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ABSTRACT

INTRODUCTION. High-velocity low-amplitude (HVLA) manipulation of the cervical spine is commonly used in clinical practice
to manage various musculoskeletal conditions. This review discusses the safety profile and therapeutic outcomes of cervical HVLA
manipulation, highlighting its role in optimizing patient care while minimizing potential risks.

AIM. To review scientific evidence on the safety and effectiveness of HVLA manipulation therapy on the cervical spine and evaluate its
impact on patients’ clinical improvement. Through this analysis, it is expected to provide guidance for practitioners in assessing the risks
and benefits of using HVLA techniques in physiotherapy practice.

MATERIALS AND METHODS. This study employed a literature review approach by collecting articles from the PubMed (49 publications),
ScienceDirect (198 publications), PEDro (2 publications), and EBSCO (21 publications) databases, published between 2014 and 2024.
The initial search identified a total of 270 articles related to HVLA manipulation for cervical musculoskeletal disorders. Following the
selection process, 62 articles were removed due to duplication, 158 articles were deemed irrelevant at the title review stage, and
26 articles were evaluated based on their abstracts. The final selection included 15 articles that met the inclusion criteria for analysis.
The selected articles comprised randomized controlled trials and meta-analyses assessing the effectiveness of HVLA on pain, mobility,
and function. The selection process was conducted systematically to ensure data validity and relevance.

RESULTS AND DISCUSSION. The study findings indicate that the application of HVLA manipulation on the cervical spine is effective in
reducing pain, increasing range of motion (ROM), and improving function in patients with musculoskeletal neck disorders, including
mechanical neck pain and tension headache. HVLA influences joint biomechanics, releases restrictions, and reduces muscle tension,
contributing to enhanced mobility and pain reduction. Additionally, this technique provides pain modulation effects and long-term
benefits for patients’ functional activities. However, implementing HVLA requires a comprehensive risk assessment to identify suitable
patients and minimize potential complications, including the risk of vertebral artery injury. These findings highlight the importance of
an evidence-based approach and caution in clinical practice to ensure optimal and safe therapeutic outcomes.

CONCLUSION. HVLA manual therapy on the cervical spine is effective and safe, particularly for neck pain relief and functional
improvement, although certain risks must be considered. Practitioners should conduct a thorough risk assessment and take patient
conditions into account for optimal outcomes. The impact of HVLA on blood flow, blood pressure, handgrip strength, and cervical spine
muscle strength is not significant, making it unsuitable as a primary intervention.
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PE3IOME

BBEOEHME. BbicOKOCKOPOCTHAA HM3KOAMNAMTYyAHaA TexHuka (HVLA) Ha WwerHOM oTaene no3BOHOYHMKA 06bIYHO MCMONb3YeTCA B K/M-
HMYECKOM MPaKTUKe A/1s NIEYEHWS Pa3/IMYHbIX 3a60/1€BaHMM OMOPHO-JBMraTe/IbHOro annapara. B aTom o0630pe o6cyxaanTca npohusb
6€30MacHOCTM M TepaneBTUYeCKMe pesy/bTatbl WwendHoM HVLA-MaHWnynsumu, NoAYepKuBas ee posib B ONTMMM3ALMM yX04a 3a NaLpeH-
TaMM NpyY MMHMMM3aLMM NOTEHLMA/IbHBIX PUCKOB.

LIESIb. PaccMoTpeTb Hay4Hble jaHHble 0 6e30MacHOCTH W 3PdEKTUBHOCTU Tepanmm MaHunynsaumen HVLA Ha weiHom oTaene no3eo-
HOYHWMKA U OLIEHWTb €€ BIMAHWE Ha KIMHUYECKOE YJTyHLIEHWE COCTOAHMA NAUMEHTOB. OXMAAETCA, YTO C MOMOLLBIO 3TOr0 aHam3a by-
ZyT NpesoCcTaB/ieHbl PEKOMEHAALMM AJ1S NPAKTUKYHOLLMX Bpayei no oLeHKe PUCKOB U MPEMMYLLIECTB MCMOJb30BaHWA MeToZoB HVLA
B (hM3MOTEPANEBTUYECKOM NPaKTUKE.

MATEPWAJIbl U METO[bI. B 5ToM MCCeA0BaHMM UCMO/Ib30BAJICS MOAX0A 0630pa IMTEPATYpbl NyTeM c6opa cTaTeM M3 6a3 AaHHbIX
PubMed (49 ny6aukaumi), ScienceDirect (198 ny6aukaumit), PEDro (2 ny6amkaumm) u EBSCO (21 ny6amKaumsa), ony6MKOBaHHbIX
3a 2014-2024 roabl. MepBoHaYa/ibHbIMA MOMCK BbIABMA B 06LLEN CNOXHOCTM 270 cTaTel, cBA3aHHbIX ¢ HVLA npu WeNHbIX MbIlEYHO -CKe-
JIeTHbIX paccTporcTeax. Mocsie ot6opa 62 cTaTbM GblM YAasIEHbI M3-3a Ay6/IMpoBaHMs, 158 cTatel Gblim NpM3HaHbI HEPEIEBAHTHbIMM
Ha 3Tane pacCMOTPEHMS 3aro/IoBKa, a 26 ctaTei GblM OLEHeHbl Ha OCHOBE MX pedepaToB. OKOHYaTENbHbINM BbIGOP BKAOYan 15 crarei,
KOTOpble COOTBETCTBOBA/IM KPUTEPHAM BKJ/IOYEHUA AJ11 aHa/M3a. BbiGpaHHble CTaTbk BK/IOYAIM paHAOMM3MPOBaHHbIE KOHTPOIMpYe-
Mble MCMbITaHUA M MeTaaHanm3bl, oueHuBaowme 3pdekTnBHocTb HVLA B OTHOWeEHWUM 6011, NoABMKHOCTM M dyHKUmK. [Mpouecc oT6opa
NPOBOAM/ICA CUCTEMATUYECKM, YTOObI FapaHTUPOBaTh JOCTOBEPHOCTb M PENEBAHTHOCTb JAaHHbIX.

PE3Y/NIbTATbl U OBCY)XXAEHME. Pe3ynbTathl MCCNe0BaHMA NMOKa3blBAlOT, YTO NpuMeHeHue HVLA Ha LierdHOM OTAene Mo3BOHOYHMKA
3P dEKTUBHO A1 YMEHbLUEHUS 60U, YBEIMYEHWA AManasoHa ABukeHuM (ROM) u yayyweHns GYHKUMM Y MALUMEHTOB C MbILEYHO -CKe-
JIETHbIMU 3a60/1eBaHMSAMM LUEW, BKJIOYAA MEXAHWYECKYH 60/1b B LUEE M F0J10BHY0 60/1b HanpsykeHus. HVLA BaMseT Ha 6MOMEXaHWKY
CyCTaBOB, CHMMAET OTPAHUYEHMA M CHUKAET MbILUEYHOE HaMpSXKEHWE, CMOCOBCTBYA MOBbILEHMIO MOABMUNKHOCTU M YMEHbLUEHUIO GOJM.
Kpome Toro, ata TexHuKa obecneymBaeT 3hdeKTbl MOAYAUMM 60U U LONTOCPOYHbIE MPEMMyLLEeCTBa ANd (YHKLMOHAJbHOM aKTMBHO-
CTM naupeHToB. OgHako BHeapeHue HVLA TpebyeT KOMMIEKCHOM OLEHKM PUCKA AJ151 BbISIBJIEHMS MOAXOAALLMX MALMEHTOB M MUHWUMM-
3aLMM NOTEHLMA/IbHBIX OC/IOXKHEHMM, BKJIOYAs PUCK MOBPEXKAEHUSA MO3BOHOYHOM apTepuu. ITh pesy ibTaTbl MOAYEPKMBAIOT BaXKHOCTb
NoAXoAa, OCHOBAHHOMO Ha [JOKa3aTe/IbCTBaX, M OCTOPOXKHOCTU B K/IMHUMUECKOM MPaKTUKE A1 06ecreydeHms onTMaibHbIX M 6e3onac-
HbIX TEPaNEBTUYECKMX PE3Y/IbTATOB.

3AK/THOYEHME. HVLA Ha weiHOM oTZenie NO3BOHOYHMKA 3hdEKTUBHA 1 Ge3onacHa, 0COBEHHO AN o6aeryeHus 60M B Lee U yayylle-
HUA DYHKLMM, XOTA HEOBXOAMMO YUMTbIBATb ONpeaesieHHblE PUCKU. TMPaKTUKYIOLWME BpauM AO/KHbI MPOBOAMTL TLLATEbHYO OLEHKY
pUCKa M1 YYMUTbIBaTb COCTOSIHWE MAUMEHTa A8 AOCTUKEHWUA ONTMMabHbIX pe3y/ibTaToB. BamsaHue HVLA Ha KpOBOTOK, apTepuasibHoe
[laBJIEHME, CUJTY PYKOMOMKATHS U CWTY MbILLILL LIEMHOTO OTZe/1a MO3BOHOUHMKA He AB/ISETCA 3HAYMTE/IbHBIM, YTO Ae/IaeT ero Henpmroa-
HbIM B KayeCTBe NepBMYHOr0 BMeLLaTe/IbCTBa.

KJTHOMEBDBIE CJTIOBA: sbicokockopocTHas HU3KoammamMTyAHas TexHuKa (HVLA), MbILEYHO-CKENETHbIE MaHMMyASLMM, Ge3onac-
HOCTb Tepanmu, 60/1b B LLEe, AManasoH ABUKEHUM
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INTRODUCTION

High-velocity low-amplitude (HVLA) manipulation is
a manual technique commonly used in physiotherapy
and chiropractic care to address various musculoskeletal
disorders. In HVLA, manipulation is performed rapidly but
with relatively low force to influence joint mobility and
reduce tension in the surrounding tissues. This technique
aims to restore joint range of motion, alleviate pain,
and enhance function in areas experiencing restriction

ARTICLES

or dysfunction, particularly in the cervical spine (neck)
segment [1]. Cervical HVLA manipulation can help manage
mechanical neck pain and other related musculoskeletal
disorders, such as tension headaches and shoulder pain,
which are closely linked to postural conditions and muscle
imbalances around the cervical region [2, 3].

In clinical practice, the HVLA technique for the cervical
spine is often considered due to its potential benefits in
managing both chronic and acute neck pain. This technique
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is believed to provide rapid and significant results for
certain conditions and is frequently used alongside other
therapeutic modalities, such as strengthening exercises
and stretching, to achieve more optimal treatment
outcomes [4]. Although cervical HVLA manipulation
has the potential to yield positive results, it requires a
comprehensive understanding of anatomy, biomechanics,
and patient risk assessment to minimize the likelihood of
serious adverse effects, such as vertebral artery injury [5].

HVLA manipulation therapy for the cervical spine has
been proven to provide significant benefits in reducing pain,
improving mobility, and enhancing function in patients with
various musculoskeletal disorders of the neck. Several studies
have shown that this technique is effective in reducing the
intensity of mechanical neck pain and increasing cervical
joint range of motion, thereby contributing to postural
recovery and improvement in functional activities [4].

HVLA manipulation also has a positive impact
on patients’ quality of life, particularly for individuals
experiencing limitations in daily activities due to chronic
neck pain. A study by Puentedura E.J. et al. (2012) found
that patients receiving cervical HVLA manipulation showed
significant improvements in pain parameters and quality
of life compared to those undergoing therapy without
manipulation [6]. Additionally, this therapy serves as
a safe, non-surgical option that can be integrated with
other interventions, such as strengthening exercises and
mobilization, to achieve better outcomes in managing neck
disorders, reduce the need for pharmacological treatments,
and lower the risk of long-term complications [7].

Although cervical HVLA manipulation offers potential
benefits, it also raises concerns regarding the risk of injury,
particularly to the vertebral artery and neural structures
surrounding the cervical spine. Vertebral artery injury,
although rare, can lead to serious consequences such
as ischemic stroke induced by thrombosis or embolism
following cervical manipulation [5]. Additionally, there
is a risk of nerve damage due to excessive pressure or
stretching of cervical neural structures, which may result
in radicular pain or other neurological symptoms [8].
These risks are influenced by various factors, including
the manipulation technique used, the patient’s health
condition, and the practitioner’s experience or skill level.
Research suggests that practitioners with proper training
and sufficient experience are more likely to minimize these
risks through comprehensive risk assessment and cautious
technique application [2]. Specific conditions such as
a history of vascular disease or cervical spine disorders
should also be considered in clinical decision-making to
avoid unwanted complications.

There is a lack of consensus among practitioners
regarding the safety limits and appropriate procedural
standards for cervical HVLA techniques, leading to
variations in clinical practice and potential risks for
patients. Existing guidelines and recommendations are
often inconsistent, making it challenging for practitioners
to determine the best approach to implementing this
technique [9]. In this context, a comprehensive review
is essential to compile and analyze the latest scientific
evidence on the safety and effectiveness of cervical HVLA
therapy. By integrating findings from various studies, this
review aims to provide clearer, evidence-based guidance
for practitioners, thereby improving care standards and
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minimizing risks for patients. The results of this review
are expected to serve as a valuable reference in clinical
practice, assisting in better decision-making regarding the
application of cervical HVLA manipulation and promoting
safe and effective physiotherapy practices.

AIM

To review the scientific evidence regarding the safety
and effectiveness of HVLA manipulation therapy on the
cervical spine and to evaluate its impact on patients’ clinical
improvement. Through this analysis, the study aims to
provide guidance for practitioners in assessing the risks and
benefits of using HVLA techniques in physiotherapy practice.

MATERIALS AND METHODS

Publications on this topic were collected and analyzed
from the PubMed, ScienceDirect, PEDro, and EBSCO
databases, covering studies published from 2014 to 2024.
The search algorithm was developed in accordance with
the requirements and guidelines for reporting systematic
reviews and meta-analyses (PRISMA) [10]. The search
strategy included studies using specific search terms and
keywords (including MeSH). Keywords used in the database
search: (“HVLA Thrust” OR “High-Velocity Low-Amplitude”
OR “Cervical Manipulation”) AND “Cervical”. The final search
was conducted on 03.11.2024.

RESULTS AND DISCUSSION
Introduction to High-Velocity Low-Amplitude (HVLA)
Technique

HVLA manipulation is a manual therapy technique
commonly used in physiotherapy and chiropractic
practice to address various musculoskeletal disorders. In
HVLA, manipulation is performed rapidly while applying
relatively low force to influence joint mobility and reduce
surrounding tissue tension. HVLA involves the application
of a quick force within a short duration, distance, and/or
rotational area within the anatomical range of motion of a
joint. This technique targets restrictive barriers across one
or multiple planes of movement to achieve the release of
restrictions [25].

HVLA techniques involve the application of a rapid
force within a short duration, distance, and/or rotational
area within the anatomical range of motion of a joint. This
approach is used to engage restrictive barriers across one
or multiple planes of movement to achieve the release of
restrictions. HVLA manipulation utilizes high velocity and
low amplitude thrusts to manipulate the joint effectively.
According to LaPelusa A. and Bordoni B. [26]. Dr. Kirkaldy-
Willis was the first to conceptualize and publish the theory
of the Biomechanics and Biology of the Spinal Degenerative
Cascade. He defined HVLA as “a skilled, passive therapeutic
maneuver in which a synovial joint is taken beyond its
normal physiological range of motion (toward the restrictive
barrier) without exceeding anatomical integrity limits”.

HVLA therapy is a specialized manual therapy technique
that applies a rapid and short-duration force within a small
range of motion in the joint’s anatomical movement. This
method engages restrictive barriers to achieve the release
of restrictions. HVLA treatment is commonly associated
with an audible and palpable release, often perceived as
a “pop”, which occurs due to cavitation within the spinal
intervertebral joint, followed by subsequent release [27].
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Table 1. Data of Selected Review Articles

No Study Aim

Method

Results and Conclusion

To examine the effects of cervical
thrust manipulation or sham

Garcia-Pérez- manipulation on cervicocephalic
1 JuanaD., etal. kinesthetic sense, pain intensity, pain-

[11] related disability, and pressure pain
sensitivity in patients with chronic

mechanical neck pain

Fifty-four individuals with mechanical neck pain were
randomly assigned to receive either cervical thrust
manipulation (right or left) or sham manipulation.
Immediate outcomes included cervical kinesthetic
sense assessed by JPSE and PPT. Additionally, neck pain
intensity (numerical pain rating scale) and neck pain-
related disability (NDI) were collected in the first week

The study found that cervical thrust manipulation improved
JPSE, PPT, and NDI in participants with chronic mechanical
neck pain. The changes in JPSE and NDI were significant,
exceeding the minimal detectable change. The effect size
for PPT was moderate, with only the C5-Cé zygapophyseal
joint surpassing the minimal detectable threshold. Neck
pain intensity remained unchanged one week post-
intervention

To determine whether positive and
negative communication before
HVLA manipulation at the C7-T1
spinal segment, within an osteopathic

35 asymptomatic participants were recruited and
randomly assigned to three separate condition arms
using a repeated-measures crossover design: negative
communication (NegC), neutral communication (NeuC),

There was a significant effect of communication style on
PPT across all three conditions. Post-hoc analysis showed
that positive communication had a significant effect on
PPT (i.e., a placebo effect), while negative communication

2 Shackleton E., consultation setting, respectively or positive communication (PosC). Each condition did not produce.a > gmflcant'effect (].' €., no nocebo
etal. [12] . . : . . effect). These findings are discussed in the context of
increase or decrease PPT to create  included spinal manipulation (HVLA thrust) at the C7- communication stvles used durine osteopathic clinical
contextual placebo and nocebo T1 segment. PPT was measured using an algometer at consultations. hi Kli hting their gotentiapl to enhance
effects. Study design: Pretest-posttest the C7 spinous process before and after each condition health , Mghlighting P h - h
randomized controlled design setting ealth outcomes in National Health Service and other
clinical settings
. . . . The statements covered various aspects of clinical
A steering committee of chiropractic experts developed encounters, including consent, diagnosis, assessment
recommendations based on the latest clinical guidelines. ’ uding =nt, diag ’ -,
. .\ . . e treatment planning, execution, and referral for adults with
To develop best practice Additional literature was identified through targeted . . .
WhalenW., . . . . . . neck pain. The best practice recommendations were based
3 recommendations for chiropractic ~ searches. A national panel of 56 chiropractic experts . TR .
etal. [13] : . : : o : on the best available scientific evidence. For uncomplicated
management in adults with neck pain  assessed 50 statements using a modified Delphi process. N . . .
Consensus was reached on all statements within three neck pain, including cases with headaches or radicular
rounds from August to November 2018 symptoms, chiropractic manipulation and multimodal care
g were recommended
Sixty participants were randomly divided into two
groups: one received the Dog technique in a supine . -
position, and the other underwent the Toggle-Recoil Both maneuvers improved neck mOb.]hty’ . .
Casanova- To compare the short-term effects techniaue in a brone position. both tareeting T4 mechanosensitivity, and short-term pain reduction, with no
p of two thoracic spinal manipulation quemnap P ! g . g 14. significant clinical differences between groups. However,
4 MéndezA., . . th chroni Evaluations included neck pain (VAS), cervical range he Togsale-Recoil howed slightly b .
etal. [14] maneuvers in subjects with chronic of motion, and pressure pain threshold at C4, T4, and the Toggle-Recoil group showed slightly better outcomes in

non-specific neck pain

upper trapezius tense bands. Measurements were
taken before, immediately after, and 20 minutes post-
intervention

cervical extension (p = 0.009), right lateral flexion (p = 0.004),
and left rotation (p < 0.05)
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Table 1 Continued
No Study Aim Method Results and Conclusion
Forty-five TTH pat1ent§ were randomly asmgnqd to. The manipulation group showed significantly greater
three groups, each receiving eight treatment sessions: . . :
. . . . . improvements than the myofascial release group in
manipulation and exercise (manipulation group), . .
L ; . headache frequency, pain severity, and PPT scores.
To evaluate the effects of two manual suboccipital inhibition and exercise (myofascial I - .
. N . Additionally, the manipulation group demonstrated
5 Corum M,, therapy techniques on pain, disability, release group), or exercise alone (control group). statistically significant improvements in all outcome
etal.[15] and PPT in patients with TTH and neck Headache frequency, pain severity (VAS-headache,

pain

VAS-neck pain), and disability (HIT-6, NDI) were
assessed at baseline, post-treatment, and at a three-
month follow-up. PPT was also evaluated in the
temporalis muscle

measures compared to the control group. Manipulation
combined with exercise, alongside pharmacological
treatment, appears to be a promising approach for TTH
patients with cervical dysfunction

6 GiacaloneA.,

To explain how cervical manipulation

A systematic search was conducted in PubMed from
January to March 2020. Two independent reviewers
screened articles using the PRISMA diagram. Inclusion
criteria included RCTs published in peer-reviewed
journals from 2005 to 2020, involving participants

HVLA techniques in musculoskeletal disorders influence pain
modulation, mobility, and strength locally and remotely.
Cervical manipulation is effective for managing cervicalgia,
epicondylalgia, temporomandibular disorders, and shoulder
pain. However, its effect on strength in healthy individuals

etal.[16] affects musculoskeletal disorders of all ages. The intervention examined was thrust remains inconclusive. While complications from vertebral
manipulat%on or HVLA directed at the cervical spine manipulation are rare, improper application poses risks, and
After reviewing the literature. 21 out of 74 articles wer.e patient tolerance or contraindications may limit its use. The
deemed rele\gan t ’ optimal number of manipulations and long-term benefits are
still unclear
Bilateral cavitation was detected in 91.9 % of manipulations,
while unilateral cavitation occurred in only 8.1 %
(p < 0.001). Of 132 total cavitations, 72 were ipsilateral and
. . .. . 60 contralateral to the targeted C1-2 articulation, with
. s . Nineteen asymptomatic participants received two upper N .
To determine the cavitation side . . . . . no significant side preference (p = 0.294). The average
- . cervical thrust manipulations targeting the right and o
during C1-2 rotational HVLA thrust left C1-C2 articulation. Skin-mounted microphones on number of cavitations per C1-2 HVLA thrust was 3.57,
8 Dunning J., manipulation and to calculate the bilateral C1 transverse 'rocesses recorded sou[r?d waves and per subject, it was 6.95. The mean cavitation duration
etal.[17] number of cavitations, the duration of P . was 5.66 ms, while the mean manipulation duration was

upper cervical manipulation, and the
duration of a single cavitation

Cavitation side, duration, and number were analyzed
using spectrogram analysis and audio feedback via
custom Matlab software

96.95 ms. Upper cervical HVLA thrust manipulations are
significantly more likely to produce bilateral than unilateral
cavitations, with multiple cavitations per thrust. This
challenges the traditional manual therapy approach of
targeting a single ipsilateral or contralateral facet joint in the
upper cervical spine
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Table 1 Continued

No Study Aim Method Results and Conclusion
A study evaluated the effects of HVLA thrust
manipulation and non-thrust mobilization in
patients with mechanical neck pain. Various tests
and measurements were conducted before and after
To compare the shqrt-term effects treatment. Results showed t{hat papents receiving The combination of HVLA thrust manipulation on the upper
of HVLA thrust manipulation on the combined HVLA thrust manipulation on the upper - L
Sparks C.L., . . . o X cervical and upper thoracic spines is significantly more
upper cervical and upper thoracic cervical and thoracic spines had greater reductions o A
etal. [18] . e o o o effective in the short term than non-thrust mobilization in
regions versus non-thrust mobilization in pain and disability than those receiving non-thrust . . . .
. . . . e - i patients with mechanical neck pain
in patients with neck pain mobilization. They also exhibited greater improvements
in passive C1-2 rotation range of motion and deep
cervical flexor motor performance. The number needed
for a successful outcome was 1.8 and 2.3 at the 48-hour
follow-up
This study aims to assess the effects Diagnostic tests (cervical spine compression, Spurtin Initial diagnosis showed significant balance, force
of HVLA manipulations on force s P P » 2PUTtIng, distribution, and gait impairments. After HVLA therapy,
. N de Kleyn) and pedobarography (using EPS/R2 mat : . . Ca
Malich P., distribution, pressure, and balance improvements included better weight distribution, reduced
10. C : . and BIOMECH STUDIO software) were used to assess : o
etal. [19] in individuals with atlanto-occipital functionalitv and postural parameters before and after left-side pressure, enhanced body oscillation control,
blockage, with a focus on post- HVLA therg P P normalized right foot abduction, and slight increases in foot
treatment improvements Py vault index and average foot pressure during gait
Significant changes (p < 0.1) were found in cervical flexion
Galindez- To evaluate the effects of indiscriminate A randomized controlled pilot study with intention- isometric peak force (-13.15 %, d = 0.52). The MT group
Ibarben- manipulation at C5, MT, and ST on to-treat analysis was conducted on 36 asymptomatic showed significant improvements in extension (10.44 %)

. atxe X cervical ROM, isometric flexion peak subjects (18 males, mean age 30), divided into three and left rotation ROM (12.25 %), while no significant changes
g:e | eazo" force, SCM muscle EMG activation groups: AMC5 (n=12), MT (n=12), and ST (n = 12). were observed during CCFT. The study suggests a trend of
etal. [20] during CCFT, and biceps at rest Outcomes were measured pre- and post-intervention decreased cervical flexion strength in the MT group, with

notable gains in extension and left rotation ROM
A linear dose-response was observed across all follow-ups,
with 1-day CGH reduction per 4 weeks for every 6 additional
Toidentifv the dose-response RCT on 256 chronic CGH patients, randomized to 4 SMT SMT visits (p < 0.05) The most effective dose (18 SMT V]S]tS)
Haas M.. et al relationshiy of SMT visits :nd evaluate 0se evels (0, 6, 12, 18 sessions) over 18 visits in 6 weeks. reciuced CGH days fror[l ~16 to 8 per month, showinga -3.3
1. aas M. etal. T p o Light massage was given when SMT was not applied. (p=0.004) and -2.9 (p = 0.017) difference vs. control at key
[21] }},%g{&gg%%@ﬁgf compared to light endpoints. Other SMT doses had smaller, non-significant

Dose-respanse and control comparisons were assessed at

weeks 6, 12, 24, 39, and 52

effects (p > 0.05). CGH intensity remained unchanged across
doses. SMT showed a linear dose-response effect, with

18 visits halving CGH days and providing — 3 more days of
relief per month vs. light massage
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Table 1 End

Method

Results and Conclusion

A total of 67 participants with mechanical neck pain
or cervicogenic headache were divided into two
groups. The treatment group received manipulation
at dysfunctional upper (C0-C2) and lower (C2-C7)
cervical segments, while the control group received
manipulation only at lower cervical segments.
Anterolateral neck flexor strength was measured using
a hand-held dynamometer

After upper and lower cervical manipulation, the treatment
group showed greater strength improvement on the weaker
side. In the control group, a similar trend was observed but
to a lesser extent. These findings suggest that manipulation
has a neurological effect that immediately enhances muscle
strength

No Study Aim
To evaluate changes in anterolateral
13 Mtetcl:alfgzs ' neck flexor strength after upper
etal. [22] cervical manipulation
To assefsfs the i];nmedia%e and short-
Pires P.F., etal. term effects of upper thoracic
14 [23] manipulation on pain intensity and

sternocleidomastoid muscle activity in
young women with chronic neck pain

A randomized clinical trial with 32 women with chronic
neck pain divided into an experimental group receiving
upper thoracic manipulation below T1 using a pistol grip
and a placebo group with an open-hand stabilization.
Evaluations were conducted at baseline, immediately
post-intervention, and 48-72 hours post-intervention.
Sternocleidomastoid myoelectric activity was assessed

at rest and during isometric cervical flexion and
shoulder elevation. Neck pain intensity was measured
using the VAS. Data were analyzed using two-way
repeated measures ANOVA with Bonferroni correction
(p<0.5)

Moderate effects on sternocleidomastoid myoelectric
activity during isometric shoulder elevation were observed
in the experimental group only at the short-term evaluation
(d > 0.40). No significant differences were found between
groups across evaluation time points (p > 0.5). Both intra-
and inter-group analyses showed no significant changes in
cervical muscle activity or neck pain intensity at immediate
or short-term follow-ups

To analyze the cerebrovascular
hemodynamic response of the
VA during cervical rotation and
manipulation in vivo using MRI

15 Quesnele 1.],,
et al. [24]

A pilot study with 10 healthy male participants (ages
24-30) measured VA blood flow and velocity at C1-2
using MRI after three head positions and upper cervical
manipulation. Thirty phase-contrast flow-encoded
images were collected per cardiac cycle across four
conditions to assess blood flow profiles. Differences in
flow (mL/s) and velocity (cm/s) were analyzed using
repeated measures ANOVA

No significant side-to-side differences were found in

VA blood velocity (p = 0.14) or flow (p = 0.19) across
conditions. No interactions or trends indicated changes in
flow or velocity. The study concludes that head positions
and cervical manipulation do not significantly affect VA
hemodynamics in healthy young males, with no evidence
of cerebrovascular hemodynamic impact from mechanical
interaction with the VA during head movement

~

MaLvid

Note: HVLA — high-velocity low-amplitude; JPSE — joint position sense error; PPT — pressure pain thresholds; NDI — neck disability Index; TTH — tension-type headache; VAS — visual
analogue scale; RCTs — randomised controlled trials; MT — targeted manipulation; ROM — range of motion; ST — sham intervention; SMT — spinal manipulative therapy; CGH — comparative
genomic hybridization; VA — vertebral artery; MRl — magnetic resonance Imaging; SCM — sternocleidomastoid.
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HVLA cervical manipulation techniques offer an
alternative approach for patients with cervical neck
dysfunction beyond traditional medical pathways. This
technique aims to restore joint range of motion, reduce pain,
and improve function in areas experiencing restriction or
dysfunction, particularly in the cervical spine segment [1].
HVLA manipulation of the cervical region can help manage
mechanical neck pain and other related musculoskeletal
disorders, such as tension headaches and shoulder pain,
which are closely linked to postural conditions and muscle
imbalances around the cervical area [2, 3].

The cervical region (neck) consists of vascular,
musculoskeletal, and neural pathways between the skull
and the thorax. It is an area prone to injury and somatic
dysfunction, leading to pain and loss of mobility. The use
of HVLA techniques on the cervical spine, while potentially
providing positive outcomes, requires a thorough
understanding of anatomy, biomechanics, and patient risk
assessment to reduce the likelihood of serious side effects,
such as vertebral artery injury [5].

In clinical practice, HVLA techniques on the cervical
spine are often considered for their potential benefits
in addressing both chronic and acute neck pain.
These techniques are believed to produce rapid and
significant results in certain conditions and are frequently
combined with other therapeutic modalities, such as
strengthening exercises and stretching, to achieve more
optimal therapeutic outcomes. HVLA manipulation
therapy for the cervical spine has been shown to
provide significant benefits in reducing pain, improving
mobility, and enhancing function in patients with various
musculoskeletal neck disorders. Several studies indicate
that this technique is effective in reducing the intensity of
mechanical neck pain and increasing the range of motion
in cervical joints, thereby contributing to postural recovery
and improvements in functional activities [4].

Research indicates that HVLA therapy can result in
significant improvements in reducing neck pain and
enhancing functionality. This therapy method is often
found to be more effective than other conservative
treatments or pharmacological interventions. Recent
approaches to risk management recommend thorough
risk assessment and precise clinical decision-making to
minimize potential complications. Practitioners are advised
to conduct a comprehensive evaluation of patients before
initiating therapy [28].

Although HVLA manipulation on the cervical spine
has potential benefits, this technique also raises concerns
regarding the risk of injury, particularly to the vertebral
arteries and neural structures surrounding the cervical
spine. The application of HVLA techniques to the cervical
region requires a comprehensive examination beforehand
to ensure that patients meet safety criteria. This assessment
includes evaluating medical history, physical condition,
and the potential presence of contraindications, such as
vascular disorders or structural issues in the neck, which
may increase the risk of injury [29]. A thorough assessment
can help identify suitable patients, allowing this technique
to be applied effectively without compromising patient
safety.

HVLA therapy works by facilitating joint mobilization
and reducing muscle tension, contributing to pain
reduction and improved mobility. Patients undergoing
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HVLA therapy often report an improved quality of life and
enhanced ability to perform daily activities. These positive
effects can persist after therapy sessions, providing long-
term benefits for patients.

HVLA on Pain and Range of Motion (ROM)

Intervertebral joint dysfunction is characterized by
reduced spinal segment mobility, and spinal manipulation
has the potential to influence joint mobility, leading to
changes in spinal kinematic behavior. It has been found
that HVLA is more effective in reducing neck pain at rest
and in improving active cervical range of motion compared
to control mobilization procedures in subjects suffering
from mechanical neck pain [28].

Proper spinal manipulation procedures will affect the
mobility of non-moving joints and lead to increased range
of motion in specific segments. However, Clements et al.
found that HVLA manipulation of the atlantoaxial joint
resulted in significant immediate improvements in passive
asymmetric atlantoaxial rotation, regardless of whether
the HVLA technique was applied unilaterally — either
toward or away from the restricted rotation — or bilaterally.
Additionally, it was found that the increase in cervical ROM
after the manipulative procedure was not dependent on
the side of manipulation. Therefore, it is possible that the
HVLA thrust possesses an inherent quality that can alter
cervical biomechanics, regardless of the direction or side
of the thrust. HVLA thrust also contributes to an increase
in range of motion. Thus, there is a possibility that pain
modulation effects, rather than direct range of motion
effects, may cause changes in active range of motion [30].

Previous studies have shown that spinal manipulation
is effective in reducing pressure pain thresholds and
increasing cervical range of motion in patients with
mechanical neck pain. Other research has reported that no
long-term changes in passive cervical range of motion occur
following spinal manipulation. Cassidy J.D. et al. compared
the immediate effects of spinal manipulative therapy with
the muscle energy technique as a mobilization procedure
on pain and range of motion in the cervical spine [5].

Safety of HVLA Related to Blood Flow

Vertebrobasilar Artery (VBA) stroke can occur for
a number of reasons. In cases of traumatic events, the
theoretical focus is on mechanical forces associated with
head movement that cause irritation or damage to the
intimallayer,  leadingtovasospasmortearingoftheVertebral
Artery (VA), which alters blood flow. Based on Bernoulli’s
principle, an increase in blood flow velocity occurs at and/
or immediately after a point of vascular narrowing due to
stretching or compression. This can result in turbulent and
jetting flow immediately downstream of the distorted area,
potentially triggering a local thrombogenic response that
leads to VBA stroke.

A common hypothesis suggests that head rotation,
including Cervical Spine Manipulation (CSM), can cause
stretching and compression of the VA, leading to a reduction
in the cross-sectional area of the blood vessel. Considering
cervical kinematics during rotation, mechanical changes
to the VA are possible. However, in cadaveric studies,
Symons B.M. et al., 2002, and Wuest S. et al., 2010, measured
the axial forces sustained by the VA during the range of
motion, injury testing, and various CSM techniques using

MIIATY | TV 13 VHVYONN LYWHVY

137



HYTPAXA P. N AP. | OB30PHAA CTATbA

138

paired piezoelectric crystals sewn into the arterial wall.
Cervical spinal manipulation produced strain values lower
than those observed during physiological neck rotation
[31, 32].

Arterial flow never exceeded half of the end-diastolic
flow seen in stenosis cases confirmed by Yurdakul M. and
Tola M., 2011, and remained entirely within the reference
range after all head positions and CSM procedures. The most
significant changes were observed during contralateral
rotation, where VA velocity after CSM was 8 % lower than in
the neutral position and 9 % lower than in the mid-position
for peak velocity measurements. When examining VA flow,
the greatest change was 7 %, observed in the contralateral
VA after CSM. These blood flow changes were relatively
small and, according to Licht et al., not considered clinically
significant [33].

Approximately 50 % of total cervical rotation occurs at
the atlantoaxial region. During rotation, it is proposed that
the artery contralateral to the rotation side is stretched,
while the ipsilateral artery is compressed against bony
landmarks in that area. Cervical spinal manipulation is
hypothesized to be a mechanism for vertebral artery injury
due to rotational forces applied during many cervical spinal
manipulation techniques.

Spinal manipulation interventions stretch the vertebral
arteries well within the normal physiological range of neck
movement, making it unlikely that spinal manipulation
thrusts in the cervical region mechanically compromise the
vertebral artery. Manipulation occurs within the normal
physiological limits of cervical rotation and, therefore,
is unlikely to alter or affect the hemodynamics of blood
flow through the ipsilateral vertebral artery. Without
pre-existing risk factors, hemodynamic measurements
of the V3 segment of the vertebral artery indicate no
significant differences in blood flow or blood velocity in the
suboccipital part (V3) of the VA following head rotation or
high-velocity low-amplitude manipulation procedures.

HVLA on Blood Pressure

Spinal Manipulative Therapy (SMT) on the upper cervical
region can enhance parasympathetic dominance, while
SMT on the lower cervical region increases sympathetic
activity in healthy individuals. However, parasympathetic
dominance has been observed in patients with neck pain
who received both upper and lower cervical SMT. Upper
cervical SMT has been shown to lower blood pressure
in healthy individuals, whereas the effects of upper and
lower cervical SMT on patient groups remain unclear.
Nevertheless, a strong increase in vagal tone has been
suggested to counteract sympathetic tone and stress-
related effects or contribute to pain reduction.

Other underlying mechanisms for blood pressure
reduction may include cervicosympathetic reflex
stimulation, modulation of muscle tone, and the elimination
of pressor reflex effects. Welch A. and Boone R., 2001,
reported a significant reduction in blood pressure and
pulse pressure but found no changes in heart rate following
manipulation. Welch hypothesized that if the upper cervical
segments are manipulated, a parasympathetic response
would be triggered due to their proximity to the brainstem,
where the motor nuclei of cranial nerves lll, VII, IX, X, and XI
are located. Conversely, manipulation of the upper thoracic
or lower cervical segments would elicit a sympathetic
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response due to the involvement of the stellate ganglion,
which stimulates the sympathetic chain ganglia [34].

Another theory suggests that the reduction in systolic
blood pressure following upper cervical SMT may be
attributed to the activation of the cervical sympathetic
reflex, which responds to signals from muscle spindles or
Golgi tendon organs in the suboccipital spine to counteract
the vestibulosympathetic reflex [20].

HVLA in Enhancing Handgrip Strength

Spinal manipulation can influence how the central
nervous system responds to functional tasks. Cervical
thrust techniques increase the resting electromyographic
activity of the biceps brachii muscle, which enhances
elbow flexor strength and may affect grip strength [35, 36].
However, the observed changes in grip strength only
represented a 5 % increase from the baseline score, which
is below the clinically significant threshold reported for this
outcome measure [37]. Therefore, it was concluded that
low-cervical and upper-thoracic thrust manipulation is no
more effective than a placebo in inducing grip strength in
patients with chronic, non-specific mechanical neck pain.

A lower pressure pain threshold, compared to healthy
controls, has been observed in patients with chronic non-
specific neck pain both locally at the cervical spine and
along peripheral nerve trunks (median, radial, and ulnar
nerves). Upper limb neurodynamic tests are used to detect
increased mechanosensitivity of the brachial plexus nerve
trunks and report their reliability levels [22].

In randomized controlled trials, the overall findings
indicate that cervical or thoracic thrust manipulation has
similar effects on improving the mechanosensitivity of
upper limb nerve trunks and grip strength in patients
with chronic, non-specific mechanical neck pain. However,
all these changes were small and below the threshold
considered clinically relevant [38].

Regarding free pain grip strength, it is concluded
that spinal manipulation can influence how the central
nervous system responds to functional tasks. Cervical
thrust techniques increase the resting electromyographic
activity of the biceps brachii muscle, which may enhance
elbow flexor strength and affect grip strength. Immediate
changes in grip strength have been observed following
spinal manipulation in healthy individuals and in patients
with lateral epicondylalgia, with improvements ranging
from 10 % to 40 % of baseline values. Contrary to the
findings of Bautista-Aguirre F. et al., changes in this study
only represented a 5 % increase from the initial score,
which was below the clinically significant threshold
reported for this outcome measure. Therefore, it can be
concluded that HVLA is not effective in improving neural
mechanosensitivity or free pain grip strength in patients
with chronic, non-specific mechanical neck pain [38].

HVLA in Enhancing Cervical Spine Muscle Strength
Adequate joint proprioception is crucial for muscle
function, as dysfunctional spinal joints can alter
mechanoreceptor input, affecting neural control of
strength and tone. Poor sensory integration may lead to
movement dysfunction or strength impairment, which
can be addressed through manipulation. Segmental
spinal dysfunction alters neurological input, reducing local
muscle tone and weakening neck muscles, particularly in
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those with neck pain. Treating upper and lower cervical
dysfunction has shown positive effects on anterolateral
neck flexor strength, including muscles like the longus colli,
rectus capitis, scalenes, platysma, and sternocleidomastoid.
The predicted weaker side demonstrated greater strength
gains, leading to bilateral balance in clinical assessments.
This suggests a link between atlas misalignment and
asymmetric muscle strength, highlighting the role of
segmental dysfunction in neural inhibition [22].

Previous studies on manipulation have only reported

produces greater improvements in neck strength on the
weaker side compared to the stronger side. This effect is
more pronounced than treatment limited to lower cervical
spine manipulations alone, suggesting that manipulation
has neurological effects that result in immediate changes
in muscle strength. This study also provides strong support
for the necessity of segment-specific and direction-specific
manipulative interventions in patients with mechanical
neck pain [22].

temporary treatment effects. The strength gains observed in  CONCLUSION g
the present study may also be temporary. Further research HVLA manual therapy applied to the cervical spine <
is needed to determine the duration of the positive effects shows promising potential in terms of both safety and E
of manipulation. The presence of strength enhancement effectiveness. Although certain risks must be considered, =
following passive techniques highlights the potential the clinical benefits of this therapy can be substantial, %
role of neurological inhibition in weak muscles during particularly in managing neck pain and improving £
examination. Although long-term strength gains are best  functional capacity. Practitioners should consistently T
achieved through therapeutic exercises, reducing inhibitory conduct thorough risk assessments and consider individual m
afferent input may optimize and accelerate recovery [22].  patient conditions to optimize treatment outcomes. 5
Manipulation benefits neurological function by The impact of HVLA on factors such as blood flow, blood ™
inducing changes in afferent excitation levels from sensory  pressure, handgrip strength, and cervical muscle strength
impulses originating from spinal segments. Altered has not been found to be significant, supporting its safety 2
afferent input ultimately results in rapid changes in muscle considerations. Despite its therapeutic effects, HVLA g
strength. Treatment of segmental dysfunctions in the should not be considered a primary intervention in patient
upper and lower cervical spine through manipulation management.
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