surgical treatment complemented 
with physiotherapy has a stimulating effect on the circuits responsible for posture 
control. Ambulatory patients – 47 patients with cervicogenic dizziness attended 
in the physiotherapeutic program, which lasted 10 days in a system of 5 days of ther-
apy intertwined with 2 days off. In order to objectify the therapy results the effi-
ciency of the balance system was evaluated, using the examination which registered 
forces and foot pressure moments on the ground during unperturbed stance. A sta-
tistical analysis of the stabilogram length in planta sagitalia (forward – backward) 
F-B and planta frontalia (right – left) R-L proved: with open eyes – statistically sig-
nificant reduction of stabilogram length in planta frontalia (R-L) p<0.043; biofeed-
back – on the border of statistic significance p<0.068, a reduction of stabilogram 
length in planta frontalia (R-L). A statistical analysis of the speed of body stabil-
ity stabilogram proved: with open eyes – statistically significant reduction of sta-
bilogram speed in planta frontalia (R-L), p<0.018. A statistical analysis of the path 
length of the center of foot pressure proved: with open eyes – a statistically signifi-
cant reduction (p<0.017) of the path length of the center of foot pressure. An anal-
ysis concerning the moment of foot pressure and forces pressured on the ground 
during unperturbed stance confirms that the application of physiotherapy had 
a stimulating influence on the systems responsible for postural control.
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6.1. Introduction
Balance disorders and dizziness resulting from the impairment of the sensorimotor 
system are common symptoms reported by patients at GP surgeries [1]. Spatial ori-
entation is dependent on information coming from the sensorimotor control, which 
includes vestibular and ocular receptors as well as proprioceptors. 

The processing and interpretation of impulses arriving from the peripheral senso-
rimotor system by the central nervous system ensure proper static and dynamic per-
formance. Due to the fact that dizziness generates an increased number of falls in peo-
ple of working age, thereby leading to a greater cost of treatment, absenteeism from 
work and deterioration of quality of life, it becomes one of the most important medi-
cal problems [1]. Dizziness has been categorized as a subjective symptom; therefore, 
there are many difficulties in identifying its cause. In about one quarter of the cases, 
the origin of dizziness cannot be accurately determined during the first diagnosis [2]. 
According to Drachman and Hart, there are three clinical conditions that, apart from 
the real vertigo, may be associated with the emergence of certain symptoms [3]. These 
include: presyncope (a feeling close to fainting with causes to be sought in the reduc-
tion of blood supply to the brain), disequilibrium (a feeling of unsteadiness associ-
ated with impairment of movement, or impaired proprioception) and lightheadedness 
(blackout sensations and confusion, a condition most likely of a psychological origin). 
Unfortunately, in Polish otolaryngologic terminology there are no equivalents speci-
fying the aforementioned clinical conditions [4]. The term “dizziness” refers to illu-
sions of motion (a sensation of environment spinning, spinning of one’s own body, 
a sensation of rocking or swaying), an illusion of instability (unsteadiness of posture 
and gait, a sensation of chaos) and other ailments that do not correspond with the clin-
ical meaning of “dizziness” (agoraphobia, fear of heights, flickering spots in vision). 
Whether the dizziness of cervical origin exists is still under discussion. The term 
“cervical dizziness” refers only to the fact that the disease is localized within the cer-
vical spine [5]. Abnormalities within the muscular system of the cervical spine cause 
many diseases that have been described as idiopathic [6]. Flexion-extension neck inju-
ries and a degenerative disease of the cervical spine are among most common causes 
of the cervical dizziness [7]. The consequence of the above mentioned conditions are 
abnormalities in muscle tension, muscle functions and even abnormalities in the struc-
ture of the suboccipital muscles, particularly the rectus capitis muscles, which undergo 
atrophy and fatty degeneration [8]. The relationship between prioperception of the cer-
vical region and posture control has been confirmed by numerous studies in Europe 
and the United States [5]. A change from a vestibular sensation to a deep sensation 
structure reception is particularly evident in the elderly [8]. Disorders of the pro-
prioceptive impulsation may arise in the pathologically tight muscles that manifest 
themselves in a lack of normal cervical reflexes compensation. The diagnosis of cervi-
cal dizziness rests in excluding other causes rooted in the vascular, vestibular or cen-
tral nervous system [7]. Stabilometry is the most frequently used diagnostic tool that 
reveals, in an objective manner, deficits within the sensorimotor system. The test 
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allows for the observation of changes in symptoms that result from postural con-
trol disorders by means of measuring and monitoring the deflection of the body [1]. 
Rehabilitation is a valuable supplementary treatment that goes with the traditional 
therapy for dizziness. Physiotherapy that involves stimulation of the deep sensation 
should not be limited only to the exercise of the cervical spine. Due to its comprehen-
sive approach, the treatment activates the repair mechanisms of cervical proprioception 
and integrates afferent information coming from the vestibular system [9]. The aim 
of physiotherapy is to pave the neurotransmission of the deep sensation receptors 
and impact the sympathetic nervous system [10]. Subjective and objective symptoms 
associated with balance disorders are reduced within the process of compensation 
arising from the plastic possibilities of the central nervous system; the compensation 
may be accelerated and amplified by an appropriately selected physical therapy [11]. 
The facilitation and acceleration of the adaptation and compensation mechanisms 
that take place primarily at the level of the brainstem and cerebellum reduce feelings 
of dizziness and unsteadiness [12]. 

Treatment programs are aimed at improving the function of vestibular-oculo-
motor reflex, the perception of motion, postural stability and general physical con-
dition [11, 13]. With regard to the fact that there are no effective pharmacological 
or surgical treatments for cervical dizziness, the purpose of this article is to verify 
if pharmacological and surgical treatment complemented with physiotherapy has 
a stimulating effect on the circuits responsible for posture control.

6.2. Methods and patients
6.2.1. Patients
The study involved 47 patients (24 F, 23 M) with systemic dizziness of cervical ori-
gin. All patients underwent diagnostic testing in the Department of Otolaryngology 
at the Medical University in Bialystok. As part of the diagnostic process, ENT (ear, 
nose and throat) ophthalmic and neurological, static, and dynamic tests were per-
formed together with electronystagmography (ENG) with caloric stimulation, 
optokinetic nystagmus and Pendulum Test. In clinically difficult cases, radiologi-
cal examinations were additionally performed, including CT or MRI of the head. 
Ambulatory patients with cervical dizziness were offered to participate in the physi-
otherapy program performed at the MUB Department of Rehabilitation (Resolutions 
of the Bioethics Committee of the R-I-002/405/2011). The program lasted 10 working 
days in a system of a five-day therapy intertwined with a two-day break.
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6.2.2. Measurement protocol
In order to objectify the results of the therapy, the efficiency of the balance system was 
rated by testing the force and moment of foot pressure applied to the substrate (center-
of-foot pressure, COP) during standing still. The study was performed twice: before 
and after the treatment. In order to objectivize the results of the therapy, the func-
tioning of the balance system was tested by examining the horizontal shift of the body 
in the function of time by measuring the displacement of the point of application 
of the resultant reaction force of the substrate. 

The study was performed twice: before and after the treatment. Balance platform 
PK, model 254 by Tecno Body was used for stabilometry test. The PRO KIN Line 
Software (included) enabled the recording and analysis of stabilometry test results [30]. 
Patients were tested twice, before and after the treatment, each test lasted 1 minute 
30 seconds. During the first testing, the patient was instructed to stand still for 60 sec-
onds and to focus his/her attention on a point that was 4 meters ahead in front of him/
her; for another 60 seconds the patient had eyes covered with a band. In the second 
test the patient was able to control deflection of his/her body for the first 60 seconds 
in a function of time, watching the monitor screen located 0.5 m ahead at his/her 
eye level (biofeedback), the displacement of the point of application of the resultant 
reaction force of the substrate. For the next 60 seconds the patient was blindfolded. 
The test was done in a standing position, according to the manufacturer’s instruc-
tions. The parameters to be recorded were: average deflection from axis X and Y, 
average deflection in the sagittal (F-B) and frontal plane (L-R), average swing speed 
(mm / sec), the distance traveled by the projection of the center of gravity (mm) field, 
ellipses (mm2).

6.2.3. Therapy program
The therapy included a performance of a single set of rehabilitation exercises. A set 
of exercises was developed in the Department of Otolaryngology at the Medical 
University of Bialystok, with a recommendation to perform the mat home. The inten-
sity was adjusted to the patient’s condition – initially twice a day, and during the reso-
lution of the symptoms the exercises were performed five times a day. The set of exer-
cises allowed for practicing while lying down, sitting and standing. Another element 
of the program was physiotherapy sensorimotor training. The aim was to prop-
erly align the body (especially the head and the neck), which lasted up to 30 min-
utes, for 10 days (5 days of therapy and a 2-day break). The training was applied 
in accordance with the gradation of the difficulty principle: at first in static positions 
and with activation of smaller muscle groups, and later more intense, the so-called 
dynamic exercises on a shaky ground. The last elements of the treatment program 
were based on manual therapy techniques using: post-isometric relaxation and therapy 
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of trigger points on the trapezius, levator scapulae, suboccipital muscles, scalene mus-
cles, sternocleidomastoid muscles, the infraspinatus muscle as well as splenic, tem-
poral and the platysma muscles. The mobilization to specific targeted sites was used 
on the articular joints C0-C1, C2-C3, and C6 to Th3 [14,15]. 

6.2.4. Statistical analysis
In order to compare the qualitative variables without normality, the Wilcoxon test 
for two dependent variables was used. Statistically significant results were considered 
at p < 0.05. The Statistica 10.0 package by StatSoft was used in the calculation.

6.3. Results
The statistical analysis of stabilometry in the sagittal (PT) and the front (EN) 
plane with eyes opened showed that there was a statistically significant reduction 
in the length of stabilometry in the frontal plane (LP), where p <0.043, but a statisti-
cally insignificant reduction in the length of stabilometry in the sagittal plane (PT), 
(Fig. 6.1).

With conscious control of visual inspection (biofeedback) there was a reduction 
in the length of stabilometry in the frontal plane (LP), where p < 0.068, but a statisti-
cally insignificant reduction in the length of stabilometry in the sagittal plane (P-T), 
(Fig. 6.2).

The statistical analysis of the velocity of deflection in stabilometry showed that: 
with eyes opened there was a statistically significant reduction of the deflection speed 
of stabilometry in the frontal plane (LP), where p < 0.018, but a statistically insignif-
icant decrease in velocity in the sagittal plane. The statistical analysis of the distance 
traveled by the projection of the center of gravity showed that with eyes opened there 
was a significant reduction in the distance traveled by the projection of the center 
of gravity p < 0.017 and a statistically insignificant reduction with a conscious con-
trolled visual (biofeedback) (Fig. 6.3).
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FIGURE 6.1. Example of examining the patient’s deviation in directions forward-backward 
and medium-lateral without biofeedback before and after the therapy
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FIGURE 6.2. Example of examining patient’s deviation in directions forward-backward 
and medium-lateral with biofeedback before and after the therapy



78

FIGURE 6.3. Example of stabilometry test: a) without biofeedback (red color – open eyes, green 
color – closed eyes); b) with biofeedback

The greatest reduction of the length of stabilograph in the frontal plane (LP) was 
obtained in the study in which the patient focuses on the point that is 4 meters ahead. 
There was a statistically significant difference in results of the examination before 
the treatment and after it, where p < 0.043 (Fig. 6.4).
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FIGURE 6.4. Results of exemplary examination collective deviations in directions forward-back-
ward and medium-lateral, perimeter of the trace and ellipse area achieved during Centre of Foot 
Pressure measurement without biofeedback before and after the therapy

During the biofeedback test the patient observes the movement of the point 
of application to the resultant ground reaction force in the frontal plane (LP). 
An improvement within the range of statistical significance of p < 0.068 has been 
obtained (Fig. 6.5).
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FIGURE 6.5. Results of exemplary examination collective deviations in directions forward-back-
ward and medium-lateral, perimeter of the trace and ellipse area achieved during Centre of Foot 
Pressure measurement with biofeedback before and after the therapy

During the examination with eyes opened, there was a significant reduction 
in the velocity of deflection in the frontal plane (LP), where p < 0.018, and in the dis-
tance traveled by the projection of the center of gravity of p < 0.017. After physiotherapy 
the length of the stabilograph, the velocity of deflection in the frontal plane and the dis-
tance traveled by the projection of the center of gravity were shortened, which proves 
the normalization of deflection while maintaining body balance in a standing position.
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6.4. Discussion
The terms “dizziness” and “balance disorders” in Europe and the United States do not 
mean the same; in some countries they are treated interchangeably, while in others 
one concept involves another. Therefore, there is a need for establishing diagnostic 
and therapeutic standards for dizziness and balance disorders. The decision to initi-
ate an international debate over the classification of the vestibular dysfunction was 
undertaken during the 24th session of the Meeting of the Barany Society in Uppsala 
(Sweden) in 2006, as a result of which, in 2009, there was published a classification 
of disorders of the vestibular. That has given rise to the establishment of diagnos-
tic and therapeutic standards for dizziness and balance disorders [20]. Since 2008, 
in Poland, within the framework of Vertigo forum meetings, a group of experts 
in otolaryngology, audiology, neurology and phoniatrics has been making efforts 
to obtain a common stance concerning the algorithms in dizziness and otolaryngolog-
ical nomenclature [21]. Vestibular rehabilitation has been developing since the 1940s. 
It has been based on the studies that presented beneficial effects of physical exercise 
in the treatment of dizziness. Initially, physical exercises were used in the patients 
with persistent symptoms of unilateral vestibular damage. To the present day this 
type of rehabilitation has been significantly modified, and the indications for its use 
extended [10]. Rehabilitation uses brain plasticity, synaptic remodeling, natural phe-
nomena, compensation vestibular adaptation and habituation. In a further phase 
of rehabilitation, the vestibular-cerebellar and vestibular core connections have become 
activated. The success of the vestibular compensation process depends on the tim-
ing and the extent of damage to the vestibular receptor as well as the patients’ age 
and their physical activity. In the modern model of physiotherapy, a number of meth-
ods used in the treatment of disorders with cervical origin can be distinguished. These 
include: physiotherapy, prioperception training, exercise in eye-hand coordination 
on a posturographic platform, using a visual stimulation balance system in the feed-
back loop (biofeedback), manual therapy, post-isometric relaxation, trigger point 
therapy, physical therapy, massage, Kinesio Taping. This paper presents the process 
of rehabilitation of people with dizziness of cervical origin and proposes a set of reha-
bilitation exercises, as well as sensorimotor training, a selection of manual therapy 
techniques using: post-isometric relaxation, trigger point therapy of selected muscles 
and mobilization of targeted sites on joints C0-C1, C2 C3 and C6 to Th3. The treat-
ment of patients with impaired postural stability is consistent with other researchers’ 
observations which suggest that the proper selection of exercises using visual, pro-
prioceptive and somatosensory stimulation allows the patient to learn how to skill-
fully use other vestibular information in order to maintain body balance [11, 22, 23, 
24, 25]. The test results of the stability of posture (with eyes opened) showed a sta-
tistically significant (p < 0.043) reduction in the length of stabilograph in the fron-
tal plane (LP). During the study, with a conscious visual inspection (biofeedback), 
the results were of borderline significance of p < 0.068 (LP). A statistical analysis 
of velocity of deflection in stabilometry showed a statistically significant decrease 
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of stabilograph’s deflection velocity in the frontal plane (LP), p < 0.018, with eyes 
opened. A statistical analysis of the distance traveled by the projection of the center 
of gravity showed a statistically significant (p < 0.017) reduction in the distance traveled 
by the projection of the center of gravity in the course of the study with eyes opened. 
The results confirm that the standing posture of the subject, with support on both lower 
extremities, is characterized by a greater deflection of posture in the sagittal plane 
than in the frontal plane. Proper education of patients plays a key role in the effec-
tiveness of the treatment of dizziness and balance disorders [26, 27, 28]. Patients who 
understand the nature of their balance disorders better tolerate treatment and reha-
bilitation methods. Education contributes to the active participation of the patient 
in the therapeutic process. This improves the effectiveness of treatment and, conse-
quently, brings satisfaction to both patients and therapists. ENT specialists and GPs 
appreciate the role of physical therapy in the treatment of dizziness and balance dis-
orders caused by abnormalities of the vestibular system, and more often refer patients 
to this form of treatment [29].

6.5. Conclusions
The results of the study encourage further analyses over the supporting role of physi-
otherapy (in addition to pharmacological and surgical treatment) in cervical dizzi-
ness. With regard to the fact that there are no effective pharmacological or surgi-
cal treatments of cervical dizziness, the results of this study might inspire further 
detailed research.
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