




















210

nr 3/2023 (23)

www.fizjoterapiapolska.pl

Effects of upper cervical HVLA manipulation on 
static and dynamic balance parameters in 
healthy adults – a systematic literature review

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 _ixed 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 _inal 
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 signi_icant improvement in the parameters studied in the immediate assessment, while in the 
delayed assessment there were as many signi_icant 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 signi_icant 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 _irm conclusions. Further research in this area is therefore warranted.
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Streszczenie
Wprowadzenie. Równowaga to skomplikowane pojęcie, które dotyczy nie tylko zadań z ograniczoną bazą wsparcia, ale także codziennych czynności 
wymagających od nas utrzymania stałej pozycji. Tak, jak szerokie jest samo pojęcie, mechanizmy utrzymania równowagi są również złożone i opierają się na 
informacjach odbieranych z wielu obszarów ciała i narządów.
Cel. Celem tego systematycznego przeglądu literatury jest analiza, czy manipulacja HVLA zablokowanego segmentu C0‑C1 może wpływać na parametry 
równowagi statycznej i dynamicznej u zdrowych dorosłych.
Metody. Na podstawie dostępnej literatury, uzyskanej za pomocą baz danych PubMed, Google Scholar, Scopus, EBSCO, przeprowadzono szczegółowe 
wyszukiwanie literatury elektronicznej w latach 2010–2023. Odpowiednie badania zostały wybrane według kryteriów włączenia i wykluczenia, używając 
słów kluczowych: równowaga statyczna, równowaga dynamiczna, manipulacja, HVLA. Spośród 114 prac 82 zostały wybrane do wstępnego procesu recenzji. 
Dwadzieścia badań eksperymentalnych zostało wybranych do ostatecznej analizy.
Wyniki. Spośród 20 przeanalizowanych publikacji 14 badania dotyczyło wpływu manipulacji HVLA na parametry równowagi. W większości przypadków 
grupy badane składały się z osób bez dysfunkcji ani zastrzeżeń i/lub osób z bólem szyi. Najczęściej badanym parametrem była równowaga statyczna w 
pozycji stojącej: 17 z 20 publikacji. Dla kręgosłupa szyjnego 50% badań wykazało znaczącą poprawę w badanych parametrach w ocenie natychmiastowej, 
podczas gdy w ocenie odroczonej liczba znacząco pozytywnych wyników była taka sama jak liczba wyników bez wpływu na równowagę. W analizie 
podzbioru badań obejmujących tylko pacjentów bezobjawowych zaobserwowano częściowe lub znaczące pozytywne efekty zarówno w ocenie 
natychmiastowej, jak i odroczonej.
Wnioski. Nie byliśmy w stanie zidenty_ikować badań, które dostarczyłyby jednoznacznej odpowiedzi na pytanie badawcze. Na podstawie publikacji 
uwzględnionych w przeglądzie można przypuszczać, że manipulacja HVLA w regionie szyjnym ma potencjał wpływania na równowagę u zdrowych dorosłych, 
jednak liczba dostępnych badań jest zbyt mała, aby wyciągnąć ostateczne wnioski. Dalsze badania w tym zakresie są zatem uzasadnione.
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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 up­to­
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].On 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 C0­C1 segment 
can affect static and dynamic balance parameters in 
healthy adults.

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

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

Fig. 3. Frequency of the respective additional tasks in parameter assessment

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
to­stand test (Fig. 3). In the assessment of gait, no additional 
tasks were used.
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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 post­inte‐
rvention assessment (Fig. 5).

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 

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.

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

Fig. 5. Percentage distribution of each type of immediate effect of HVLA manipulation in all the spinal regions under study
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Fig. 6. Percentage distribution of immediate effects after cervical spine manipulation

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 

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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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 

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.

Fig. 8. Quantitative distribution of each type of immediate effect in healthy (asymptomatic) individuals for all spinal regions 
and for the 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
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Similar conclusions were reached by Jørgensen et al. (Jørgen‐
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 Gómez et al. (Gómez 
et al., 2020) in a population of patients with non­specific 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 follow­up 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, C1­C2 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 follow­up [20].

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 pre­existing 
neurological deficits.
Similar conclusions were reached by Hamaoui and Alami‐
ni­Rodrigues (Hamaoui, Alamini­Rodrigues, 2017), altho‐
ugh they used a ‘sit­to­stand’ 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 C0­C1 
segment has not yet been demonstrated. There are several 
available studies with a similar design, but the number is 

doi.org/10.56984/8ZG1436RB



220

nr 3/2023 (23)

www.fizjoterapiapolska.pl

Adres do korespondencji / Corresponding author

Danuta Lietz­Kijak

E­mail: danuta.lietzkijak@gmail.com

Piśmiennictwo/ References

1. Held­Ziółkowska M., Równowaga statyczna i dynamiczna ciała. Część 1: Organizacja zmysłowa i biomechanika układu równowagi, Magazyn 
otorynolaryngologiczny; 2006, 18: 39­46.
2. Romero Del Rey R, Saavedra Hernández M, Rodríguez Blanco C, Palomeque Del Cerro L, Alarcón Rodríguez R. Short­term effects of spinal thrust joint 
manipulation on postural sway in patients with chronic mechanical neck pain: a randomized controlled trial. Disabil Rehabil. 2022 Apr; 44(8):1227­1233.
3. McKay HL. The effect of cervical spine manipulation on elbow proprioception, electrical activity of the triceps and biceps muscles and balance. PhD Thesis. 
2018
4. Evans DW, Lucas N. What is manipulation? A new definition. BMC Musculoskelet Disord. 2023 Mar 15;24(1):194.
5. Gyer G, Michael J, Inklebarger J, Tedla JS. Spinal manipulation therapy: Is it all about the brain? A current review of the neurophysiological effects of 
manipulation. J Integr Med. 2019 Sep; 17(5):328­337.
6. Giacalone A, Febbi M, Magnifica F, Ruberti E, The Effect of High Velocity Low Amplitude Manipulations on the Muscoskeletal System: Literature Review. 
Cureus. 2020 Apr; 12(4): e7682.
7. Anderst WJ, Gale T, LeVasseur C, Raj S, Gongaware K, Schneider M. Intervertebral kinematics of the cervical spine before, during, and after high­velocity 
low­amplitude manipulation. Spine J. 2018 Dec;18(12):2333­2342.
8. Galindez­Ibarbengoetxea X, Setuain I, Andersen LL, Ramírez­Velez R, González­Izal M, Jauregi A, Izquierdo M., Effects of Cervical High­Velocity Low­
Amplitude Techniques on Range of Motion, Strength Performance, and Cardiovascular Outcomes: A Review. The Journal of Alternative and Complementary 
Medicine. 2017; 23:9, 667­675.
9. Wirth B, Gassner A, de Bruin E, Axen I, Swanenburg J, Humphreys BK, Schweinhardt P. Neurophysiological Effects of High Velocity and Low Amplitude 
Spinal Manipulation in Symptomatic and Asymptomatic Humans. A Systematic Literature Review. Spine. 2019 Aug 1; 44(15): E914 – E926
10. Quek JM, Pua YH, Bryant AL, Clark RA. The influence of cervical spine flexion­rotation range­of­motion asymmetry on postural stability in older adults. 
Spine (Phila Pa 1976). 2013 Sep 1; 38(19):1648­55
11. Jørgensen MB, Skotte JH, Holtermann A, Sjøgaard G, Petersen NC, Søgaard K. Neck pain and postural balance among workers with high postural 
demands ­ a cross­sectional study. BMC Musculoskelet Disord. 2011 Aug 1; 12:176
12. Saadat M, Salehi R, Negahban H, Shaterzadeh MJ, Mehravar M, Hessam M. Postural stability in patients with non­specific chronic neck pain: A 
comparative study with healthy people. Med J Islam Repub Iran. 2018 Apr 23; 32:33
13. Cheng CH, Chien A, Hsu WL, Yen LW, Lin YH, Cheng HY. Changes of postural control to and muscle activation pattern in response to external 
perturbations after neck flexor fatigue in young subjects with and without chronić neck pain. Gait posture. 2015 Mar; 41(3):801­7.
14. Gómez F, Escribá P, Oliva­Pascual­Vaca J, Méndez­Sánchez R, Silvia Puente­González A. Immediate and Short­Term Effects of Upper Cervical High­
Velocity, Low­Amplitude Manipulation on Standing Postural Control and Cervical Mobility in Chronic Nonspecific Neck Pain: A Randomized Controlled Trial. 
Journal of Clinical Medicine. 10 Aug 2020.
15. Grassi Dde O, de Souza MZ, Ferrareto SB, Montebelo MI, Guirro EC. Immediate and lasting improvements in weight distribution seen in baropodometry 
following a high­velocity, low­amplitude thrust manipulation of the sacroiliac joint. Man Ther. 2011 Oct; 16(5):495­500.
16. Farazdaghi MR, Motealleh A, Abtahi F, Panjan A, Šarabon N, Ghaffarinejad F. Effect of sacroiliac manipulation on postural sway in quiet standing: a 
randomized controlled trial. Braz J Phys Ther. 2018 Mar­Apr; 22(2):120­126.
17. Fagundes Loss J, de Souza da Silva L, Ferreira Miranda I, Groisman S, Santiago Wagner Neto E, Souza C, Tarragô Candotti C. Immediate effects of a 
lumbar spine manipulation on pain sensitivity and postural control in individuals with nonspecific low back pain: a randomized controlled trial. Chiropr Man 
Therap. 2020 Jun 3;28(1):25.
18. Goertz CM, Xia T, Long CR, Vining RD, Pohlman KA, DeVocht JW, Gudavalli MR, Owens EF Jr, Meeker WC, Wilder DG. Effects of spinal manipulation 
on sensorimotor function in low back pain patients­­A randomised controlled trial. Man Ther. 2016 Feb; 21:183­90.
19. Ditcharles S, Yiou E, Delafontaine A, Hamaoui A. Short­Term Effects of Thoracic Spine Manipulation on the Biomechanical Organisation of Gait Initiation: 
A Randomized Pilot Study. Front Hum Neurosci. 2017 Jun 30;11:343.
20. Fisher AR, Bacon CJ, Mannion JVH. The effect of cervical spine manipulation on postural sway in patients with nonspecific neck pain. J Manipulative 
Physiol Ther. 2015 Jan; 38(1):65­73.
21. Delafontaine A, Vialleron T, Diakhaté DG, Fourcade P, Yiou E. Efects of experimentally induced cervical spine mobility alteration on the postural 
organisation of gait initiation. Scientific Reports. Apr 2022; 12(1):6055.
22. Hamaoui A, Alamini­Rodrigues C. Influence of Cervical Spine Mobility on the Focal and Postural Components of the Sit­to­Stand Task. Front Hum 
Neurosci. 2017 Mar 28; 11:129. 
23. Behrens S, Drake E, Sullivan S, Sliwka M, Borges B, Good S. Impact of single cervical manipulation on a healthy population as assessed by static and 
dynamic balance and dual task performance: a feasibility study. Chiropractic Journal of Australia. 2023 May; 50(1).
24. Drayer K, Kauwe M. Effects of Cervical Spine Manipulation on Balance and Joint Proprioception in Asymptomatic Individuals: Plausibility and Pilot Study. 
UNLV Theses, Dissertations, Professional Papers, and Capstones. 2013; 1512.
25. Nolan JH. The effect of cervical spine chiropractic manipulation on balance. University of Johannesburg (South Africa). PhD Thesis. 2010
26. Uchiyama PT, Teixeira GF, da Silva CR, Magalhães FH. Acute Stabilization of Postural Sway After a Cervical Spinal Manipulation. In: Costa­Felix R, 
Machado J, Avarenga A. (eds) XXVI Brazilian Congress of Biomedical Engineering. IFMBE Proceedings. 2019 Jun 4; 70:1
27. Lopez D, King HH, Knebl JA, Kosmopoulos V, Collins D, Patterson RM. Effects of comprehensive osteopathic manipulative treatment on balance in 
elderly patients: a pilot study. J Am Osteopath Assoc. 2011 Jun; 111(6):382­8. 
28. Malmström EM, Fransson PA, Jaxmar Bruinen T, Facic S, Tjernström F. Disturbed cervical proprioception affects perception of spatial orientation while in 
motion. Exp Brain Res. 2017 Sep; 235(9):2755­2766.
29. Gyer G, Michael J, Inklebarger J, Tedla JS. Spinal manipulation therapy: Is it all about the brain? A current review of the neurophysiological effects of 
manipulation. J Integr Med. 2019 Sep; 17(5):328­337.
30. Reimann H, Fettrow T, Thompson ED, Jeka JJ. Neural control of balance during walking. 2018.

too small to answer the research question unequivocally. 
There is a need for further trials, with a format closer to 
the hypothesis and larger populations, as well as further 
research and development work to maximise the effective‐
ness of HVLA therapy, which the author is doing.

doi.org/10.56984/8ZG1436RB


