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Pattern of Postural Changes after Symmetric 
Neck Muscle Vibration

Vzorec posturálnych zmien v súvislosti so symetrickou vibráciou 
krčných svalov

Abstract
Introduction: The aim of this study was to explore, in the context of postural synergies, 
reflexes from lower limb muscles and ocular movements induced by posterior neck mus-
cle vibration. Methods: We examined 12 healthy subjects. We recorded lower limb EMG, 
sway path (posturography), the position of body segments, and the eye movements (electro
oculography) during 2 seconds lasting pulses of posterior neck muscle vibration. The re-
sponse means were evaluated. Results: Postural response to posterior neck vibration consists 
of a short phasic backward shift of the centre of foot pressure, which initiates a more pro-
longed anterior shift. The body moves forward during this second phase. The first phase is 
initiated by muscular reactions comparable to previously described postural reflexes elicited 
by galvanic vestibular stimulation (short and medium latency reflexes). The second phase 
is based on longer-lasting changes to muscular activation. In contrast to healthy subjects, 
previous studies showed that patients with total vestibular loss produce the second response 
only. Moreover, this reaction is “local” (head extension). In the majority of subjects, a slowly 
downward drifting movement of the eyes was observed during neck muscle vibration. Con-
clusion: Our study elucidates the role of neck proprioception in upright stance control, the 
correct functioning of which vitally depends on the integrity of the vestibular system. Ocu-
lomotor responses observed in this study were more probably part of a general postural 
synergy and not of the cervico-ocular reflex, and could be interpreted as a remnant of the 
tonic postural reflex.

Súhrn
Úvod: Cieľom práce bolo štúdium reflexov zo svalov dolných končatín a očných pohybov, 
v kontexte posturálnych synergií, ktoré boli evokované vibráciou zadného krčného svalstva. 
Metodika: Vyšetrili sme 12 zdravých osôb. Zaznamenávali sme elektromyografiu (EMG) 
z dolných končatín, náklonovú dráhu (posturografia), pozíciu segmentov tela a elektrooku-
lografiu v náväznosti na pulzy vibrácie zadných krčných svalov, ktoré trvali 2 sekundy. Hodno-
tili sa spriemernené odpovede. Výsledky: Posturálna odpoveď na vibráciu zadného krčného 
svalstva pozostáva z krátkeho fázického posunu centra oporných síl dozadu, na ktorý nadvä-
zuje dlhšie trvajúci posun dopredu. Telo sa počas tejto fázy pohybuje dopredu. Prvá fáza 
začína svalovými reakciami, ktorých latencie sú porovnateľné s posturálnymi reflexami vyvo-
lanými galvanickou stimuláciou vestibulárneho aparátu, ktoré sú známe z minulosti (krátko- 
a strednelatenčné reflexy). Podkladom druhej fázy sú dlhšie trvajúce zmeny svalovej aktivácie. 
Narozdiel od zdravých probandov, už publikované práce ukázali, že pacienti s bilaterálnou 
vestibulárnou afunkciou majú len druhú časť odpovede a aj tá má len „lokálny“ charakter 
(extenzia hlavy). Väčšina probandov mala počas svalovej vibrácie pomalý fázický pohyb očí 
smerom dolu. Záver: Naša práca osvetľuje úlohu krčnej propriocepcie v regulácii vzpriame-
ného postoja, ktorej správne fungovanie vitálne závisí na integrite vestibulárneho systém. 
Celkový vzorec pohybov tela a očí nie je možné jednoducho vysvetliť vestibulo-okulárnymi 
a cerviko-okulárnymi reflexami. Predpokladáme, že sú skôr pozostatkom tonických krčných 
reflexov, ktorá sa objavujú u ľudských dojčiat a zvierat.
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Introduction
Proprioceptive input from the neck con-
tributes to reflexive coordination of the 
eye, head, and body position as well as 
to the perception of the body and of tar-
gets in the extrapersonal space. Distur-
bance of these signals may cause dizzi-
ness with imbalance (see [1] for a review). 
The most important source of proprio-
ceptive information originates from the 
deep neck muscles that are extensively 
furnished with muscle spindles [2]. Ex-
perimentally, these elements can be sti-
mulated by muscle vibration that sele-
ctively stimulates primary endings of the 
muscle spindles, having the same effect 
as muscles stretching [3]. If applied uni-
laterally to the posterior neck muscles, 
the CNS interprets this as “erroneous” 
signal and shifts the subjective “straight 
ahead” towards the side of the vibrated 
neck muscle [4] as well as it elicits the il-
lusory motion of a target light in the dark 
towards the contralateral side [5].

Bilateral vibration of posterior neck 
muscles in standing humans causes an 
erroneous perception of backward incli-
nation of the body to which the postu-
ral reaction is leaning forward [6,7]. This 
reaction vitally depends on the integrity 
of the vestibular system. Its absence in 
patients with vestibular loss [8] supports 
previous evidence that neck propriocep-
tion is interpreted in the context of ves-
tibular signals evoked by head move-
ment  [9,10]. Electromyographic (EMG) 
responses of lower limb muscles occur 
with a  latency of 70–100 ms after an 
onset of neck muscle vibration [11]. It is 
still unclear whether these reflexes are 
unspecific or crucial for eliciting body 
sway, because vibration-induced muscle 
reflexes, sway path, and body move-
ments have not been measured simulta-
neously. Furthermore, associated eye mo-
vements have not been studied yet. They 
may reveal important insights into the 
physiology of vibration-induced postural 
reactions. It is possible that these vestibu-
lo-spinal responses could occur without 
involvement of eye movements. How
ever, an association between eye move-
ments and postural destabilization has re-
cently been described [12]. In addition, 
the direction of sway induced by neck vi-
bration depends on gaze direction [13]. 
To be able to compare leg muscle EMG 
with posturographic data, we recorded 

lower limb EMG, sway path (posturogra-
phy) and the position of body segments 
in the same setting during neck muscle 
vibration. Furthermore, eye movements 
were recorded using electro-oculography.

Methods
Subjects
Twelve healthy volunteers (seven men, 
ages 20–35 years) participated in two test 
series (see below) after giving their infor-
med consent according to the Declaration 
of Helsinki. Participants had no neurologi-
cal or musculoskeletal disorder. In addition, 
they were under influence of no neuro
tropic substance that could affect balance 
or other assessed domains. The study was  
approved by a local ethics committee. 

Muscle vibration
Vibration was applied bilaterally with 
two identical cylindrical vibrators conta-
ining a DC micromotor (Faulhaber, type 
2842C, Germany) with eccentric weights 
on both ends of the axes. The motors ope-
rated at 20 V  induced a 70 Hz vibration 
with 1.4 mm peak amplitude. The cylin-
ders containing the motors were mounted 
on a flat plate (7.0 × 2.0 cm) positioned so 
that their centers were approximately 5 cm 
above the spinous process of the 7th cervi-
cal vertebra and 4 cm lateral from the mid-
line. In this position, they stimulated lower 
sections of the splenius muscle and upper 
sections of the trapezius muscle. Vibra-
tors were taped onto the skin and secured 
with an elastic dressing around the dorsal 
neck area, the chest, and under the arm-
pits. An accelerometer was placed on the 
vibrator to assess electromechanical delay 
between a trigger signal (computer com-
mand) and physical vibration stimulus. The 
very first mechanical event occurred 23 ms 
after the trigger signal; the first peak (25% 
of the first rotation) was achieved at 31 ms 
when it had 20% of steady state peak-to-
-peak amplitude. This moment was arbit-
rarily taken as the onset of vibration, and 
31 ms (trigger delay) were always subtrac-
ted when calculating postural, positional, 
and EMG response latencies. The first re-
volution of the motors was completed 
44 ms after a trigger impulse.

Experimental setup and data 
evaluation
A series of two separate studies were per-
formed. During the experiments, subjects 

were standing in an upright position and 
had their eyes closed. 2-second-long vib-
ration pulses were applied at random in-
tervals (duty cycle 5–15 s).

Study 1
To investigate changes to the center of 
foot pressure (COP) during 2-s-long vib-
ration pulses, the subjects stood upright 
on a posturographic platform with their 
eyes closed (Kistler, type 9281B, Swit-
zerland). The heels of their feet were 
touching each other and the feet made 
an angle of 30°. Arms were crossed on 
the chest. Ten pulses of vibration were 
applied. The anterior-posterior (a-p) COP 
path was sampled at 40 Hz and the mean 
calculated for each subject (see below). 
Amplitudes and latencies of each sub-
ject‘s curves were defined by inspection. 
During the same experiments, move-
ments of several body segments were re-
corded using an ultrasonic device (Zeb-
ris, type CMS 70P, Germany). This system 
continuously calculates 3-D spatial posi-
tions of small ultrasound emitting mar-
kers that were firmly taped to moving 
body parts. Four markers were placed 
on the left site of the body: 1. head mar-
ker, over the zygomatic arch; 2. shoulder 
marker, over the greater tubercle of the 
humerus; 3. hip marker, over the ante-
rior superior spine of the iliac bone; and 
4. knee marker, over the lateral epicon-
dyle of the femur. Three-dimensional co-
ordinates of the four markers were sam-
pled at a frequency of 40 Hz each. From 
these data, time-dependent position of 
the markers in the sagittal plane was de-
picted as well as the angles between the 
four body segments (shank, thigh, trunk, 
and head) and the horizontal plane. Seg-
ments were defined as lines connecting 
the corresponding markers. The segment 
between shoulder marker and head mar-
ker was termed “head” and thus also co-
vered the neck. To calculate the angle 
between shank and the horizontal plane, 
a  stationary foot marker was automati-
cally added by the software at a distance 
from the knee, scaled to the height of the 
subject. The means (10 responses) for in-
dividual subjects were evaluated in the 
same way as the posturographic traces.

Study 2
To record electromyographic activation 
of leg muscles and eye movements du-
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ring 2-s-long vibration pulses, the sub-
ject stood upright with their eyes clo-
sed. Since postural EMG activation can 
be better seen in pre-activated muscles, 
the subject leaned forward (in order to 
activate the gastrocnemius and biceps 
femoris muscles) and backward (acti-
vation of the anterior tibial and quadri-
ceps muscles) in separate trials. Each trial 
was repeated once, resulting in 40 vib-
ration pulses altogether. In this setting, 
electromyographic (EMG) activity of four 

leg muscles was recorded bilaterally: an-
terior tibial, medial gastrocnemius, qua-
driceps, and biceps femoris. Two silver 
cup electrodes filled with electrode gel 
were attached to the muscle bellies (3 cm 
apart), and signals were recorded in a bi-
polar fashion. (Amplification: gain 1,000, 
filter 10–1,000 Hz). These data were di-
gitized (2,000 Hz) and continuously sto-
red on a digital disk together with trig-
ger impulses. EMG signals were rectified 
off-line after high-pass filtering to elimi-
nate baseline shifts and then averaged for 
each subject (separately for leaning for-
ward and backward). The time window 
for averaging ranged from 200 ms be-
fore the trigger to 1,900 ms afterward. 
To detect any change of muscular acti-
vity during vibration, the mean EMG am-
plitude during three 100-ms-intervals 
(–100 to 0 ms; 900 to 1,000 ms; 1,800 
to 1,900 ms) was computed for each sub-
ject and evaluated statistically (ANOVA 
for repeated measures). Vertical and ho-
rizontal eye movements were recorded 
with electro-oculography (EOG) using 
Ag/AgCl electrodes (gain 1,000; filters  
0.1–100 Hz) while the eyes were closed. 
The EOG was carefully calibrated. The eva-
luation included measurement of vertical 
slow phase velocity from 1,200 ms before 

the onset of vibration until 2,000 ms after 
the onset. These measurements were per-
formed by automatically fitting a  line to 
eye movement segments not containing 
saccades [14]. This resulted in 2–15 seg-
ments for each vibration trial, the steep
ness of which (slow phase velocity) was 
stored together with the time at which 
this steepness was measured. These me-
asurements as well as all other evaluati-
ons were made by software programmed 
in MATLAB (The MathWorks Inc., Natick, 
MA, USA). 

Results
Study 1, posturography and 
measurements of body position
After an onset of neck vibration, a slight 
transient backward shift of the COP be-
ginning at 106 ms (L1 in Fig. 1 left) was 
recorded for all subjects that reverted to 
a sustained forward COP movement star-
ting at 359 ms (L2 in Fig. 1 left, Tab. 1). 
The amplitude of the first backward shift 
was 4.5 mm (S.D. 3.1 mm; A1 in Fig. 1 
left), the maximum amplitude of the for-
ward COP displacement occurring at la-
tency L4 was 9.2 mm (S.D. 8.9 mm; mar-
ker ‚A2‘, Fig. 1 left).

The positional data from the ultra-
sound markers showed a  forward mo-

Fig. 1. Patterns of postural changes during neck vibration.
Left: Posturographic measurements. Schematic center of pressure (COP) changes in ant-post direction, up: forward. L1–L4 denote 
the latencies at which important changes occur. A1 denotes the amplitudes of a small initial transient backward COP movement, 
which is followed by a sustained forward movement with amplitude A2.
Middle: Position of ultrasound markers attached to the knee, hip, shoulder, and head during neck muscle vibration in the sagittal 
plane. Note that the head starts to move forward (individual averaged traces).
Right: Angles between four body segments and the horizontal (individual averaged traces). Note that all segments tilt forward in 
an uniform. The whole body reacts as an inverted pendulum.
ant – anterior; post – posterior

Tab. 1. Latencies (in ms, ± stan-
dard deviation) for posturogra-
phic measurements (COP) and for 
the movement initiation in the 
specific body segments (ultraso-
nic movement analysis system).

COP
L1 106 ±2

L2 359 ±57

Marker

head 147 ±62

shoulder 186 ±55

hip 312 ±84

knee 476 ±06

Note the onset of cranial-to-caudal  
sequence of movement.
COP – Center Of foot Pressure.
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vement of all body segments for all sub-
jects with the exception of a minor initial 
backward movement of knee and hip in 
six of 12 subjects. The onset of the for-
ward movement, as defined on the in-
dividual traces of subjects, varied from  
147 ms (head) to 476 ms (knee) i.e., the 
head led the body (Tab. 1, Fig. 1 middle). 
During a 2-s vibration period, as the whole 
body bent forward in a uniform manner, 
angles between the individual body seg-
ments and horizontal plane decreased 
slowly by –2 degrees (Fig. 1 right). The 
head segment reacted in conjunction with 
the other segments and never showed an 
“individual” reaction, albeit the stimulus 
was applied only at this segment.

Study 2, electromyography and 
electro-oculography
When the subject leaned forward, there 
was a reduction of activity in the gastro
cnemius and biceps femoris muscles be-
ginning at 70 ms and lasting for 500 ms. 
There was a biphasic pattern at the begin-
ning of reduced EMG activity, with trou-
ghs at 90 and 150 ms (Fig. 2). Latency dif-
ference of these troughs between thigh 
and shank muscles was about 2.5 ms. 
Thereafter, a slow increase in EMG acti-
vity was noted in these two muscles as 
the body moved further forward. Cor-
responding quadriceps and anterior ti-
bial muscles showed little activity during 
forward leaning and two small peaks at 

90 and 150 ms, at the time when the 
two troughs were seen in the posterior 
muscles.

When the subject leaned backward, the 
quadriceps and tibialis anterior muscles 
were pre-activated. Initially, they showed 
increased activity with two small peaks at 
90 and 150 ms, followed by a slow de-
crease in muscular activity. In this setting, 
the biceps femoris as well as the gastro
cnemius muscles showed comparably lit-
tle activity.

An ANOVA for repeated measures of 
the mean amplitudes at –100 to 0 ms, 
900 to 1,000 ms, and 1,800 to 1,900 ms 
showed a significant effect of “time” for 
all muscles during forward leaning and 

Fig. 2. Averaged EMG traces of left and right leg muscles in all subjects.
Left column: When the subject leans backwards before the stimulus begins, the quadriceps and tibialis anterior muscles show 
a higher pre-stimulus activity than their antagonists. Beginning at 70 ms after the vibration, two phasic activations are seen in these 
muscles. They are followed by a slow decrease of activity, during which the body moves forward. Correspondingly, the activity of 
the antagonists slowly increases.
Right column: When the subject leans forward, a sequence of two transient inhibitions of the biceps and gastrocnemius muscles 
after stimulus onset can be seen. A slowly increasing activity of the biceps and gastrocnemius muscles is seen as the vibration conti-
nues. Black horizontal lines indicate the epochs during which average amplitudes were computed for statistical evaluation.
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for flexor muscles during backward lea-
ning only. 

The EOG traces of six subjects showed 
a  clear down-drift eye movement with 
frequent saccades upward resembling an 
upbeat nystagmus. Four subjects showed 
discrete, transient down-drift eye move-
ments, and two subjects had a slight up- 
-drift eye movement. Mean slow phase ve-
locities of the down-drift eye movements 
were in the range of 2 to 6 deg/s and dif-
fered between the subjects (Figs 3 and 4). 
In some subjects, down-drifting eye mo-
vements could also be seen before the 
onset of the actual stimulus (measured 
from 200 ms before the beginning of the 
vibration).

Discussion
In this study, we aimed to answer 
three questions: what is the correlation 
between postural reactions and muscu-
lar reflexes caused by vibration, which 
pattern of postural changes can be elici-
ted by this stimulus and does this stimu-
lus evoke eye movements detectable by 
means of electro-oculography?

Our posturographic measurements 
showed that the forward movement of 
the body caused by neck vibration consi-
sts of two phases: first, the COP shifts to 
the heels (from 106 to 359 ms), and, due 
to this shift, the body falls forward. Du-
ring this fall, the COP moves to the toes, 
causing the fall to terminate by achieving 
equilibrium of the body in a forward, bent 
position. The first component can be cau-
sed by either contracting the tibialis an-
terior muscle or releasing the gastrocne-
mius activation. Exactly these phenomena 
were observed in the EMG responses, i.e., 
when leaning backwards, the tibialis an-
terior muscle increased its activity starting 
at 70 ms, whereas during forward lea-
ning, the gastrocnemius released its force 
at the same time. In our recordings, these 
EMG reflexes have a  mirror-image like 
polarity in the anterior and posterior leg 
muscles. The basic pattern of these vib-
ration-induced leg muscle responses was 
first described by Andersson and Mag-
nusson in 2002 [11]. The fast EMG com-
ponents at 90 and 150 ms seem to re-
present the short and medium latency 
components described after galvanic ves-
tibular stimulation [15–17]. These laten-
cies are in the same range as the fast ves-
tibulospinal reflexes elicited by loud tones 

Fig. 3. Horizontal (left) and vertical (right) eye movements before and during 
15 cycles of neck vibration in one representative subject.
The time axis denotes that these traces start 1,000 ms before vibration onset (at 0 ms) 
and continue for one vibration cycle (2,000 ms). The traces on the right show a down-
-drifting eye movement with frequent upward saccades.
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Fig. 4. Slow-phase velocity (SPV) of 12 subjects in three different epochs of the 
stimulation cycle.
For evaluation, the eye movement traces of 4 tests (2× lean forward, 2× lean back
ward ) with 10 vibration pulses each were evaluated. This resulted in 456 SPV-epochs 
per subject on average (range 28–834) which were detected and analyzed. Negative 
values denote down-drifting eye movements. For each subject, 3 bars are plotted. The 
leftmost bar (black) denotes average SPV before vibration onset (from –200 to 0 ms); 
the middle bar (gray) denotes average SPV from onset to 1,000 ms; the right bar 
(white) denotes SPV from 1,000 ms after begin until the end of vibration.
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prioceptive signals converge in the lateral 
vestibular nucleus and in the reticular me-
dullary nucleus on neurons of the vesti-
bulo- and reticulo-spinal tracts, respecti-
vely [29]. In monkeys, a convergence of 
proprioception and vestibular informa-
tion has been observed in the cerebellar 
vermis and fastigal nucleus [30]. In these 
recordings, vestibular information is re-
presented in body-centered rather than 
head-centered coordinates. Thus, in our 
experiments, a postural reaction occurs 
even without direct vestibular stimula-
tion, because of the sum of vestibular 
and proprioceptive neck signal changes. 
This explanation is basically identical with 
the one proposed by Lekhel and collea-
gues [8]. However, we would formulate it 
so as to avoid the possibility of interpre-
ting these reactions as being consciously 
initiated (interpretation of the body lea
ning backwards). Conscious processes 
can be excluded on the basis of the la-
tency of the observed reactions. 

We interpret the oculomotor responses 
observed in our study as part of a gene-
ral postural synergy and not on the basis 
of a cervico-ocular reflex (COR). The COR 
would cause the eyes to move opposite 
to the erroneously perceived head move-
ment, i.e. upwards. There is some contro-
versy about the direction of the COR that 
has, in the horizontal plane, a compens-
atory (counter-to-head rotation) tonic 
component and it has an anticompensa-
tory phasic component effective only at 
very low velocities [29]. Data on vertical 
COR have been reported for rabbits [31] 
but, to our knowledge, are lacking for pri-
mates. A vestibulo-ocular reflex can also 
be excluded, since it would cause upward 
eye movements during forward head ro-
tation. Thus, the posturo-ocular synergy 
we observed could be interpreted as 
a remnant of a tonic postural reflex that 
Magnus [32] described in a cat.

Conclusion
In our study with posterior neck vibration 
we showed that the neck vibration-cau-
sed forward movement of the body consi-
sts of two phases. The first and very rapid 
reaction caused by EMG activity in lower 
limb muscles is mediated by vestibulospi-
nal reflex. The second, more complex sy
nergy, reflects coupled engagement of all 
body segments and starts by head move-
ment. In contrast to normal subjects, pre-

perceptual phenomena induced by neck 
vibration that are also reported to be in-
ter-individually different [13,21]. Down- 
-drifting eye movements evoked by bila-
teral posterior neck muscle vibration have 
been previously seen in subjects with 
fixed head [22,23], whereas in animal ex-
periments, this stimulus was reported to 
cause up-drifting eye movements  [24]. 
The latter direction would be compatible 
with a cervico-ocular reflex compensating 
for a distension of posterior neck muscles. 
Considering the difference in locomotion 
(quadrupedal vs bipedal), it seems possi-
ble that these reflexes are different in 
man and monkey. 

The eye movements observed in our 
experiments outlasted the stimulus. Ex-
periments using unilateral vibration to in-
vestigate the effects on walking in place 
have shown that the effect of neck vibra-
tion can outlast the actual stimulus: after 
the onset of stimulation a delay of up to 
10s was noted before subjects began to 
rotate, and rotation continued for some 
time after the end of stimulation [25,26]. 
The authors of the latter study attribu-
ted this delay to the necessity to integrate 
neck proprioceptive inflow into the neural 
circuits’ activity responsible for construc-
tion of spatial references. 

Thus, besides the fast postural reflexes 
seen on the EMG traces of every subject, 
there seems to be at least one other phy-
siological process with longer time con-
stants or possibly integrator capacity. We 
assume that it is responsible for the recor-
ded eye movements and possibly also for 
the perception of the assumed body po-
sition. However, the latter two processes 
may be broken down further since dis-
sociation between vibration-induced eye 
movements and perceptual phenomena 
has been reported and taken as evidence 
for separate mechanisms responsible for 
these phenomena [21].

We propose that the observed proces-
ses should be interpreted with a model 
that suggests that an intermediate level 
of sensory processes exists above the low 
level of peripheral reflexes. The position 
of the body is reconstructed in ‚body-in-
-space‘ coordinates [27,28]. This is achie
ved by subtracting intersegmental pro-
prioceptive signals of the body from the 
signals of the vestibular organ. This con-
cept is substantiated by experimental evi-
dence: in a cat, vestibular and neck pro-

stimulating the sacculus [18] or proprio-
ceptive stimulation by tapping the head 
or chest with a reflex hammer [19]. Our 
current data provide evidence that these 
reflexes are not merely unspecific epiphe-
nomena but represent muscular activa-
tion that causes the first part of synergy 
(shifting the COP to the heels), subse-
quently leading to forward fall of the 
body. Due to the inertia of the body, the 
second part of the synergy is slower and 
is represented by statistically significant 
activation changes of leg muscles during 
the 2-s-vibration period. 

The head started to move forward at 
147 ms after the onset of the stimulus. 
The angle between different body seg-
ments and the horizontal plane chan-
ged by the same degree, i.e., inter-seg-
mental angles remained stable and the 
body moved as an inverted pendulum 
with the ankle joint as pivot. The poste-
rior neck muscles, to which vibration was 
applied, did not seem to react at all. This 
is indicated by the fact that the head seg-
ment showed no other inclination com-
pared to the other body segments. Thus, 
the posterior neck muscles did not react 
on a “local” basis with a contraction, as 
would be the case if the vibration signal 
was interpreted by local stretch reflex me-
chanisms as is the case in subjects with 
vestibular loss [8]. Similarly to Lekhel et 
al [8], we did observe “local” reaction in 
our previous study [20]. Contrary to nor-
mal subjects, posterior neck vibration pul-
ses led to consistent backward extension 
of the head in all three patients with total 
vestibular loss. This confirmatory finding 
emphasizes the role of neck propriocep-
tion in upright stance control that also vi-
tally depends on the integrity of the ves-
tibular system.

In the majority of subjects, the forward 
bending movement of the body was ac-
companied by a  rather constant down-
ward eye movement that was interrup-
ted by upward saccades, resulting in 
an upbeat nystagmus. EOG allowed us 
to measure these eye movements even 
when the subject had their eyes closed. 
Down-drifting eye movements were also 
frequently seen before a  new stimulus 
began, i.e. they outlasted the preceding 
stimulation. Although all subjects showed 
the described postural changes, direction 
and velocity of eye movements differed 
among the subjects. This is similar to the 
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vious studies showed that patients with 
total vestibular loss produce the second 
response only. Moreover, this reaction is 
not “contextual” but “local” (head ex-
tension). In this context, our study eluci-
dates the role of neck proprioception in 
upright stance control, correct functio-
ning of which vitally depends on the in-
tegrity of the vestibular system. With re-
spect to clinical practice, our data partially 
explain why some individuals with cervical 
functional block (and/or pain syndrome) 
suffer from dizziness (so called “cervical 
vertigo”) but others do not [1]. We hypo-
thesize that those with cervical block and 
dizziness suffer from clinically relevant or 
subclinical vestibular hypofunction that 
is unmasked if cervical proprioceptive in-
formation is no more relevant. In the si-
tuation of intact vestibular system, it co-
rrectly detects that neck proprioceptive 
afferent input is false (modified and sus-
tained firing of IA afferent fibers). It does 
not rely on its information and must react 
properly in the context of all body orien-
tation in space.

Oculomotor responses observed in this 
study were more probably a part of a ge-
neral postural synergy and not a cervico-
ocular reflex (COR) and could be inter-
preted as a remnant of the tonic postural 
reflex.
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