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Study design: Narrative Review & Case Series.

Background: No “gold standard” test presently exists to confirm a diagnosis of cervicogenic dizziness, a

condition whereby the neuromusculoskeletal tissues of the cervical spine are thought to contribute to

imbalance and dizziness. Clusters of tests are presently recommended to provoke signs and symptoms of

the condition. In this regard, dry needling may provide a valuable diagnostic tool. Targeting the

musculoskeletal structures of the upper neck with dry needling may also provide a valuable treatment

tool for patients that suffer from cervicogenic dizziness. While dry needling has been used to treat

various musculoskeletal conditions, it has not been specifically reported in patients with cervicogenic

dizziness.

Case description: Three patients were screened for signs and symptoms related to cervicogenic dizziness

in an outpatient physical therapy clinic. These patients presented with signs and symptoms often

associated with (though not always) cervicogenic dizziness, including a positive flexion-rotation test,

altered cervical range of motion, and tenderness with manual assessment of the upper cervical extensors.

In addition, dry needling targeting the obliquus capitis inferior muscle was used diagnostically to

reproduce symptoms as well as to treat the patients.

Outcomes: Two of the patients reported full resolution of their dizziness and a significant improvement

in their function per standardized outcome measures. While the third patient did not report full reso-

lution of her cervicogenic dizziness, she noted significant improvement, and dry needling was helpful in

guiding further treatment. Importantly, the effect of the treatment was maintained in all three patients

for at least 6 months.

Discussion: This case series with narrative review covers various testing procedures for cervicogenic

dizziness and explores the use of dry needling targeting the suboccipital muscles to evaluate and treat

this patient population. The physiologic changes that occur in the periphery, the spine and the brain

secondary to dry needling and their potential relevance to the mechanisms driving cervicogenic dizzi-

ness are discussed in detail.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

The treatment of dizziness is a challenging and often frustrating

endeavor for clinicians due to the complexity of the condition and

the number of systems involved (Chandrasekhar, 2013;

Wipperman, 2014). Interactions between the vestibular, ocular,

and somatosensory system all relay afferent information to the

central nervous system via a number of reflex pathways so as to

maintain general balance and stability (Kristjansson and Treleaven,

2009). While disagreement between these systems can lead to

appropriate alterations of reflexive posture, unresolved differences

can cause symptoms of dizziness (Kristjansson and Treleaven,

2009; Treleaven, 2008a).

Notably, the cervical spine can contribute to dizziness. Bow-

Hunter's syndrome (i.e. rotational vertebral artery compression)

and Barr�e-Li�eou syndrome (i.e. sympathetic vertebral plexus irri-

tation) are disorders of cervical origin that cause dizziness (Brandt,

2001; L'Heureux-Lebeau et al., 2014; Yacovino and Hain, 2013).

Moreover, some investigators have suggested that proprioceptive

dysfunction in the cervical spine may be the most common finding
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associated with cervicogenic dizziness (Hain, 2015). This is likely

due to the role of the suboccipital muscles and upper cervical joints,

which communicate important information to and from the central

nervous system to alter postural stability, cervical reflexive pro-

prioception, head& eye movement control and, ultimately, balance

(Armstrong and McNair, 2008; Dutia, 1991; Fernandez-de-Las-

Penas et al., 2007; Hain, 2015; Hulse, 1983; L'Heureux-Lebeau

et al., 2014; McLain, 1994; Morningstar et al., 2005; Reichel and

Stenner, 2013; Treleaven et al., 2011; Watson and Colebatch, 1998).

While clinicians have several tools to diagnose cervical propri-

oceptive dysfunction as the cause of dizziness (Al-Saif et al., 2012;

Chen and Treleaven, 2013; Ellis et al., 2015; L'Heureux-Lebeau

et al., 2014; Treleaven et al., 2003, 2005a), the absence of a gold

standard places limits on the diagnostic accuracy and inter-

examiner reliability of such a diagnosis (Hain, 2015; Huijbregts

and Vidal, 2004; Li and Peng, 2015; Yacovino and Hain, 2013).

Moreover, the etiology of cervicogenic dizziness is still not

completely understood, and the best conservative treatment for the

condition continues to be a topic of debate in the literature (Lystad

et al., 2011). As such, the purpose of this paper is to explore the

rationale of using dry needling as a diagnostic test and a potential

treatment for cervicogenic dizziness.

2. Background

2.1. The pathophysiology of cervicogenic dizziness

In the cervical spine, the suboccipital muscles play an important

role in the positioning of the head in space. These muscles can be

reflexively altered by the vestibular system and are implicated in

conditions such as chronic tension-type headache and dystonic

torticaput (Armstrong and McNair, 2008; Fernandez-de-Las-Penas

et al., 2007; Reichel and Stenner, 2013; Watson and Colebatch,

1998). Similarly, the suboccipital muscles also provide feedback to

the vestibular system on the dynamic position of the head and

neck. The cervical spine has an extremely well developed propri-

oceptive system, as evidenced by the density of gamma-muscle

spindles in the deep segmental upper cervical muscles. Per Krist-

jansson and Treleaven, “Gamma muscle spindle system afferents

are particularly important as they initiate the afferent proprio-

ceptive feedback, while other mechanoreceptors such as the joint

receptors and Golgi tendon organs fine tune the muscle spindle

information, predominantly by reflex effects on the gamma motor

neurons” (Kristjansson and Treleaven, 2009).

Type 1 mechanoreceptors and proprioceptors from the facet

joints of the upper cervical spine deliver information to the central

nervous system via the spinal nerves (Reid and Rivett, 2005). Ac-

cording to Borg-Stein et al., the C1-C2 dorsal roots of the spinal

nerve provide afferent information to the abducens nuclei of the

vestibular nerve (Borg-Stein et al., 2001). If the joints are

dysfunctional, however, improper information could be sent to the

vestibular nuclei, resulting in imbalance and dizziness (Cagle, 1995;

Reid and Rivett, 2005).

It is perhaps also worth noting that afferent pain information

from the structures of the upper cervical spine (i.e. facet joints,

muscles, intervertebral discs, etc.) synapse with dorsal horns neu-

rons, which overlap with the trigeminocervical nucleus (Li and

Peng, 2015; Yacovino, 2012). The reciprocal connections between

the trigeminocervical nucleus and the vestibular nuclei have been

implicated in migraine headaches and vertigo (Li and Peng, 2015;

Yacovino, 2012). Interestingly, the overlap of the trigeminocer-

vical nucleus with the C1-C2 dorsal horns has also been linked to

cervicogenic headaches, which are often accompanied by dizziness

(Brown,1992). This may explainwhy Lystad et al., found amoderate

level of evidence for the use of manual therapy with or without

vestibular therapy for the treatment of cervicogenic dizziness

(Lystad et al., 2011; Wrisley et al., 2000). It also may account for the

recent evidence supporting the use of spinal manipulation for

cervicogenic headache and/or dizziness (Chaibi and Tuchin, 2011;

Dunning et al., 2016; Lystad et al., 2011).

From a biomechanical perspective, the suboccipitals are

considered to have a role in active motion of the head on the neck.

However, the obliquus capitis inferior (OCI) appears to play a key

role in proprioception of the upper cervical spine (Bexander et al.,

2005). During active rotation in healthy individuals, Bexander,

et al. found that there is a co-activation of the OCI bilaterally,

instead of a unilateral contraction (Bexander et al., 2005). The high

muscle spindle density of this muscle further suggests that the OCI

plays a predominately proprioceptive role in the upper neck and is

an ideal candidate for sensing joint position (Kulkarni et al., 2001).

Given its role in the cervico-collic reflex, the splenius capitis,

splenius cervicis, and the rectus capitis posterior major may also

play a role in cervicogenic dizziness (Morningstar et al., 2005).

Bexander also found that OCI activity was altered following

cervical injury such as whiplash associated disorder (WAD), leading

to increased activation of neck rotatory muscles with changes in

eye position (Bexander and Hodges, 2012). As such, patients that

experience cervical trauma often experience impaired ocular co-

ordination abilities and dizziness, which has been correlated with

sustained cervical pain (Chen et al., 2006; Heikkil€a and Wenngren,

1998; Hildingsson et al., 2009; Treleaven et al., 2006; Wrisley et al.,

2000). A number of clinicians have suggested that the alteration in

somatosensory function occurs secondary to direct trauma, muscle

inhibition, fatty infiltration and atrophy (Chen et al., 2006; Elliott

et al., 2006; Kristjansson and Treleaven, 2009; McPartland et al.,

1997; Uhlig et al., 1995). Interestingly, smooth pursuit and

saccade disturbances have also been related to cervical afferent

dysfunction. (Eva-Maj et al., 2013; Hildingsson et al., 2009;

Treleaven, 2008b). While smooth pursuit and neck disturbances

can be found in patients with idiopathic neck pain and in the

absence of dizziness, greater deficits in head and eye movement

and postural stability have been measured in patients following a

trauma to the neck (Tjell et al., 2002; Treleaven et al., 2005a,b).

Pain may also play a significant role in cervicogenic dizziness (Li

and Peng, 2015). In addition to WAD, spondylosis and/or spasm at

the cervical spine can be a cause of vertigo due to different

“sensorial strategies in posture”. Per Li & Peng, an injection of

anesthetic into the posterior neck muscles in patients with me-

chanical derangements has been shown to reduce pain and dizzi-

ness, suggesting that the upper neck is likely a key player in

cervicogenic dizziness (Li and Peng, 2015). Notably, experimentally

induced cervical pain targeting the paraspinal muscles at C2/C3 has

been shown to cause significant repositioning error and decreased

proprioception, leading to dizziness in some patients (Eva-Maj

et al., 2013), a finding consistent with other muscle physiology

studies (Chen et al., 2006; Le Pera et al., 2001; Thunberg et al.,

2001).

There are several reflexes that also play an important role in

upright positioning of the body and maintenance of normal bal-

ance. Of note, the cervico-collic, vestibulo-ocular, cervico-ocular,

vestibulo-collic and the vestibulo-spinal reflex play an essential

role in the maintenance of upright body positioning. Importantly,

these reflexes can affect and/or be affected by information from the

cervical spine (Brandt, 2013; Bronstein and Hood, 1986; Chambers

et al., 1985; Field et al., 2008; Han and Lennerstrand, 1996; Horak

and Hlavacka, 2001; Lennerstrand et al., 1996; Morningstar et al.,

2005; Sj€ostr€om et al., 2003; Wapner et al., 1951). While a full dis-

cussion of these reflexes is outside the scope of this paper, the

crosstalk between these reflexive systems and mechanoreceptors,

proprioceptors, and nociceptors of the upper neck further suggests
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that the cervical spine may play a role in dizziness.

3. Clinical tests for cervicogenic dizziness

The clinical utility of individual special tests used to diagnose

cervicogenic dizziness is limited due to the lack of a gold standard

test (Huijbregts and Vidal, 2004; Li and Peng, 2015; Treleaven,

2008a; Yacovino and Hain, 2013). Yacovino and Hain found that

there is not a reliable clinical test or a typical time course for the

condition (Yacovino and Hain, 2013). Tavanai and Hajiabolhassan

reported that there is no protocol for diagnosis of cervicogenic

vertigo, and diagnosis is often based on limited clinical experience

(Tavanai and Hajiabolhassan, 2013). Confusing the issue further,

dizziness has been found as an additional complaint in patients

with Whiplash Associated Disorder (WAD) (Treleaven, 2008a;

Wrisley et al., 2000). While the medical community has therefore

often overlooked the patient's subjective complaints of cervico-

genic dizziness (Kristjansson and Treleaven, 2009; Li and Peng,

2015; Yacovino and Hain, 2013), several individual tests (Burke

et al., 2016; Ellis et al., 2015; Tjell and Rosenhall, 1998; Tjell et al.,

2002; Treleaven, 2008a; Treleaven et al., 2005a; Treleaven et al.,

2003), or clusters of tests (Huijbregts and Vidal, 2004; L'Heureux-

Lebeau et al., 2014; Treleaven et al., 2006; Wrisley et al., 2000;

Yacovino and Hain, 2013) have been suggested to be diagnosti-

cally useful when this condition is suspected.

3.1. The Smooth Pursuit Neck Torsion Test

The Smooth Pursuit Neck Torsion Test (SPNTT) examines

afferent influence on eye movement control (Treleaven et al.,

2005a). The test is classically performed using a light-emitting

diode ramp that provides a moving sinusoid stimulus with eye

movements. The stimuli are tracked via electrooculography, and

the mean gain (ratio between velocity of eye movements and of the

target) is calculated as a parameter to define smooth pursuits. The

difference between the mean gain in a neutral position of the head

and right and left torsion of the head on the body is calculated to

determine the difference (Tjell and Rosenhall, 1998; Treleaven et al.,

2005a). In the absence of expensive laboratory equipment, the

observation of aberrant eye movements during smooth pursuit is

often used to qualitatively assess oculomotor dysfunction (Della

Casa et al., 2014; Treleaven, 2008a).

The SPNTT evaluates the smooth pursuit eye movement system,

proprioception in the neck, the cervico-collic reflex and the

cervico-ocular reflex (Tjell and Rosenhall, 1998; Tjell et al., 2002).

This test has been found to possess high specificity and high

sensitivity for identifying patients with WAD, particularly those

with dizziness (Tjell and Rosenhall, 1998; Tjell et al., 2002). The

SPNTT is also able to “differentiate between smooth pursuit ab-

normalities from a peripheral vestibular, brain stem or higher CNS

cause from that of a cervical cause.” The test has been found to be

90% sensitive and 91% specific inWAD patients with dizziness (Tjell

and Rosenhall, 1998; Treleaven, 2008a; Treleaven et al., 2005a).

More specifically, the SPNTT test was found to be 72% sensitive and

92% specific with a 92% positive predictive value, 71% negative

predictive value and a 28.6 odds ratio for diagnosing WAD vs. non-

traumatic neck pain (Tjell et al., 2002). This test has also been found

to identify those with neck pain & WAD when testing smooth

pursuit with predictably or unpredictably moving targets (Janssen

et al., 2015).

Although the SPNTT test has adequate sensitivity and specificity

for detecting WAD, there are some issues with exclusively using

this test for the diagnosis of cervicogenic dizziness. First, the SPNTT

is not considered a “gold standard” for this diagnosis, as “… it is

unlikely that any smooth pursuit test could be of utility for

diagnosing cervicogenic vertigo due to the complex nature of the

multiple inputs responsible for smooth pursuit and its various

susceptibilities to age, cognition, and sedation” (Hain, 2015). Sec-

ond, a positive SPNTT could be caused by outstanding afferent

proprioceptive or nociceptive input from the cervical region, a

common clinical finding in WAD patients (Hain, 2015; Norre, 1986;

Tjell and Rosenhall, 1998). This could allow for the simultaneous

presence of cervicogenic dizziness andWAD, each causing separate

symptoms of pain and dizziness without a test to separate the two

entities. Third, the SPNTT was found to have a sensitivity and

specificity of 56% and 88%, respectively, when comparing patients

with BPPV and cervicogenic dizziness (L'Heureux-Lebeau et al.,

2014). This type of test should have stronger differential abilities,

especially when compared to a common diagnosis such as BPPV.

Lastly, Tavanai and Hajiabolhassan have suggested that while this

test could be helpful for the diagnosis of cervicogenic dizziness, it

has not been validated (Tavanai and Hajiabolhassan, 2013). This

further challenges the methodology of including this test as a

stand-alone tool in the diagnosis of cervicogenic dizziness.

3.2. Joint position error test

The cervical spine Joint Position Error Test (JPET) has been

suggested as a measure to assess the integrity of the cervical spine

somatosensory system and has a prominent role as a test of afferent

disturbance of the cervical spine (Ellis et al., 2015; L'Heureux-

Lebeau et al., 2014; Treleaven et al., 2003) (See Fig. 1). A positive

JPET suggests improper cervicocollic reflex inhibition, limited head-

neck awareness and abnormal neck and vestibular cross-talk (Chen

and Treleaven, 2013; Kristjansson and Jonsson, 2004; Kristjansson

and Treleaven, 2009). However, while the JPET seems reliable

(Burke et al., 2016), it is intended to determine abnormal joint

proprioception and not diagnose a specific structural source of

symptoms or produce familiar symptoms (Chen and Treleaven,

2013; Treleaven et al., 2003). Therefore, like the SPNTT, the JPET

may be a useful screening tool, but it has limited clinical utility as a

stand-alone diagnostic test for cervicogenic dizziness. Notably,

Chen and Treleaven recommend using both neck torsion and Joint

Position Error (JPE) to best differentiate neck dysfunction from

vestibular dysfunction (Chen and Treleaven, 2013).

3.3. Altered upper cervical range of motion, movement, or control

Cervical joint mechanoreceptors have been identified as playing

a role in upright posture (Armstrong and McNair, 2008; Brandt,

Fig. 1. The joint position error test.
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2013; Dutia, 1991; Hulse, 1983; McLain, 1994). According to Igarashi

et al., facet joint mechanoreceptors may play an even stronger role

than the vestibular system in maintaining static posture (Igarashi

et al., 1969). Bogduk also detailed the role of the upper cervical

spine and its anatomical connections with both pain and pathology

(Bogduk,1992,1994, 2011). According to several authors, segmental

hypermobility with or without pain is a primary mechanism

responsible for cervicogenic dizziness due to its presence in early

spinal degenerative changes and WAD populations (Dai, 1998;

Heidenreich et al., 2008; Kristjansson et al., 2003). Nevertheless,

using mobility testing alone to diagnose cervicogenic dizziness is

not recommended due to poor inter-tester reliability (Cleland et al.,

2006; Hanney et al., 2014; Ogince et al., 2007; Piva et al., 2006;

Seffinger et al., 2004; van Trijffel et al., 2005; van Trijffel et al.,

2009).

In addition to high diagnostic accuracy in patients with cervi-

cogenic headache (Ogince et al., 2007), performing rotational

mobility testing of the C1-2 segment, known as the Cervical

Flexion-Rotation Test (CFRT), may also have diagnostic utility in

patients with cervicogenic dizziness. This test is performed with

cervical rotation in full flexion, and has a high diagnostic accuracy

for C1-2 rotational dysfunction in patients with cervicogenic

headache with a cut-off of 32� or less and a mean of 20� (Ogince

et al., 2007). The CFRT has also been found to have high sensi-

tivity and specificity for inter-tester reliability and diagnostic val-

idity among highly trained and novice therapists (Hall et al., 2008).

Although not universally accepted, a recent Delphi study reported a

high utility for using the CFRT to differentiate between cervicogenic

and other causes of dizziness after a sports-related concussion

(Reneker et al., 2015). Conversely, a study by Quek et al. indicated

that despite postural asymmetry in patients with neck pain and a

positive CFRT, differences in postural sway velocity, gait speed and

neck pain intensity were negligible among patients with a positive

and negative CFRT (Quek et al., 2013). The authors stated that those

with a positive CFRT “seemed to have compensated for their altered

somatosensory input to achieve similar functional levels” as those

with a negative CFRT (Quek et al., 2013). Thus, while the cervical

spine has a role in maintenance of upright posture, perhaps its

mobility shouldn't be used as a stand-alone test for diagnosing

cervicogenic dizziness.

Additionally, vibration testing has been suggested as a test for

cervicogenic dizziness. However, while vibration testing stimulates

local muscles to produce a strong afferent stimulation, it does not

produce familiar symptoms of dizziness. By testing patients

receiving physical therapy for neck pain and dizziness, Karlberg

et al. found that vibration testing directed at the suboccipitals and

gastrocnemius both produced postural sway (Karlberg et al., 1996).

Moreover, suboccipital vibration resulted in postural sway

following physical therapy treatment, despite significant

improvement in cervical pain and dizziness. As such, Karlberg, et al.

highlights the limitation of using vibration for testing for cervico-

genic dizziness (Karlberg et al., 1996). Given that vibration testing

may also be used to identify unilateral vestibular deficits, multiple

other diagnoses are possible (Hamann and Schuster, 1999).

3.4. Signs & symptoms

In the absence of a clear gold standard test for cervicogenic

dizziness, review articles and randomized control trials have relied

on clusters of signs and symptoms to support the diagnosis and

treatment of cervicogenic dizziness (Al-Saif et al., 2012; Bracher

et al., 2000; Galm et al., 1998; Hain, 2015; Huijbregts and Vidal,

2004; Karlberg et al., 1996; L'Heureux-Lebeau et al., 2014; Reid

et al., 2014a, 2015, 2014b). In a recent study, Reid et al. success-

fully screened 81 patients for cervicogenic dizziness that responded

well to manual therapy (i.e. sustained natural apophyseal glides or

passive joint mobilization) using smooth pursuit testing, vestibulo-

ocular reflex testing and a thorough examination of the cervical

spine (Reid et al., 2015). However, the authors failed to consider the

reliability of these tests to identify patients with cervicogenic

dizziness as part of the analysis. It is also perhaps worth noting that

nystagmus production, neck proprioception and manual assess-

ment of the cervical spine are themost common elements of cluster

testing for cervicogenic dizziness. However, none of the tests are

intended to, nor consistently reproduce, the familiar symptoms

clinically (Hain, 2015; Kristjansson and Treleaven, 2009; Reid et al.,

2012; Reneker et al., 2015; Vidal, 2005;Wipperman, 2014; Yacovino

and Hain, 2013). Thus, in addition to the suggested clusters, a valid

test that is able to reliably reproduce the signs and symptoms

associated with cervicogenic dizziness is required (Al-Saif et al.,

2012; Bracher et al., 2000; Galm et al., 1998; Hain, 2015;

Huijbregts and Vidal, 2004; Karlberg et al., 1996; L'Heureux-

Lebeau et al., 2014; Reid et al., 2014a, 2015; Reid and Rivett,

2005; Reid et al., 2014b).

4. Dry needling as a test for cervicogenic dizziness

Based on the etiology of the condition, a number of studies in

the literature have recommended that the upper cervical spine be

evaluated as part of a battery of tests to diagnose cervicogenic

dizziness (Dai, 1998; Heidenreich et al., 2008; Kristjansson and

Treleaven, 2009; Reneker et al., 2015). As such, the palpation of

superficial muscles of the upper neck and the insertion of dry

needles into the deep suboccipital muscles in an effort to provoke

familiar symptoms may be appropriate.

Dry needling is an intervention whereby thin, monofilament

needles are used to penetrate the skin and stimulate underlying

neural, muscular and/or connective tissues for the management of

pain and disability associated with neuromusculoskeletal condi-

tions. (Butts et al., 2016; Casanueva et al., 2014; Dunning et al.,

2014; Lewit, 1979; Neal and Longbottom, 2012; Pavkovich, 2015;

Perreault et al., 2017). Dry needles may also be inserted in the vi-

cinity of peripheral nerves and/or neurovascular bundles in order to

manage a variety of related pain syndromes (Dunning et al., 2014).

The optimal duration of needle insertion has not been investigated

for cervicogenic dizziness; 10e20min of needle time in-situ has

been found to be optimal in the primary author's experience with

this population. In general, RCTs from the acupuncture literature

achieve better analgesia by adding electricity than by brief or

intermittent manual stimulation alone (Langevin et al., 2015).

DN has been shown to have biomechanical (Dommerholt, 2011;

Goldman et al., 2013; Langevin et al., 2001; Takano et al., 2012),

chemical (Shah et al., 2008; Shah and Gilliams, 2008), and vascular

effects (Loaiza et al., 2002; Lundeberg, 2013; Yao et al., 2014; Zhang

et al., 2012c) at the site of insertion (Butts et al., 2016). The use of

DN locally may be able to elicit a localized twitch response to clear

excessive acetylcholine (ACh) from the neuromuscular junction and

breaking the cycle of hypertonicity associated with myofascial

trigger points (MTrPs) (Hsieh et al., 2011; Kuan et al., 2007; Shah

and Gilliams, 2008). In addition, DN may lead to opioid-based re-

ductions in pain peripherally (Su et al., 2011; Zhang et al., 2010,

2014b), via the stimulation of endogenous cannabinoids (Chen

et al., 2009) and sympathetic nervous system (Binder et al., 2004;

Song et al., 2014; Zhang et al., 2014a). Local needle mechano-

transduction via TRPV1 receptors also facilitates ATP release and

the subsequent production of adenosine, which blocks pain trans-

mission via the inhibition of adenyl cyclase (Delmas et al., 2011;

Goldman et al., 2010; Wu et al., 2014). In addition, the mechano-

transduction of TRPV1 receptors has also been linked to rho-kinase

based tissue remodeling (Almeida Mdos et al., 2014; Langevin et al.,
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2006). At the level of the spine, the stimulation of Ad, Ab, and C

fibers via DN initiates a cascade of events, which inhibit the de-

livery and receipt of pain information to dorsal horn via additive

effects of opioids (Besse et al., 1990; Sluka et al., 2002) (i.e. ence-

phalin, endorphins and dynorphins) and non-opioids (Salazar-

Colocho et al., 2007; Stone et al., 1999; Zhang et al., 2012b) (i.e.

serotonin, norepinephrine, GABA, glycine and nociceptin/orphanin

FQ). As for the changes that occur in the brain, DNwith and without

electric stimulation seems to result in the general reduction in the

activity of the parts of the brain responsible for the affective com-

ponents of pain, suggesting that the modality might have an effect

on both physiologic pain and the psychosocial components of pain

(Zhang et al., 2011, 2012a).

It is perhaps somewhat ironic that DN stimulates Ad, Ab, and C

pain fibers to treat pain. The stimulation of nociceptive fibers with

an acupuncture needle often results in what patients describe as a

mild discomfort, a deep ache or spreading warmth. This is more

commonly referred to as a “de qi” response in the literature and is

often considered a crucial parameter in needling patients for pain

(Kong et al., 2007; Zhou and Benharash, 2014). In cases of cervi-

cogenic dizziness, the use of DN may initially be diagnostically

relevant, as the use of DN may be able to compound the aberrant

information being sent from the trigeminocervical nucleus to the

vestibular nuclei (Reid and Rivett, 2005). Ultimately, however, the

analgesic outcome may be able to significantly decrease pain,

reduce pain inhibition in the suboccipital muscles and reset the

proprioceptive system of the upper neck, improving and/or curing

the cervicogenic dizziness.

Due to the prevalence of neck pain and trigger points in WAD,

the use of DN has been explored in several RCTs (Boyles et al., 2015;

Cagnie et al., 2015; Ettlin et al., 2008; Fern�andez-P�erez et al., 2012;

Kietrys et al., 2013; Liu et al., 2015; Moon et al., 2014; Ong and

Claydon, 2014; Tobbackx et al., 2013). In contrast, the use of DN

to diagnose and treat symptoms related to cervicogenic dizziness

has been infrequently investigated, though treatment of upper

cervical soft tissue with needle therapy for dizziness is not without

precedent. Fattori et al., inserted needles into the upper cervical

muscles at acupoints BL10 and BL20 (i.e. rectus capitis posterior

major and proximal obliquus capitis superior/semispinalis capitis

muscle, respectively) to improve balance via posturography in pa-

tients with a history of WAD (Fattori et al., 1996). Another study by

Heikkila et al. combined acupuncture with spinal manipulation in

patients with dizziness of suspected cervical origin (Heikkila et al.,

2000). Though thrust manipulation had the greatest effect on

complaints of dizziness and range of motion, acupuncture was also

useful for improving dizziness/vertigo and active head reposition-

ing. Notably, Ghilardi, et al., reported that “cervical torsion trauma

and balance disorders with cervical origin in general, such as those

connected with pronounced antalgic contracture of the nape

muscles due to cervical arthrosis, are the conditions which

responded best to acupuncture. In fact, other groups of patients

suffering from vertigo of other natures did not respond so well”

(Ghilardi et al., 2014).

Clinically, needle insertion into the OCI, rectus capitis posterior

major, or rectus capitis posterior minor with the patient in prone or

side lying often reproduces familiar symptoms in patients with

cervicogenic dizziness. After leaving the needle in situ for

10e20min (per literature recommendations) (Dunning et al.,

2014), the familiar symptoms of dizziness often resolve. Impor-

tantly, these clinical outcomes are consistent with the diagnostic

criteria for cervicogenic headaches in which a 90% or greater

reduction in symptoms from a diagnostic blockade is considered a

positive test for the pathology (Ducros et al., 2013). Additionally,

identification of local problematic muscles that reproduce symp-

toms associated with cervicogenic dizziness during DN is useful in

determining an appropriate rehabilitation strategy. To illustrate the

application of DN as a diagnostic test and treatment tool, a case

series was conducted on 3 patients with cervicogenic dizziness.

5. Case descriptions

Three patients reported to an outpatient physical therapy clinic

due to a primary complaint of dizziness. All subjects (3 female) ages

36, 89, and 74 were screened for conditions related to balance

dysfunction, including testing for Benign Paroxysmal Positional

Vertigo (BPPV), cranial nerve testing, myotome testing, dermatome

testing, deep tendon reflexes, blood pressure measurements, and

“red flag” symptoms. Notably, each patient reported a history of

cervical pathology.

Subjectively, all patients described their dizziness as a sensation

of light-headedness with certain head movements but not the

sensation of intense spinning often associated with BPPV. In addi-

tion, patients did not report that changes in body position (i.e.

transfers from sitting to standing after prolonged lying) provoked

symptoms of dizziness, as in orthostatic hypotension. Blood pressure

testing was also normal. Testing for BPPV with the Dix-Hallpike test

was negative in all cases. None of the patients noted a recent history

of illness suggestive of a viral source of symptoms. Moreover, cranial

nerve testing did not produce signs of central nervous system pa-

thology, and myotome/dermatome testing was unremarkable.

Further objective examination focused on the musculoskeletal

system to determine the appropriateness for physical therapy

management. Cervical assessment in the form of range of motion

testing, mobility testing, and/or performance of the flexion-

rotation test yielded abnormal findings in all three patients.

Abnormal measurements included limited gross cervical ROM in

one or more areas, limited mobility with upper cervical motion

assessment, and limited or painful motion compared to the

contralateral side in the flexion-rotation test. Additionally, palpa-

tion of the OCImuscle of the three patients produced localized pain,

but not dizziness, on at least one side of the neck. It is worth noting

that both the SPNTT and JPE tests were not used in these cases at

the time of treatment. The utility of the tests in diagnosis were

unknown to the primary author, and have since been adapted in

clinical practice due to the collective evidence previously described.

6. Dry needling procedure

In an effort to more formally implicate the OCI muscle as the

possible culprit of the patient's dizziness, a dry needle was directed

towards the muscle in an effort to provoke the symptoms. The

patients were placed in either a prone or side lying position so as to

allow access to the suboccipital muscles and maintain a neutral

position of the cervical spine. The area of the suboccipitals was

cleansed using a 70% isopropyl alcohol pad prior to needling pro-

cedure. Seirin 0.25mm� 30mm needles were used.

The OCI muscle was identified via its proximal and distal at-

tachments on the spinous process of the C2 vertebra and the

transverse process of the ipsilateral C1 vertebra. The needle was

inserted midway between the levels of the C1 and C2 segments

approximately 2 of the patient's fingerbreadths lateral to midline

with an anteriomedial (~45�) and slightly caudad angulation until a

bony end-feel of the lamina of C2 was achieved (See Fig. 2). The

needle was then rotated unidirectionally and/or bidirectionally in

an attempt to elicit a deep ache in the region of the OCI muscle. In

accordance with the relevant literature, needles were left in situ for

10min (Dunning et al., 2014).
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7. Results

DN directed at the OCI in each of the three patients produced a

familiar sensation of dizziness. In addition, 2 patients had a com-

plete resolution of dizziness complaints either immediately

following treatment or by the follow-up visit 2-days later. In the 89-

year old patient, the Dizziness Handicap Inventory (DHI) improved

from 54 to 20, and the Berg Balance score improved from 37 points

to 44 points. This was significant as the patient improved her DHI

rating from Severe Handicap to Mild Handicap while meeting an

MDC of 17.18 and MCID of 18 (Yorke et al., 2013). The patient also

improved her Berg Balance score by a MDC of 5 points (Donoghue

and Stokes, 2009). When the patient was reassessed 6-months

post-treatment, she again reported a DHI score of 18, demon-

strating maintenance of the treatment effect.

Similar objective improvements were reported by the 74-year

old patient, whose initial measures included a Sensory Organiza-

tion Performance Test time of 11 s with eyes closed (EC) on a firm

surface, 8 s with EC on foam, an inability to perform a tandem

stance position with either leg forward and a DHI of 40. During her

follow-up visit, the patient improved her performance on the

aforementioned components of the Sensory Organization Perfor-

mance Test to 30 s. Interestingly, however, active and passive

mobility of the cervical spine did not change. When re-evaluated 6

months post-treatment, the patient reported a DHI score of 0.

Importantly, although DN did not fully resolve the dizziness in

the 36-year-old patient, the treatment was still useful. The use of

DN implicated the cervical spine musculature as a possible

component of the patient's dizziness, which led to appropriate

treatment strategies. In addition to traditional vestibular and bal-

ance rehabilitation, the patient also received skilled manual ther-

apy & exercise targeting the cervical spine. As a side, the 36-year

old patient subjectively reported a resolution of her oscillopsia

complaints and an improvement on the Dynamic Visual Acuity test

following DN. Also, while her initial DHI score was 26, she reported

a DHI of 4, 6-months post-treatment.

8. Recommendations

The diagnosis of cervicogenic dizziness is often considered a

diagnosis of exclusion due to the absence of a gold standard and the

lack of valid and reliable diagnostic tests. Many tests suggest that

various systems, including the musculoskeletal structures of the

neck, are involved in the dizzy patient; however, clinicians often

have difficulty provoking the familiar symptoms of dizziness. Based

on the literature discussed in this article regarding diagnostic

testing for cervicogenic dizziness and the findings of the above case

studies, dry needling may be a valuable tool for therapists who

diagnose and treat dizziness. Dry needles inserted into the sub-

occipitals, particularly the OCI, may be used to produce familiar

symptoms and should therefore be included as part of the previ-

ously described cluster testing (Al-Saif et al., 2012; L'Heureux-

Lebeau et al., 2014; Reid et al., 2015) for cervicogenic dizziness.

Though the cases described exclusively used the OCI muscle to

produce symptoms, anecdotal experience suggests that the rectus

capitis posterior major and the rectus capitis posterior minor may

also need to be addressed after inserting dry needles into the OCI if

there is no symptom reproduction at this muscle.

Physical therapists should continue to screen patients that

report dizziness for vestibular pathology, central nervous system

dysfunction and cardiovascular issues. However, clinicians should

also note a history of cervical dysfunction and a subjective report of

“lightheadedness” and/or “drunkenness” which seems to correlate

with movements of the neck.

Objectively, clinicians should first considermobility screening of

the cervical spine with inclusion of the Cervical Flexion-Rotation

test, then assess the Joint Position Error test and the Smooth Pur-

suit Neck Torsion Test. In addition, clinicians should attempt to

insert dry needles into the suboccipital muscles in an effort to

reproduce familiar symptoms. While one test likely has limited

Fig. 2. Needle placement to target the OCI.

Fig. 3. Dizziness handicap inventory score for patients 1e3 at pre-treatment, post-treatment and 6-months post-treatment.

J. Escaloni et al. / Journal of Bodywork & Movement Therapies xxx (2018) 1e96

Please cite this article in press as: Escaloni, J., et al., The use of dry needling as a diagnostic tool and clinical treatment for cervicogenic dizziness:
a narrative review & case series, Journal of Bodywork & Movement Therapies (2018), https://doi.org/10.1016/j.jbmt.2018.02.015



diagnostic value, clustering the tests together will likely lead to

optimal diagnostic utility. Also, given that DNmay be used as both a

diagnostic tool and a treatment strategy, it should likely be used

last to test for cervicogenic dizziness. While the optimal duration of

needle insertion has not been investigated for cervicogenic dizzi-

ness, 10e20min of needle time in-situ has been found to be

optimal in the primary author's experience with this population. At

a minimum, the sum of this information should be sufficient to

allow the treating therapist to know if the cervical spine is either

the primary source or a significant component of the patient's

symptoms.

The 3 patients described in the case series received DN as a

portion of a cluster of tests to help determine a diagnosis of cer-

vicogenic dizziness. The strong, afferent stimulation that occurred

from the local muscle stimulation during DN was an important test

to determine if the suspected tissue was involved in the patient's

dizziness. The hypertonic muscle likely resulted in increased

aberrant feedback to the central nervous system, which contrasted

with other upright positional afferents from the ocular and

vestibular systems, adding to and/or reproducing the patient's

dizziness. Ultimately, however, all 3 patients reported a significant

reduction in their dizziness (see Fig. 3), suggesting that DN with

mechanical stimulation may have disrupted the aberrant feedback

and helped reset the proprioceptive system. Given the absence of a

“gold standard”, DNmay, therefore, be a useful tool in the diagnosis

and treatment of cervicogenic dizziness.

9. Conclusion

DNmay provide a valuable tool for both diagnosing and treating

cervicogenic dizziness, especially when used as part of a cluster of

other special tests such as the flexion-rotation test, joint position

error test and smooth pursuit neck torsion test. However, more

robust studies are required to fully realize the clinical utility of DN

in patients with cervicogenic dizziness.
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