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Abstract

Background: Cervical high-velocity low-amplitude (HVLA) manipulation technique is among the oldest and
most frequently used chiropractic manual therapy, but the physiologic and biomechanics effects were not
completely clear.

Objective: This review aims to describe the effects of cervical HVLA manipulation techniques on range of
motion, strength, and cardiovascular performance.

Methods/Design: A systematic search was conducted of the electronic databases from January 2000
to August 2016: PubMed (n=131), ScienceDirect (n=101), Scopus (n=991), PEDro (n=33), CINAHL
(n=884), and SciELO (n=5). Two independent reviewers conducted the screening process to deter-
mine article eligibility. The intervention that included randomized controlled trials was thrust, or HVLA,
manipulative therapy directed to the cervical spine. Methodological quality was assessed using the Co-
chrane risk-of-bias tool. The initial search rendered 2145 articles. After screening titles and abstracts, 11
articles remained for full-text review.

Results: The review shows that cervical HVLA manipulation treatment results in a large effect size (d > 0.80)
on increasing cervical range of motion and mouth opening. In patients with lateral epicondylalgia, cervical
HVLA manipulation resulted in increased pain-free handgrip strength, with large effect sizes (1.44 and 0.78,
respectively). Finally, in subjects with hypertension the blood pressure seemed to decrease after cervical HVLA
manipulation. Higher quality studies are needed to develop a stronger evidence-based foundation for HVLA
manipulation techniques as a treatment for cervical conditions.
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Implications for Practice

e A large effect size was found in cervical range of
motion improvement after cervical high-velocity low-
amplitude (HVLA) manipulation, especially for pa-
tients with neck pain.

e Significant decrease found in blood pressure in subjects
with hypertension seems to decrease after cervical HVLA
manipulation, especially in diastolic blood pressure.

e Also significant improvements found in pain free
handgrip strength increase after cervical HVLA ma-
nipulation in patients with lateral epicondylalgia.

Introduction

SPINAL MANIPULATIVE THERAPY is frequently used by
osteopaths, physiotherapists, chiropractors, and doctors.
One of the most commonly used techniques involves high-
velocity low-amplitude (HVLA) manipulations. Tuchin
et al. previously defined HVLA techniques as follows: “A
HVLA technique uses a low-amplitude high-velocity thrust
in which vertebrae are carried beyond the normal physiologic
range of movement without exceeding the boundaries of
anatomic integrity.”"

Previous reviews have focused on the effects of cervical
HVLA manipulation in relation to neck pain®~* and adverse
effects after HVLA manipulation treatments of the cervical
spine.”® Thus, a gap in the literature exists concerning re-
views of cervical HVLA manipulation effects in relation to
various other conditions like strength and mobility.

Previous studies have investigated the effects of HVLA
manipulation at cervical spine; these effects included a de-
crease of pain,’ an increase in mobility,® or an improvement
in posture.9 However, several articles described other effects
like handgrip strength'® or temporomandibular joint mo-
bility.11 In addition to musculoskeletal effects, effects on the
cardiovascular,'? central nervous,'® and respiratory'* sys-
tems have been described. Thus, rather than focusing on a
single condition, this review takes a broad approach and
provides an overall review on the effects of cervical HVLA
manipulation for various conditions. Indeed, several studies
also show inconsistent results particularly with respect to
adults, where data are scarce.

In the literature experimental trials have been conducted
investigating multimodal conservative treatments for cervi-
cal conditions'”; these studies lacked specificity in reporting
effect size outcomes; for this reason, trials that used a
combined treatment or that comPared cervical HVLA ma-
nipulation with other techniques'® were excluded to inves-
tigate the isolated effect of cervical HVLA manipulation.'®

The aim of this review was to analyze the effects of
cervical HVLA manipulation and compare them with con-
trol or placebo in randomized controlled study designs on
spine and temporomandibular joint mobility, strength, and
cardiovascular system.

Methods

The study was undertaken in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement, and the method used was
based on the minimum criteria established by the Cochrane
Back Review Group (CBRG).'"'®
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Literature search

Queries of the literature were performed using the elec-
tronic databases PubMed, ScienceDirect, Scopus, PEDro,
SciELO, and CINAHL from January 2000 to August 2016.
The terms used were: [“Pain” and ‘‘chiropractic” OR],
[“osteopathic’’ and ““trust’” and ‘‘manipulation” and ‘‘neck”
and “‘cervical” OR]. All Medical Subject Headings terms
were combined with pain*, adult*, controlled*, clinical trial*,
experimental*, randomized*, strength*, and spine* as limit-
ers. In addition, the reference lists were examined to detect
studies potentially eligible for inclusion. Studies reported in
languages other than English were not explored.

Eligibility criteria

Study selection. Two of the authors independently
screened titles and abstracts of the studies identified by the
search strategy. Potentially eligible studies were read in full
text and independently evaluated for inclusion in the review.

Data extraction. Two authors (X.G. and M.IL.) indepen-
dently screened the titles and abstracts of potentially eligible
studies identified by the search strate%y. If necessary, a third
researcher (R.R.-V.) was consulted.’

Dealing with missing data. If the article did not contain
sufficient information, the authors of the article were con-
tacted for additional information. Some authors were asked
for more detail on investigation procedure and outcome data.

Types of studies. Randomized controlled trials that inves-
tigated the effects of cervical spine HVLA manipulation were
included. Studies included only English language peer-reviewed
scholarly journals. Designs included parallel and crossover trials.
Case reports, case series, single-case studies, dissertations, and
conference proceedings were excluded. Authors were contacted
to provide missing data or to clarify if data were duplicated in
multiple publications. Incomplete data, or data from an already
included study, were excluded.

Types of participants. The subjects included symptomatic
or asymptomatic humans without any age or sex restrictions.

Types of interventions. The included interventions were
HVLA manipulations targeting the cervical spine, regardless
of whether cavitation occurred. Cervical HVLA manipula-
tion techniques involving the use of an instrument, such as
an activator or other device, were excluded. Single or
multiple cervical HVLA manipulation techniques were in-
cluded, but only those that targeted the cervical spine re-
gion. To obtain maximum specificity regarding the cervical
HVLA manipulation effects, studies that used multimodal
treatments were excluded, that is, trials that used any type of
co-interventions, such as electrotherapy, massage, manipu-
lations that were not targeted to the cervical spine, exercise,
or other interventions, were excluded. In addition, studies
that used a preparatory soft massage were excluded.

Types of comparisons. The comparison group included
inactive controls, sham techniques, manual contact, quiet
rest, or any form of placebo intervention. Exercise, manip-
ulations not targeted to the cervical spine, medication,
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patient education, and other interventions were excluded
from the comparison group.

Types of outcome measures. Any type of physiologic
measurement, for example, cervical range of motion
(CROM) instrument readings, universal caliper, handheld
dynamometer readings, or electrocardiogram (ECG), was
accepted. Any device or questionnaire used in these tech-
niques must have been validated previously.

Risk of bias in individual studies. For the assessment of
the risk of bias of individual studies, the CBRG updated criteria
were used.'® Discussion and consensus were used by two au-
thors (X.G. and M.L) to resolve disagreements about the
methodological quality of the studies assessed in the current
review; if necessary, a third researcher (R.R.-V.) was con-
sulted. For a study to be rated as having a low risk of bias, a
score equal to or higher than 6 on a scale of 12 items must be
obtained. Each assessed item can be scored as ““yes,” “no,” or
“unclear”’: “yes” if it is included in the article, ‘“no” if is not
included, and if the article does not provide enough informa-
tion allowing a yes/no score and the authors could not be
contacted, the criteria were scored as unsure. Studies were not
excluded from further analyses based on the results of risk-of-
bias assessments.

Data analysis and clinical relevance. The effect size was
calculated using the mean difference to obtain the Cohen’s d
with a 95% confidence interval (CI). A small effect was
defined as Cohen’s d scores around 0.2. A moderate effect
was defined as Cohen’s d scores around 0.5, and finally
scores around 0.8 were considered as a large effect.'” These
outcomes were most likely to be consistently reported across
studies and are applicable to clinical practice.

Results
Study selection

In their preliminary search, the titles of 2145 articles were
read; of these, 183 were eligible for the next step, which in-
cluded reading the abstracts. Based on the 183 abstract, 42 were
eligible for full-text screening. From the 42 full-text articles, 11
original research studies that investigated the effects of cervical
HVLA manipulation are included in Figure 1.

Other studies that investigated the effects of cervical HVLA
manipulation combined with other treatment techniques were
excluded. Studies that did not include a control or sham group
were excluded. Case report studies were excluded.

Study characteristics

Among the 11 eligible studies, most reported on cervi-
cal HVLA manipulation and mobility; in the remaining
cases, the relationships between cervical HVLA manipu-
lation and strength and cardiovascular system were in-
vestigated (Table 1).

Risk of bias within studies

Table 2 reports the methodological score by each criteria
developed by CBRG. Out of a total of 11 articles all of them
have low risk of bias.
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Synthesis of Results and Discussion
Cervical HVLA manipulation and mobility

Cervical HVLA manipulation and cervical spine mobility.
Two studies have examined the relationship between cer-
vical HVLA manipulation and cervical spine mobility.
Martinez-Segura et al.® investigated the immediate effects
on CROM after a single HVLA manipulation at the middle
cervical spine level in seventy subjects with neck pain of at
least 1-month duration. Mechanical neck pain was defined by
the authors as generalized neck and/or shoulder pain with
mechanical characteristics, including symptoms provoked by
maintained neck postures, by neck movement, or by palpa-
tion of the cervical muscles, also inclusion requirements for
patients to be participants were intervertebral joint dysfunc-
tion at C3 through C4 or C4 through C5 levels diagnosed by
the lateral gliding test of the cervical spine; this test has
shown high inter- and intra-examiner reliability, as well as a
good relationship between manual diagnosis and hypomo-
bility.?**! Immediately after treatment, cervical HVLA ma-
nipulation increased neck flexion by 7°, extension by 8°, left
side bending by 5°, right side bending by 5°, left rotation by
9°, and right rotation by 10°. At the CROM the effect size
was considered large (>0.80) except in right side bending
range of motion (ROM) where the effect size was considered
moderate (0.71).8 However, Passmore et al.?? investigated
mobility improvement after cervical HVLA manipulation
in the upper cervical spine. In this case, the dysfunctional
level manipulated was C1/C2, and the subjects were
asymptomatic with palpable intervertebral motion re-
striction at the C1-C2 level. The results were different; the
only significant improvement found was for right rotation
(by 3.75°) with a moderate effect size (0.50) (Table 3).22
All patients were evaluated with a cervical mobility ex-
ploration using a goniometer CROM (Performance At-
tainment Associates, St. Paul, MN). This device has been
validated in several studies and offers a moderate intra-
examiner Intraclass Correlation Coefficient (ICC 0.69) and a
good inter-examiner ICC (0.75).23’24 The CROM goniometer
had three inclinometers, whose scales ranged from 2° to 2°.
These inclinometers are attached to a frame similar to glasses.
The CROM device was mounted over the subjects’ nose
bridge and ears and secured to head by a strap. The frontal and
lateral gravity dependent inclinometers measured the side
bending and flexion/extension, respectively; instead, the third
magnetic dependent inclinometer needed to put a magnetic
necklace to measure the rotation. In the starting position the
participants were seated relaxed with their feet flat on the
floor, their knees and ankles at 90° of flexion, and their hands
supported on their thighs.

The difference between these results can be explained in
that Martinez-Segura et al.® studied patients with neck pain
and with important cervical spine ROM limitations, whereas
Passmore et al.?* studied healthy volunteers with dysfunc-
tion but with less cervical spine ROM alterations.

Cervical HVLA manipulation and temporomandibular joint
mobility. Many studies have investigated the effects of
treatments that target the neck to modulate pain in cra-
niofacial regions.”> The application of treatments directed
at the cervical spine may be beneficial in decreasing pain
intensity, in increasing pressure pain thresholds over the
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Records identified through database searching
PUBMED (n=131), Science Direct (n=101),
Scopus (n=991), PeDro (n=33), Scielo (n=5),

CINHAL (n=884)

Records screened (n=2145)

Duplicate articles excluded and

Full text articles evaluated (n=42)

articles excluded based in title and
abstract for exclusion and inclusion

criteria

Articles excluded based in

RCTs included in this review (n=11)

exclusion and inclusion criteria

FIG. 1.

mastication muscles, and in increasing pain-free mouth
opening (Table 3).%°

The relationship between mouth opening and cervical
HVLA manipulation was studied in three articles. In the first
article, George et al.?’ investigated the effect of cervical
HVLA manipulation and manual therapy on normal mouth
opening in asymptomatic subjects. The intervention applied
to the cervical HVLA manipulation group comprised an

TABLE 1. LisT OF OUTCOME MEASURES AND OTHER DATA
EXTRACTED FROM INCLUDED STUDIES

Data Type Units
Cervical mobility Outcome Degrees
Temporomandibular Outcome mm
joint mobility
Strength Outcome Kg
Systolic blood pressure Outcome mmHg
Diastolic blood pressure Outcome mmHg
ECG Outcome ms
Heart rate Outcome bpm
Program duration Covariate Weeks
Session frequency Covariate Sessions
per week
Year Year of Year
publication

ECG, electrocardiogram.

Study selection flow diagram. RCTs, randomized controlled trials.

upper cervical HVLA manipulation at the fixated side.
No significant changes were found between the control
and cervical HVLA manipulation groups.?” In contrast,
Mansilla-Ferragut et al.'' found a significant increase in
active mouth opening after cervical HVLA manipulation. In
this case, the authors investigated the effects of an upper
cervical HVLA manipulation on active mouth opening in
women with mechanical neck pain; mouth opening was as-
sessed pretreatment and 5 min post-treatment, and a 3.5 mm
difference between pre- and postmeasurement was found.
Large effect size was considered d>1.5."" Oliveira-Campelo
et al., in healthy subjects but with latent myofascial trigger
points in the masseter muscle on either the left or right side,
also found an immediate increase in mouth opening after
cervical HVLA manipulation at the C1/CO joint (1.5 mm), but
the effect size was considered small (0.22).28

Two different devices were used to measure the active
mouth openin;%. Oliveira-Campelo et al.*® and Mansilla-
Ferragut et al.'' assessed the active mouth opening as the
distance in millimeters between the upper and lower-central
dental incisors using a universal caliper. Three consecutive
trials were made at 30-sec intervals, and the mean of the
three trials was used for data analysis. The intra-assessor
reliability has been shown to be high ICC=0.90-0.98) for
the measurement of mouth opening®; however, George
et al.”” used a TheraBite ROM scale, three measurements
were taken, and the average score was recorded.
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TABLE 2. DETAILED RISK-OF-B1AS ASSESSMENT USING THE COCHRANE TooOL
Article 1 2 3 4 5 6 7 8 9 10 11 12 Score
Martinez-Segura et al.® Y N Y N Y N Y Y Y Y Y Y 9/12
Passmore et al. U N N N Y N Y Y Y Y Y Y 7/12
George et al. U N N N Y N Y Y Y Y Y Y 7712
Mansilla-Ferragut et al.'! Y N N N N N Y Y Y Y Y Y 712
Fernandez-Carnero et al.>! Y N Y N Y N Y Y Y Y Y Y 9/12
Oliveira-Campelo et al.*® Y N N N N N Y Y Y Y Y Y 7712
Humphries et al.* U N Y N Y N Y Y Y Y Y Y 8/12
Botelho et al.'? Y N N N U N Y Y Y Y Y Y 7/12
Bakris et al.® Y N Y N U Y Y Y Y Y Y Y 9/12
Knutson'? U N N N N N U Y Y Y Y Y 5/12
Ward et al.® Y N N N Y Y Y Y Y Y Y Y 9/12

Criteria items: 1, Was the method of randomization adequate? 2, Was the treatment allocation concealed? 3, Was the patient blinded to
the intervention? 4, Was the care provider blinded to the intervention? 5, Was the outcome assessor blinded to the intervention? 6, Was the
dropout rate described and acceptable? 7, Were all randomized participants analyzed in the group to which they were allocated? 8, Are
reports of the study free of suggestion of selective outcome reporting? 9, Were the groups similar at baseline regarding the most important
prognostic indicators? 10, Were co-interventions avoided or similar? 11, Was the compliance acceptable in all groups? 12, Was the timing

of the outcome assessment similar in all groups?
N, no; U, unsure; Y, yes.

The results obtained in the studies analyzed here are
controversial. The most significant increase of mouth
opening was found in a study of symptomatic subjects."!
Considering that the neck pain can decrease mouth open-
ing, treatment with cervical HVLA manipulation in those
subjects might improve mouth opening more significant-
ly.*® In Mansilla-Ferragut et al.'' study the preintervention
active mouth opening was 35.4 (CI=33.3-37.4) mm and in
Oliveira-Campelo et al.”® and George et al.*” 46.4+ 6.8 and
49.5+7.5, respectively.

Cervical HVLA manipulation and strength. Continuing
with the possible effects of cervical HVLA manipulation on
innervated related tissues, several authors investigated
whether cervical HVLA manipulation can improve motor
control of the upper limb. Three articles reported the effects
of cervical HVLA manipulation on handgrip strength with
different conclusions (Table 3).

Humphries et al. investigated the immediate effects of a
single C5/C6 HVLA manipulation on right maximum hand-
grip in recreational basketball players. A marginal improve-
ment (mean, 0.7kg) was observed for maximum isometric
handgrip strength, but this difference was not significant [ef-
fect size small (0.07)].%°

In contrast, Botelho et al. studied elite judo athletes; all
cervical levels with dysfunction were manipulated thrice in
a 3-week period. The authors found a significant increase in
the left (10.53%) and right (16.82%) handgrip strengths.'”

The manipulation protocol was different between these two
studies. Humphries et al.*” intervention involved a diversified
manipulation to the left posterior column of C5-C6 and an-
alyzed the effects immediately; however, Botelho et al.'®
manipulated all cervical levels with dysfunction thrice in a 3-
week period. Both studies used a hydraulic hand dynamom-
eter device to measure handgrip isometric strength, for all of
that, the results obtained in these two studies are controversial.

In relation to symptomatic subjects, Fernandez-Carnero
et al., in a crossover study, investigated the effect of C5/C6
HVLA in patients with lateral epicondylalgia (LE).*' The
authors studied the maximum pain-free handgrip strength

(PFG) on the affected side and the maximum handgrip
strength on the other side (HGS). The application of HVLA
manipulation at C5/C6 produced an immediate increase of
PFG on the affected side at 37.8% [with a large effect size
(0.78)]; on the unaffected side, the results obtained were
similar to those obtained by Humphries et al. and were not
significant [small effect size (0.05)].30

Cervical HVLA manipulation and cardiovascular system.
Bakris et al. in their pilot study concluded that during res-
toration of the atlas alignment using a HVLA technique
once a week during 8 weeks in patients with hypertension
stage 1, blood pressure (BP) descended more than placebo
technique; the results obtained were similar to those ob-
tained in studies using drug therapy. In contrast, heart rate
was not reduced.*? Consistently, Knutson found a significant
decrease in systolic BP of 10.3 mmHg [effect size moderate
(0.42)]. However, the authors did not observe significant
changes in heart rate or diastolic BP.'?

In contrast, Ward et al. studied 48 healthy subjects; the
cervical HVLA manipulation group intervention involved a
C1 rotation technique. No statistically significant differences
were shown for ECG, bilateral pulse oximetry, and bilateral
BP in any between-group comparisons of cardiovascular-
dependent variables.>

These different findings might be explained as follows: in
the studies of Knutson'? and Bakris et al.** the dysfunction
of the subjects was diagnosed; however, in the study of
Ward et al.*® the subjects were randomized into four
groups. In this last case, the cervical HVLA manipulation
technique used might not have been the most appropriate.
Perhaps if the study were conducted in hypertensive patients
with real dysfunction and adequate correction at Cl the
results might have been different to those observed by
Bakris et al.’* (Table 3).

Only in Bakris et al.** study followed a validated protocol
to measure BP, the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure.**
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Conclusion

This review shows that cervical HVLA manipulation re-
sults in improvements of mobility, as well as in the cardio-
vascular system. A large effect size was found in CROM
improvement, especially for patients with neck pain. Rota-
tion was the most clearly improved movement. In addition,
mouth opening without pain was improved after upper cer-
vical HVLA manipulation, mainly in patients with neck pain.

Regarding handgrip strength, no significant changes were
found after cervical HVLA manipulation; however, free
handgrip improved after cervical HVLA manipulation in
patients with LE pain. The effects of cervical HVLA ma-
nipulation at C5/C6 in electromyography were contradic-
tory, and further research is warranted.

In respect of the relationship between upper cervical
HVLA manipulation and the cardiovascular system, a de-
crease in diastolic BP was found; however, for other studied
variables, such as heart rate, systolic BP, electrocardiogram,
and bilateral pulse oximetry, the changes were not significant.

In summary, studies that examined symptomatic subjects
and real dysfunctions showed better improvement than
others; this might indicate that the effects of cervical HVLA
manipulation were related more to the recovery of limita-
tions than to improvements in mobility, strength, and other
parameters. Higher quality studies are needed to develop a
stronger evidence-based foundation for HVLA techniques as
a treatment for cervical conditions.
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