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Effects of upper cervical HVLA manipulation on
static and dynamic balance parameters in
healthy adults — a systematic literature review
Wptyw manipulacji HVLA gérnych kregow szyjnych na parametry rownowagi statycznej i

dynamicznej u zdrowych dorostych — systematyczny przeglad literatury

Przemystaw Malich1, Agata Pasternak2, Danuta Lietz-Kijak3, Aleksandra Bitenc-Jasiejko3,
Piotr Skomro3, Konrad Kijak4, Malgorzata Kowacka5, Zbigniew Sliwinski6

"University of Health in Gdansk, Poland

2Private Clinic ,Good Life Clinic” in Gdansk, Poland

3Department of Propaedeutic, Physical Diagnostics and Dental Physiotherapy, Pomeranian Medical University in Szczecin, Poland
4 Independent Public Clinical Hospital No. 1 of the Pomeranian Medical University in Szczecin, Poland

5Independent Public Health Care Complex in Zarki, Poland

SDepartment of Physiotherapy, Collegium Medicum UJK in Kielce, Poland

Abstract

Background. Balance is a complex concept that applies not only to tasks with a reduced base of support, but also to everyday activities that require us to
maintain a fixed position. Just as the concept itself is broad, the mechanisms for maintaining balance are complex and rely on information received from many
regions of the body and organs.

Objective. The aim of this systematic literature review is to analyse whether HVLA manipulation of a blocked C0-C1 segment can affect static and dynamic
balance parameters in healthy adults.

Methods. Based on the available literature, accessed via PubMed, Google Scholar, Scopus, EBSCO databases, a detailed search of the electronic literature was
performed for 2010-2023. Eligible studies were chosen according to inclusion and exclusion criteria, using keywords: static balance, dynamic balance,
manipulation, HVLA. Out of 114 manuscripts, 82 were short-listed for the preliminary review process. Twenty experimental studies were selected for final
analysis.

Results. Out of the 20 publications analysed, 14 examined the effect of HVLA manipulation on balance parameters. In most cases, the study groups consisted of
people with no dysfunction or complaints and/or people with neck pain. The most commonly studied parameter was static balance in standing: 17 of 20
publications. For the cervical spine, 50% of the studies found a significant improvement in the parameters studied in the immediate assessment, while in the
delayed assessment there were as many significant positive results as there were results with no effect on balance. In the analysis of a subset of trials that
examined only asymptomatic patients, partial or significant positive effects were observed in both immediate and delayed assessment.

Conclusions. We were not able to identify studies that would provide a clear answer to the research question. Based on the publications included in the
review, it can be assumed that HVLA manipulation in the cervical region has the potential to affect balance in healthy adults, but the number of available
studies is too small to draw firm conclusions. Further research in this area is therefore warranted.

Keywords
static balance, dynamic balance, manipulation, HVLA, podoscope

Streszczenie

Wprowadzenie. Rownowaga to skomplikowane pojecie, ktore dotyczy nie tylko zadan z ograniczona baza wsparecia, ale takze codziennych czynnosci
wymagajacych od nas utrzymania statej pozycji. Tak, jak szerokie jest samo pojecie, mechanizmy utrzymania réwnowagi sg rowniez ztozone i opieraja sie na
informacjach odbieranych z wielu obszaréw ciata i narzadéow.

Cel. Celem tego systematycznego przegladu literatury jest analiza, czy manipulacja HVLA zablokowanego segmentu C0-C1 moze wplywac na parametry
réwnowagi statycznej i dynamicznej u zdrowych dorostych.

Metody. Na podstawie dostepnej literatury, uzyskanej za pomoca baz danych PubMed, Google Scholar, Scopus, EBSCO, przeprowadzono szczegétowe
wyszukiwanie literatury elektronicznej w latach 2010-2023. Odpowiednie badania zostaly wybrane wedtug kryteriéw wtaczenia i wykluczenia, uzywajac
stow kluczowych: réwnowaga statyczna, rownowaga dynamiczna, manipulacja, HVLA. Sposréd 114 prac 82 zostaty wybrane do wstepnego procesu recenz;ji.
Dwadzie$cia badan eksperymentalnych zostato wybranych do ostatecznej analizy.

Whyniki. Sposrdéd 20 przeanalizowanych publikacji 14 badania dotyczyto wptywu manipulacji HVLA na parametry réwnowagi. W wiekszosci przypadkow
grupy badane sktadaly sie z 0s6b bez dysfunkcji ani zastrzezen i/lub oséb z bélem szyi. Najcze$ciej badanym parametrem byta réwnowaga statyczna w
pozycji stojacej: 17 z 20 publikacji. Dla kregostupa szyjnego 50% badan wykazato znaczacg poprawe w badanych parametrach w ocenie natychmiastowej,
podczas gdy w ocenie odroczonej liczba znaczaco pozytywnych wynikow byta taka sama jak liczba wynikéw bez wplywu na rownowage. W analizie
podzbioru badan obejmujacych tylko pacjentéw bezobjawowych zaobserwowano czesciowe lub znaczace pozytywne efekty zar6wno w ocenie
natychmiastowej, jak i odroczone;j.

Whioski. Nie byliSmy w stanie zidentyfikowa¢ badan, ktore dostarczytyby jednoznacznej odpowiedzi na pytanie badawcze. Na podstawie publikacji
uwzglednionych w przegladzie mozna przypuszczac, ze manipulacja HVLA w regionie szyjnym ma potencjat wptywania na rownowage u zdrowych dorostych,
jednak liczba dostepnych badan jest zbyt mata, aby wyciagna¢ ostateczne wnioski. Dalsze badania w tym zakresie sg zatem uzasadnione.

Stowa kluczowe
réwnowaga statyczna, rownowaga dynamiczna, manipulacja, HVLA, podoskop

210 doi.org/10.56984/8ZG1436RB www.fizjoterapiapolska.pl



Introduction

Balance is a complex process that involves the interaction of
many organs with a complex physiology and anatomy. The
main tasks of the balance system include providing up-to-
date information about the body’s position in space, reacting
quickly to prevent falling, and controlling eye movements to
maintain a constant view of the surrounding space [1].
Balance disorders can be caused by a number of
dysfunctions, including neurological conditions, nervous
system injuries, disorders of the soft tissues adjacent to
neural structures or muscular imbalances. Some causes are
reversible, others are not. There are a number of tests that
can be used to check a patient’s balance. However, they are
more or less subjective. Objective balance assessments can
be made with the use of equipment such as the
pedobarograph, which produces stabilograms. By detecting
and monitoring pressure points and the position of the centre
of gravity projection, it is possible to observe sway and
asymmetries that may be indicative of balance disorders.
Balance involves many parts of the body and relies on
different mechanisms, e.g. reflex pathways of lower limb
muscles [2]. The head and neck play a key role in the
process, due to a significant number of proprioceptors
responsible for the execution of coordinated, corrective
and targeted movements [3].

The interdependencies described above raise the question
of whether interventions in the neck region can have a
measurable effect on balance parameters.

HVLA (high velocity, low amplitude) manipulation
According to one recent definition, manipulation is the
separation of opposing articular surfaces of a synovial
joint, caused by a force applied perpendicularly to those
articular surfaces that results in cavitation within the
synovial fluid of that joint [4]. HVLA manipulation is
characterised by high speed and low amplitude of the
thrust applied by the therapist. This method follows
specific principles to ensure that the treatment is as
targeted and controlled as possible. The effectiveness of
HVLA manipulation is thought to be rooted in
neurophysiological mechanisms [5, 29].0n this basis, it
has been demonstrated that this type of intervention can
produce an increase in the pain threshold, among other
effects, and therefore manipulation techniques can be
effective in the treatment of some cases of chronic pain
[6]. The intervention affects not only mechanical
parameters, like range of motion [7], but also other
systems. Studies have also shown positive effects on grip
strength or lowering blood pressure [8]. By affecting the
autonomic nervous system, HVLA manipulations can also
induce changes in heart rate variability and skin
conductance [9].

Objective

The aim of this systematic literature review is to analyse
whether HVLA manipulation of a blocked C0-C1 segment
can affect static and dynamic balance parameters in
healthy adults.

www.fizjoterapiapolska.pl
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Material and methods

Based on the available literature, accessed via PubMed,
Google Scholar, Scopus, EBSCO databases, a detailed
search of the electronic literature was performed for 2010—
2023. Eligible studies were chosen according to inclusion
and exclusion criteria, using keywords: static balance,
dynamic balance, manipulation, HVLA, podoscope. Out of
114 manuscripts, 82 were short-listed for the preliminary
review process. Twenty experimental studies were selected
for final analysis.

The selected manuscripts represented different types of
publications: randomised trials, randomised double-
blinded trials, cross-sectional studies, clinical experiments,
pilot studies. The selection process was based on the PICO
model and inclusion and exclusion criteria.

Inclusion criteria:

* intervention: HVLA spinal manipulation

« factors studied: balance parameters

* measurement method: podoscope, stabilometric force
platform

* study duration: immediate and/or delayed effect

Exclusion criteria:

* type of publication: case study

* study group: age under 18 years, limited communication
with the patient, conditions like balance disorders,
neurological conditions

Results

The 20 experimental studies included in the final analysis
are presented in Table 1. The information provided in the
Table includes the studied body part, whether and what
intervention was undertaken, the studied effect: immediate
and/or delayed, as well as the parameters studied and tests
performed to assess them.

Of the 20 studies selected for this review, 14 examined the
effect of spinal manipulation. The remainder were
designed to assess the effects of different aspects of the
cervical spine on postural parameters. The publications
included in the review varied in terms of the target
populations. The largest proportion (45%) included groups
of people not affected by disease, dysfunction or any
complaints associated with the subject of the study.

The second most common category were people with pain
in the cervical spine (30%). The remaining studies
investigated people with lower back pain (15%) and
asymmetries or restrictions in cervical spine mobility
(10%) (Fig. 1).

All trials that included some form of intervention chose
HVLA manipulation. Only one trial additionally compared
it with LVVA manipulation. In terms of the frequency of
the intervention, only one trial repeated the manipulation
several times. For the other publications, the intervention
was performed only once in each participant.

21
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EXPERIMENTAL GROUP
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45%
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cervical spine
asymimetry/restricti
on

Fig. 1. Percentage distribution of experimental group categories in the analysed publications

In each of the trials analysed, the researchers assessed postural
and motor control parameters using stabilometric force plat-
forms, though representing different systems. The parameters
assessed in the selected studies were mainly static balance du-
ring standing, and in some cases additionally dynamic balance
in perturbed standing. Only two publications examined balan-
ce parameters during gait (Fig. 2). In the trials assessing chan-

ges in parameters during standing, participants were asked
to perform different tasks: quiet standing with eyes open, quiet
standing with eyes closed, the Romberg test, and, for more dy-
namic conditions, standing with perturbation, single leg stance,
the limits of stability test (leaning out of balance) and the sit-
to-stand test (Fig. 3). In the assessment of gait, no additional
tasks were used.

Parameter assessed

18
16
14
12
10

(=T S B S )

m static standing balance = dynamic standing balance m balance during gait

Fig. 2. Number of publications assessing each type of balance

Tasks performed during testing
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The majority of studies took into account only current re-
adings or the immediate effect of the intervention. Delayed ef-
fects were additionally assessed by six research teams, and
only one team made the assessment at the end of a series of
treatments, i.e. several weeks after the commencement of the
procedures (Fig. 4).

Those of the reviewed studies that investigated the effect of
altered cervical spine conditions on postural parameters, irre-

spective of the type of test and task, all found that cervical
spine conditions affected postural stability.

Studies that used HVLA manipulation reported a range of dif-
ferent outcomes in terms of balance. When considering all the
spinal regions included in the review, the results obtained were
very mixed: partial improvement, significant improvement, no
effect or worsening of parameters in the immediate post-inte-
rvention assessment (Fig. 5).

TIME TO ASSESSMENT OF EFFECTS

immediate and
delayed effect;
30%

Fig. 4. Percentage distribution of time to assessment of effects

only delayed
effect; 5%

only immediate
effect; 65%

IMMEDIATE EFFECT

negative effect
8%

no significant
effect
38%

significant
improvement
31%

partial
improvement

23%

Fig. 5. Percentage distribution of each type of immediate effect of HVLA manipulation in all the spinal regions under study

However, if only the cervical spine taken into account, the di-
stribution differs from the above, as shown in Fig. 6. Here, the
positive effects of manipulation prevail.

In terms of delayed effects, the results observed in the ce-
rvical spine are very similar to those observed across all

216
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spinal regions overall — improvement was observed as
often as no effect (Fig.7). In only one of the trials were the
delayed effects found to be better than the immediate ef-
fects. For the most part, the effects were the same or simi-
lar.
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IMMEDIATE EFFECT - CERVICAL SPINE

no significant
effect

13%

partial
improvement

37%

significant
improvement
50%

Fig. 6. Percentage distribution of immediate effects after cervical spine manipulation

DELAYED EFFECTS

m significant improvement m partial improvement = no significant effect

ALL REGIONS CERVICAL SPINE

Fig. 7. Quantitative distribution of each type of delayed effect for all spinal regions under study and for the cervical spine

When analysing the outcomes in asymptomatic patients, there is
a slight majority of positive effects across all regions of the spine
included in the analysis. Trials focusing on the cervical spine, on
the other hand, did not report negative effects or no effect — in
all cases, there was at least a partial improvement (Fig. 8).

In the case of asymptomatic individuals, few studies assessed
treatment outcomes over time. Those that did showed an even

www.fizjoterapiapolska.pl doi.org/10.56984/82G1436RB

distribution of results for both all spinal regions and the cervi-
cal spine, with the difference that all recorded results for the
cervical spine showed a smaller or larger but positive effect of
manipulation (Fig.9).

To obtain a more complete picture, correlation studies would
be needed. However, the sample was too small for a more so-
phisticated statistical analysis.
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IMMEDIATE EFFECT IN HEALTHY
INDIVIDUALS

m significant improvement = partial improvement

® no significant effect

ALL REGIONS

m negative effect

)

CERVICAL SPINE

Fig. 8. Quantitative distribution of each type of immediate effect in healthy (asymptomatic) individuals for all spinal regions

and for the cervical spine

DELAYED EFFECT OBTAINED IN HEALTHY
INDIVIDUALS

W significant improvement

ALL REGIONS

W partial improvement

no significant effect

CERVICAL SPINE

Fig. 9. Quantitative distribution of each type of delayed effect obtained in healthy (asymptomatic) individuals for all spinal

regions and for the cervical spine

Discussion

Many studies have attempted to demonstrate the
relationship between the cervical spine and balance
parameters. One such study was authored by Quek et al.
(Quek et al., 2013), who investigated the effect of cervical
asymmetry in people with neck pain on postural control

218
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measured using a force platform [10]. The study showed
that individuals with a confirmed asymmetry developed
compensatory mechanisms to maintain postural stability on
a level similar to those without such asymmetry. This
emphasises the link between the cervical spine and static
balance.

www.fizjoterapiapolska.pl



Similar conclusions were reached by Jergensen et al. (Jorgen-
sen et al., 2011), in a study of workers with high postural de-
mands, with and without neck pain, who were tested in a
series of balance tests using a force platform [11]. The study
found significantly higher rates of impaired postural balance
in people with neck pain. These conclusions are also suppor-
ted by the findings in Sadaat et al. (Sadaat et al., 2018) and
Cheng et al. (Cheng et al., 2015) [12, 13].

The effect of upper cervical HVLA manipulation on standing
postural parameters was investigated by Goémez et al. (Gomez
et al., 2020) in a population of patients with non-specific neck
pain. The participants were divided into two groups of equal
size, with the experimental group receiving a genuine HVLA
manipulation and the control group receiving a sham interven-
tion. Each participant was assessed four times: before the inte-
rvention, immediately after, and on days 7 and 15 after the
intervention. Postural data were captured using the NAMROL
PODOPRINT force platform. The participants were asked to
be as still as possible with eyes closed and relaxed jaw, witho-
ut occlusal contact. The study found significant changes in
postural parameters in the experimental group after HVLA
manipulation was applied. In contrast to the control group, in
the experimental group the velocity of the centre of pressure
displacement was significantly lower at the immediate asses-
sment, and continued to decrease progressively at the two
subsequent follow-up assessments, reaching a reduction of up
to 42.18%. Significant improvements in postural control are
also confirmed by the decreases in the path length and the sur-
face area described by the displacement of the centre of pres-
sure. The study also suggests that the greatest effect was only
seen on day 15, with little change observed immediately after
the intervention [14].

Similar observations were made by Romero del Rey et al.
(Romero del Rey et al., 2022), who investigated the effect of
manipulation on balance parameters in patients with chronic
neck pain. In their study, C1-C2 manipulation was compared
with manipulation at the mid cervical spine, cervicothoracic
joint and thoracic spine. Significant positive effects were ob-
tained in the upper cervical manipulation group [2].

Grassi Dde et al. found a correlation between the side of
joint restriction and the foot with greater contact area
(Grassi Dde et al., 2011), but nevertheless the results of
the studies described above are in stark contrast to other
studies that found no significant differences or no effect at
all using different types of manipulation in different parts
of the body (Grassi Dde et al., 2011)(Farazdaghi et al.,
2018)(Fagundes Loss et al., 2020)(Goertz et al., 2015)
[15, 16, 17, 18]. Ditcharles et al. even found a negative
effect of the thoracic HVLA manipulation on postural pa-
rameters (Ditcharles et al., 2017) [19]. The above findings
also conflict with another study — Fisher and her team fo-
und no significant differences in postural parameters after
applying HVLA manipulation to the cervical region (Fi-
sher et al., 2015). The difference in results may possibly
be attributable to differences in the protocol, such as the
lack of a specific spinal segment, or the reassessment of
parameters after as little as 5 and 10 minutes, with no fur-
ther follow-up [20].

www.fizjoterapiapolska.pl
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In terms of dynamic balance, in addition to Ditcharles
(Ditcharles et al., 2017), it was investigated by Delafon-
taine et al. (Delafontaine et al., 2022), whose experiment
included two test conditions with two different cervical
collars, a placebo condition with a simple tubular banda-
ge and a control condition with no additional restraint
[21]. The study participants were free of cervical spine
dysfunction. The experiment was designed to test whether
an alteration in cervical spine mobility would affect force
platform recordings during gait. The study showed that
the restriction of cervical spine mobility, which can be in-
duced by wearing a cervical orthosis with a high or low
rigidity, may have a negative effect on motor performan-
ce and postural organisation of gait initiation, but does
not alter the mechanisms of postural control and balance.
Nevertheless, the authors noted the risk of negative ef-
fects of cervical spine immobilisation on motor perfor-
mance in the elderly or those with pre-existing
neurological deficits.

Similar conclusions were reached by Hamaoui and Alami-
ni-Rodrigues (Hamaoui, Alamini-Rodrigues, 2017), altho-
ugh they used a ‘sit-to-stand’ test in their analysis [22].
The study group consisted of asymptomatic young women
with no history of cervical spine or balance disorders.
They were asked to perform the task on a force platform
while wearing three different neck collars that progressive-
ly restricted the mobility of the cervical spine. In that stu-
dy, too, motor performance was impaired with the gradual
loss of cervical spine mobility.

Only a handful of studies came close to answering the rese-
arch question at hand. The trials involved asymptomatic
adults who had no medical conditions that could affect the re-
sults. Two studies investigated the immediate effects of cervi-
cal spine manipulation. Unfortunately, their results did not
allow clear conclusions to be drawn about the outcome of the
treatment (Behrens et al., 2023) (Drayer, Kauwe, 2013) [23,
24]. Another trial examined the difference between interven-
tions in the upper and lower cervical spine, and found that
both led to significant improvements in balance, with lower
cervical spine manipulation producing better results (McKay,
2018) [3]. The effectiveness of upper cervical manipulation
was also confirmed by Nolan (Nolan, 2010) [25]. Healthy
adults were also studied by Uchiyama, who tested unilateral
stance and similarly observed positive effects on postural sta-
bility (Uchiyama et al., 2019) [26]. Positive effects have been
additionally reported in elderly patients over 65 years of age
(Lopez et al., 2011) [27].

Conclusions

The search and analysis of the currently available literature
did not identify any studies that would provide a clear
answer to the research question. Based on the publications
included in the review, it can be assumed that HVLA
manipulation in the cervical spine has the potential to
affect balance in healthy participants. However, the
effectiveness of the intervention specifically in the C0-C1
segment has not yet been demonstrated. There are several
available studies with a similar design, but the number is
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doi.org/10.56984/8ZG1436RB



s fizjoterapia poiska

too small to answer the research question unequivocally. Adres do korespondenciji / Corresponding author
There is a need for further trials, with a format closer to

the hypothesis and larger populations, as well as further Danuta Lietz—Kijak
research and development work to maximise the effective-

ness of HVLA therapy, which the author is doing. E-mail: danuta.lietzkijak@gmail.com
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