
Dry needling as a novel intervention for cervicogenic somatosensory tinnitus: a 
case study
Aaron Womack PT, FAAOMPTa,b, Raymond Butts DPT, PhD, MScb,c, and James Dunning DPT, PhD, MSc, FAAOMPTb,d

aAlliance Health Midwest Rehabilitation, Midwest City, OK, USA; bAmerican Academy of Manipulative Therapy, Montgomery, AL, USA; 
cResearch Physical Therapy Specialists, Columbia, SC, USA; dMontgomery Osteopractic Physiotherapy and Acupuncture Clinic, Montgomery, 
AL, USA

ABSTRACT
Tinnitus is defined as conscious perception of sound in the absence of a corresponding external 
stimulus. A condition that affects 10 − 15% of the adult population, tinnitus may be caused by an 
interaction between the somatosensory and auditory system, more formally known as somatosen
sory tinnitus. Cervicogenic somatosensory tinnitus is a subgroup of somatosensory tinnitus invol
ving anatomical structures and physiological mechanisms associated with the cervical spine. 
A limited number of studies have reported inconsistent outcomes for treating cervicogenic soma
tosensory tinnitus with conservative treatment strategies such as manual therapy and exercise. 
However, dry needling is a skilled, manual therapy intervention that has recently gained popularity 
among the physical therapy profession that may be useful for both evaluating and treating the 
condition. The following case report describes the use of dry needling to evaluate and treat 
a patient with cervical somatosensory tinnitus and concurrent cervicogenic headaches. Physical 
therapy that targeted the muscles of the upper cervical spine with dry needling resulted in 
a meaningful reduction in cervicogenic somatosensory tinnitus, and the improvements persisted 
at 1-year follow-up. Further research, including randomized control trials, is warranted to fully 
determine the potential of dry needling to treat cervicogenic somatosensory tinnitus.

ARTICLE HISTORY 
Received 1 September 2019  
Revised 1 July 2020  
Accepted 17 August 2020 

KEYWORDS 
Cervicogenic tinnitus; 
somatosensory tinnitus; 
cervicogenic headache; dry 
needling

Introduction

Tinnitus is “the conscious perception of an auditory 
sensation in the absence of a corresponding external 
stimulus” (Baguley, McFerran, and Hall, 2013). 
A condition that affects between 10 and 15% of the 
adult population, tinnitus can be classified as either 
subjective or objective (Baguley, McFerran, and Hall, 
2013). In subjective tinnitus, only the affected individual 
can hear the auditory sensations (Baguley, McFerran, 
and Hall, 2013). In contrast, both the affected individual 
and outside observers can hear auditory sensations sec
ondary to objective tinnitus (Baguley, McFerran, and 
Hall, 2013). For the purpose of this study, only subjec
tive tinnitus will be considered.

Subjective tinnitus may be due to multiple pathophy
siological causes, including otological, orofacial, neuro
logical, cardiovascular, pharmacological, and 
psychological issues, which may alter the spontaneous 
firing rate and neural synchrony of central auditory 
neurons, potentially causing neuroplastic adaptation 
(Baguley, McFerran, and Hall, 2013; Levine and Oron, 
2015). Somatosensory tinnitus (ST) is a subgroup of 
subjective tinnitus that may be due to the interaction 

of the somatosensory and auditory system (Levine, 
1999). Both primary and secondary somatic sensory 
neurons of the head, neck, face, arms, and trunk interact 
with the auditory system by providing afferent informa
tion to the cochlear nucleus (Shore, Zhou, and Koehler, 
2007). More specifically, the cochlear nucleus receives 
primary projections from the C2 dorsal root ganglion 
(DRG) and the ophthalmic and mandibular centers of 
the trigeminal ganglion (TG) (Shore, Zhou, and Koehler, 
2007; Zhan, Pongstaporn, and Ryugo, 2006). The 
cochlear nerve and the inferior colliculus also receive 
secondary projections from the spinal aspect of the 
trigeminal nucleus and from the nuclei of the dorsal 
column medial lemniscus pathway (Shore, Zhou, and 
Koehler, 2007; Zhou and Shore, 2004). Therefore, the 
added stimulation of the cochlear nucleus and/or infer
ior colliculus by the trigeminal nucleus, the dorsal root 
ganglia and/or the dorsal column could potentially alter 
the firing rates, leading to spontaneous neural activity 
from “non-sound driven” sources, thereby increasing 
the perceived loudness (or intensity) of sounds (Levine, 
1999; Shore, Zhou, and Koehler, 2007). Furthermore, 
neural synchrony could account for changes in pitch 
associated with ST (Shore, Zhou, and Koehler, 2007).
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According to Sanchez and Rocha (2011), ST is clini
cally relevant when a patient presents with at least one of 
the following occurrences prior to the onset of tinni
tus: 1) history of head or neck trauma; 2) tinnitus asso
ciated with some manipulation of the teeth, jaw or 
cervical spine, including digital pressure of myofascial 
trigger points and/or active movement of the neck, 
shoulder or mandible; 3) recurrent pain episodes in 
head, neck or shoulder girdle; 4) temporal coincidence 
of appearance or increase of both pain and tinnitus; 5) 
increase of tinnitus during inadequate postures during 
rest, walking, working or sleeping; and 6) intense brux
ism periods during the day or night.

Cervicogenic somatosensory tinnitus (CST) is 
a subgroup of ST involving anatomical structures and 
physiological mechanisms of the cervical region 
(Oostendorp et al., 2016a). Oostendorp et al. (2016a) 
further reported clinical criteria specifically related to 
the diagnosis of CST, which include: 1) neck pain; 2) 
impairment of cervical active range of motion (AROM), 
preferably rotation; 3) modulation of tinnitus by head 
and neck movements and/or posture; and 4) tenderness 
of cervical-occipital muscles. Notably, some of these 
criteria overlap with the diagnostic criteria for cervico
genic headache (CH) and/or cervicogenic dizziness 
(Oostendorp et al., 2016a).

Physical therapy has been considered as an interven
tion for CST in only a limited number of studies 
(Latifpour, Grenner, and Sjodahl, 2009; Michiels et al., 
2016; Oostendorp et al., 2016a; Sanchez and Rocha, 
2011). Latifpour, Grenner, and Sjodahl (2009) reported 
a greater improvement in tinnitus loudness after appli
cation of stretching, posture exercises, and acupuncture 
compared to controls. Sanchez and Rocha (2011) also 
reviewed five case reports in which cervical spine mobi
lizations and stretching of suboccipital muscles 
decreased the intensity of the tinnitus in five patients. 
Michiels et al. (2016) reported that multimodal physical 
therapy targeting the cervical spine improved symptoms 
of subjective tinnitus. Oostendorp et al. (2016a) further 
recommended a combined approach consisting of phy
sical therapy and patient-based tinnitus education for 
subjective tinnitus and tinnitus-related sensitization.

A number of studies have also used acupuncture to 
reduce symptoms related to tinnitus (Doi et al., 2016; 
Low et al., 2017; Marks, Emery, and Onisiphorou, 1984; 
Okada et al., 2006). Doi et al. (2016) reported significant 
reductions in sound intensity and improvements in 
function in patients with tinnitus following 10 sessions 
(40-minute treatments twice per week over 5 weeks) of 
electroacupuncture compared to patients receiving no 
treatment. While Low et al. (2017) did not find that 
electroacupuncture was beneficial in treating patients 

with somatic vs. non-somatic tinnitus, patients in the 
somatic tinnitus group that reported symptom modula
tion with forceful muscle contraction maneuvers 
demonstrated a favorable response to the treatment. 
Notably, these studies (Doi et al., 2016; Low et al., 
2017; Marks, Emery, and Onisiphorou, 1984; Okada 
et al., 2006) focused on traditional acupuncture points 
associated with tinnitus primarily in the periauricular 
region.

Dry needling (DN) is a procedure using thin filiform 
needles to penetrate the skin that has gained popularity 
among Western-based health care practitioners (i.e. 
physicians, osteopaths, chiropractors, and physical 
therapists) over the last 10 years for the treatment of 
neuromusculoskeletal conditions (Dunning et al., 2014). 
However, while the terminology, philosophy, and theo
retical constructs differ between Western-based DN and 
traditional Chinese acupuncture, the procedure of 
inserting monofilaments into the body is essentially the 
same (Dunning et al., 2014). To date, no specific studies 
related to the effect of DN on CST have been published. 
From the authors’ knowledge this is the first case report 
that describes the use of DN to evaluate and treat this 
patient population.

Case description

History

A 41-year old female was referred to physical therapy by 
her neurologist with a diagnosis of occipital neuralgia. 
She presented to the clinic with complaints of head
aches, cervical pain and tinnitus. The headache pain 
was located in the occipital region. While the symptoms 
in the cervical spine spanned from C1-C7, the patient 
reported the worst pain in the suboccipital region, which 
she rated as 10/10 per numeric pain rating scale (NPRS) 
(Farrar et al., 2001). Moreover, the head and neck pain 
were accompanied by 10/10 tinnitus, bilaterally, per 
numeric rating scale (NRS) (Landgrebe et al., 2012).

The patient reported having recurrent headaches for 
more than 20 years, which seemed to worsen following 
multiple motor vehicle accidents (MVA). She was diag
nosed with occipital neuralgia nine years earlier by 
a neurologist. Around the same time, she noted an 
insidious onset of symptoms consistent with CST that 
would intermittently accompany her headaches. The 
headaches and tinnitus presented bilaterally, but the 
intensity of the symptoms was greater on the right 
side. At the time of onset, she underwent a hearing 
evaluation that revealed a 10% bilateral loss of hearing. 
While the ringing in the ears slowly decreased over a six- 
month time period, the patient continued with 
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intermittent bouts of tinnitus after loud concerts, 
increased stress, concurrent headaches, and prolonged 
sitting postures (e.g. driving).

The patient underwent cervical nerve blocks and 
radiofrequency nerve ablations for her headaches but 
could not recall the specific spinal levels that were tar
geted. While the ablations seemed to provide relief, the 
decreased headache intensity lasted for only six months 
following each treatment. At the time of the clinical 
assessment reported in this article, the patient had not 
undergone nerve blocks or ablations during the 
past year. The patient also reported temporary relief 
from her headache and tinnitus after hot baths, ice 
packs, and rest. Nevertheless, the patient noted 
a significant worsening in her headache and tinnitus 
symptoms over the last 6 months. Additionally, the 
CST limited her ability to participate in conversations 
and attend her daughter’s swimming practices due to the 
unique acoustics of the room. At the time of the clinical 
assessment, her tinnitus varied from 7/10 to 10/10 per 
NRS, bilaterally. While the NRS is been widely used to 
rate tinnitus symptoms, it has not been systematically 
validated for use in this patient population (Landgrebe 
et al., 2012). The patient scored a 60/100 on the Tinnitus 
Handicap Inventory (THI), a valid (Newman, Jacobson, 
and Spitzer, 1996) and reliable (Newman, Jacobson, and 
Spitzer, 1996; Newman, Sandridge, and Jacobson, 1998) 
outcome measure for tinnitus that has been used in 
multiple trials (Langguth et al., 2007). She also scored 
a 36/50 on the Neck Disability Index (NDI), which is the 
most common outcome measure for cervical pain 
(MacDermid et al., 2009) and has been shown to be 
a valid and reliable measure for CH (Young et al., 2019).

The patient was a nonsmoker and denied any history 
of cardiovascular disease, diabetes, hypertension, high 
cholesterol, osteoporosis, rheumatoid arthritis, cancer or 
significant surgeries. However, she was taking 
Wellbutrin for depression. At the time of her physical 
therapy treatment, she was not employed.

Clinical findings

The physical examination (PE) was conducted by 
a physical therapist with 20 years of experience, certified 
in spinal manipulation and dry needling. Additionally, 
the therapist was a fellow-in-training in an accredited 
manual physical therapy fellowship program. The 
patient demonstrated full cervical AROM, and cervical 
myotome, dermatome, and cranial nerve screening were 
negative. While palpation of the cervical paraspinals, 
upper trapezius, splenius capitis, semispinalis capitis, 
obliquus capitis superior, obliquus capitis inferior, rec
tus capitis posterior major and rectus capitis posterior 

minor muscles seemed to provoke the patient’s head
ache and tinnitus, the sternocleidomastoid, masseter, 
temporalis, and frontalis muscles did not. Additionally, 
she did not present with temporomandibular joint pain 
or increased tinnitus with active jaw movement. The 
patient reported occasional, diffuse pain in the posterior 
occipital region, but she was not tender to palpation in 
that region during the PE. Although the patient pre
sented with lower cervical and upper thoracic pain, 
palpation and passive joint mobility testing of the 
lower cervical and upper thoracic region had no effect 
on her headache or tinnitus symptoms.

Diagnostic Assessment

Importantly, the patient presented with five out of six 
symptoms of ST (Sanchez and Rocha, 2011), includ
ing: 1) history of head or neck trauma secondary to 
multiple MVAs; 2) tinnitus associated with some manip
ulation of the teeth, jaw or cervical spine, including 
digital pressure of myofascial trigger points and/or 
active movement of the neck, shoulder or mandible; 3) 
recurrent pain episodes in head, neck or shoulder gir
dle; 4) temporal coincidence of appearance or increase 
of both pain and tinnitus; and 5) increase of tinnitus 
during inadequate postures during rest, walking, work
ing or sleeping. The only symptom not present was 
intense bruxism periods during the day or night. 
Additionally, she presented with three out of four symp
toms indicative of CST (Oostendorp et al., 2016b), 
including: 1) neck pain; 2) modulation of tinnitus by 
head and neck movements and/or posture; and 3) ten
derness of cervical-occipital muscles. She did not present 
with limited cervical AROM.

Therapeutic interventions

At the initial evaluation, the patient was unable to tol
erate cervical mobilization. However, she did benefit 
from a high velocity low amplitude (HVLA) thrust 
manipulation targeting the upper thoracic spine, as it 
alleviated some general lower cervical pain. While thor
acic manipulations were provided during all subsequent 
visits to alleviate thoracic and lower cervical pain, man
ual techniques targeting the thoracic spine did not evoke 
an immediate change of the patient’s headache or tinni
tus symptoms. During the 2nd treatment, which was two 
days after the initial evaluation, the patient was able 
tolerate DN of the upper trapezius, splenius capitis, 
semispinalis capitis, obliquus capitis superior, obliquus 
capitis inferior, rectus capitis posterior major and rectus 
capitis posterior minor muscles, bilaterally. Seiren nee
dles (0.25 mm gauge) were inserted and left in situ for 
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20 minutes. Needles were inserted for 20 minutes and 
manually stimulated every 3–4 minutes via unidirec
tional winding to elicit familiar tinnitus symptoms. 
While needle insertion and stimulation initially pro
voked the patient’s headache and tinnitus symptoms, 
she reported an immediate decrease in symptoms 
related to tinnitus from 7/10 to 3/10 on the right side 
and 7/10 to 0/10 on the left side upon removal. 
Additionally, she noted an improvement in her head
ache pain from a 4/10 to a 0/10.

Dry needling was applied during all treatment ses
sions with minimal variation of location with one excep
tion. During the 4th treatment, which took place eight 
days after the initial clinical assessment, the patient 
reported no headache or tinnitus symptoms. However, 
she experienced a headache 24-hours earlier and 
requested treatment to address the occipital region. In 
addition to an upper cervical HVLA thrust manipula
tion, targeting the C1-C2 facet joints, she received dry 
needling to the sensitive portion of the occipitalis mus
cle. Needles were left in situ for 20 minutes with manual 
stimulation (i.e. unidirectional winding) every 
3–4 minutes. Although the patient reported reduced 
tinnitus symptoms, she did not note an improvement 
in intermittent headache symptoms following the 
treatment.

As a result, treatments 7–9 included dry needling of 
the same cervical musculature as previously described 
with the addition of electrical stimulation, consistent 
with the literature on tension type, migraine and cervi
cogenic headaches (Hao, Xue, Dong, and Zheng, 2013; 
Ishiyama et al., 2018; Zhang, Liu, and Jiang, 2014). 
Needles were stimulated at 3–10 Hz frequency and 250 
microseconds phase duration via a sweep setting. The 
addition of electrical stimulation resulted in a significant 
reduction in headaches and symptoms related to 
tinnitus.

Given the patient’s concerns about health-care insur
ance end-of-year deductibles, she elected to undergo 
spinal nerve root blocks (SNRB) for spinal nerves C2- 
C7, bilaterally, 24 hours after the 9th physical therapy 
treatment. While her tinnitus and headache symptoms 
significantly increased following the SNRB procedure, 
all symptoms returned to pre-SNRB levels 8-days later. 
The patient received one additional treatment of DN 
with electrical stimulation. Afterward, the patient 
reported a complete resolution of her headaches and 
tinnitus, bilaterally, which continued over the next 
3 weeks. As a result, she was discharged from PT.

It is worth noting that cervical manipulation and 
cervical exercises (Jull et al., 2002) were also performed 
on treatment six (33-days post evaluation) and seven 
(43-days post evaluation), respectively, secondary to 

the patient’s report of headaches. However, neither 
treatment improved the patient’s headaches, and they 
were, therefore, discontinued. A complete list of physical 
therapy interventions and the patient’s symptoms before 
and after each treatment is listed in Table 1.

Follow-up and outcomes

A 10-point NRS for tinnitus was used to qualify tinnitus 
symptoms and headache pain, and the THI were used to 
measure changes in function. While the NRS for has not 
been validated for tinnitus in this patient population, it is 
widely used throughout the literature (Landgrebe et al., 
2012). The patient subjectively reported consistent within- 
treatment improvements via the NRS. While she reported 
10/10 tinnitus symptoms per NRS, bilaterally, during eva
luation, she noted 0/10 symptoms, bilaterally, at discharge 
(Figures 3 and 4). The scores for the THI were as follows: 
baseline: 60/100; six weeks: 26/100; nine weeks: 24/100; and 
thirteen weeks: 4/100. While there is not currently an 
established minimal clinically important difference 
(MCID) on the THI for somatosensory tinnitus, the patient 
subjectively reported a meaningful change at all time- 
points post-evaluation (Figure 1).

While the focus of this article was CST, the interven
tion was altered because the patient’s headaches and NDI 
score did not change at Week-6 compared to baseline. As 
such, the patient’s NDI scores were also included as part 
of this case report (Figure 2). Notably, the patient’s head
aches and NDI score improved at Week-9 (24/50) and 
Week −13 (18/50) only after electric dry needling. The 
MCID for the NDI in relation to headaches has been 
suggested to be 5.5 to 7.5 points (Young et al., 2019).

At 12-months, the patient subjectively reported 
a significant reduction in symptoms related to CST and 
CH. The THI and NDI scores were 30/100 and 17/50, 
respectively (Figures 1 and 2, respectively). She also noted 
0/10 sub-occipital/head pain per NPRS and intermittent 
tinnitus symptoms (0–4/10 per NRS), bilaterally. 
Specifically, she experienced short bouts of tinnitus following 
concerts, but the symptoms quickly resolved after the event. 
While the patient did undergo a single unspecified cervical 
nerve ablation approximately 1-month after discharge from 
physical therapy as a prophylactic treatment for headaches, 
the ablation did not affect her tinnitus symptoms.

Discussion

The purpose of this report was to determine the effects 
of a physical therapy intervention, which included DN, 
on a patient that presented with symptoms consistent 
with CST. The patient reported a significant change in 
THI scores from the initial visit to week six with no 
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significant change from week six to week nine. However, 
the patient further reported consistent reductions in her 
tinnitus symptoms per NRS. At week nine, electrical 
stimulation with DN was added to address her headache 
symptoms, and the patient continued to report improve
ments in her tinnitus and headache symptoms, there
after. Importantly, the patient continued to note 
meaningful improvements in her tinnitus per THI and 
NRS as well as headaches per NDI at the 12-month 
follow-up (Figure 1–4).

Given that the underlying proposed criteria for deter
mining both CST and CH are similar (Oostendorp et al., 
2016b), it is worth noting the timeline of the patient’s 
recovery. While the patient reported a significant reduc
tion in symptoms related to CST after the second treat
ment, her headaches did not significantly improve per 
her NDI score until electrical stimulation was added to 
the dry needling protocol. The manual stimulation of 
the needles appeared to be more effective for symptoms 
related to CST, while the addition of electrical 

Table 1. Summary of Interventions and Outcomes.

Number Days

Thoracic 
Spinal 

Manipulation

Cervical 
Spinal 

Manipulation Dry Needling
Cervical 

Exercises
Tinnitus 

(NRS) pre
Tinnitus 

(NRS) post
Headaches 
(NRS) pre

Headaches 
(NRS) post

Evaluation/ 
Treatment 
1

0 X No treatment provided 10/10 Right, 
10/10 
Left

10/10 Right, 
10/10 
Left

10/10 10/10

Treatment 2 2 X CST DN Protocol: upper trapezius, 
splenius capitis, semispinalis 
capitis, obliquus capitis superior 
and inferior, rectus capitis 
posterior major and rectus capitis 
posterior minor (bilaterally)

7/10 Right, 
7/10 Left

3/10 Right, 
0/10 Left

4/10 0/10

Treatment 3 5 X CST DN Protocol (Bilaterally) 2/10 Right, 
0/10 Left

0/10  
Bilaterally

0/10 0/10

Treatment 4 8 X X Occipitalis with manual stimulation 
(bilaterally)

0/10  
Bilaterally

0/10 
Bilaterally

0/10 0/10

Treatment 5 21 X CST DN Protocol (Right Side Only) 8/10 Right, 
0/10 Left

8/10 Right, 
0/10 Left

5/10 5/10

Treatment 6 33 X X CST DN Protocol (Bilaterally) 0/10 Right, 
0/10 Left

0/10 Right, 
0/10 Left

8/10 8/10

Treatment 7 43 X CST DN Protocol (Bilaterally) with 
Electrical Stimulation

X 6/10 Right, 
0/10 Left

1–2/10 
Right, 0/ 
10 left

6/10 0/10

Treatment 8 47 X CST DN Protocol (Bilaterally) with 
Electrical Stimulation

0/10 
Bilaterally

1–2/10 
Right, 0/ 
10 left

5/10 0/10

Treatment 9 54 X CST DN Protocol (Bilaterally) with 
Electrical Stimulation

0/10 
Bilaterally

0/10 
Bilaterally

0/10 0/10

Spinal Nerve 
Root 
Blocks

55

Treatment 10 63 X CST DN Protocol (Bilaterally) with 
Electrical Stimulation

0/10 
Bilaterally

0/10 
Bilaterally

5/10 0/10

Treatment 11 70 X No treatment 0/10 
Bilaterally

0/10 
Bilaterally

2/10 0/10

Treatment 12 82 X No treatment 0/10 
Bilaterally

0/10 
Bilaterally

0/10 0/10

Figure 1. Tinnitus handicap inventory.
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stimulation appeared to more directly address her head
aches. This may further highlight the differences in 
underlying mechanisms of CST and CH. While there 

may be a physiologic or temporal relationship between 
the presentation CST and CH, a similar, but not iden
tical underlying cervicogenic mechanism may result in 

Figure 3. Numeric rating scale for Pre/Post-DN Right-sided Tinnitus.

Figure 4. Numeric rating scale for Pre/Post-DN Left-sided Tinnitus.

Figure 2. Neck disability index.
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the co-morbid presentation of both conditions. This 
may have clinical implications, as the treatment strate
gies required for each condition may be unique.

The effect of DN on CST may be directly related to 
the effect of mechanotransduction via the dense concen
tration of muscle spindles located in the suboccipital 
muscles (Boyd-Clark, Briggs, and Galea, 2002; 
Kulkarni, Chandy, and Babu, 2001; Liu, Thornell, and 
Pedrosa-Domellöf, 2003), resulting in an alteration of 
afferent somatosensory signaling. This could affect the 
spontaneous neural activity to the cochlear nucleus and/ 
or inferior colliculus from the trigeminocervical nucleus, 
the dorsal root ganglia and/or the dorsal column that has 
been theorized to be the basis for somatosensory tinnitus 
(Levine, 1999; Shore, Zhou, and Koehler, 2007). Kanold 
and Young (2001) reported that direct receptor stimula
tion via structures such as muscle spindles innervated by 
cervical spinal nerve branches resulted in an inhibition 
of somatosensory activity to the dorsal cochlear nucleus.

In contrast, Kanold and Young (2001) further 
reported that cutaneous somatosensory stimulation via 
cervical spinal branches had no effect on somatosensory 
activity to the dorsal cochlear nucleus. This observation 
is consistent with the findings of the present case as the 
patient’s CST improved after deeper, manual needle 
stimulation but did not significantly change with the 
addition of more superficial electrical stimulation.

Additionally, Shore, Zhou, and Koehler (2007) 
reported that nociceptive projections to the cochlear 
nucleus (CN) appear to be lacking. The secondary neu
rons in the anterolateral system that mediate pain and 
temperature have not been reported to project to the 
auditory structures (Shore, Zhou, and Koehler, 2007). 
Furthermore, the CN contains very few nociceptive 
afferents from the spinal trigeminal nucleus (Shore, 
Zhou, and Koehler, 2007) Thus, alteration of somato
sensory signaling, especially through the cervical mus
cles via DN, may be more significant than alteration of 
nociceptive signaling for treatment of CST. This may 
further help explain why the patient in the present case 
reported decreased tinnitus symptoms following manual 
but not electrical needle stimulation.

Interestingly, the patient reported an increase in 
familiar symptoms related to tinnitus with deeper palpa
tion or DN of the muscles of the cervical spine, including 
the upper trapezius, splenius capitis, semispinalis capitis, 
obliquus capitis superior, obliquus capitis inferior, rec
tus capitis posterior major and rectus capitis posterior 
minor muscles, which are all innervated by the C1-4 
spinal nerves (Bogduk, 1982, 2001; Pu, Tang, and 
Yang, 2008). Kanold and Young (2001) reported that 
the C1-8 spinal nerve branches provide somatosensory 
input to the dorsal cochlear nucleus with the C2 

branches being the largest provider. Zhan, 
Pongstaporn, and Ryugo (2006) also reported on the 
importance of C2 somatosensory input into the cochlear 
nucleus. Additionally, these muscles are consistent with 
many of the muscles identified by Bezerra Rocha, 
Sanchez, and Tesseroli de Siqueira (2008) as being asso
ciated with somatosensory tinnitus.

Furthermore, the specific mechanical action of needle 
manipulation via twisting may have had a significant effect. 
The effects of varying techniques of needle manipulation 
have been examined. Langevin, Churchill, and Cipolla 
(2001) and Langevin et al. (2001) found that a greater 
pullout force is required to remove a needle from tissue 
when the needle is wound in one direction compared to 
when it is wound in both directions. Moreover, there was 
a greater pullout force following uni- and bidirectional 
winding compared to needle insertion without manipula
tion (Langevin, Churchill, and Cipolla, 2001; Langevin 
et al., 2001). Importantly, Langevin, Churchill, and 
Cipolla (2001) noted that, “acupuncture needle rotation 
(either uni- or bidirectional) may be important to initiate 
needle grasp, but other types of needle manipulation such 
as pistoning may also effectively transmit a mechanical 
signal to cells once needle grasp has been initiated.” That 
is, pistoning in the absence of winding is not justified to 
elicit mechanotransduction. Consistent with this finding, 
Zhang, Wang, and McAlonan (2012) found that needle 
rotation resulted in significantly greater C-fiber stimulation 
and distal superficial and deep stretch and mechanorecep
tor activation compared to lifting, thrusting, scraping, 
shaking, and flicking.

Prior studies have shown an improvement in ST after 
physical therapy interventions primarily focused on 
manual therapy and exercise (Latifpour, Grenner, and 
Sjodahl, 2009; Michiels et al., 2016; Oostendorp et al., 
2016a). While physical therapy has also been found to be 
effective for CH (Dunning et al., 2016; Jull et al., 2002), 
the patient in the present report did not report improve
ments in her headache symptoms following cervical 
exercises or cervical and/or thoracic manipulation.

Notably, the patient did report a significant improve
ment in headache symptoms after electrical stimulation 
was added to DN. Acupuncture with electrical stimula
tion has been shown to lead to more robust improve
ments in pain and disability compared to acupuncture 
with manual stimulation alone in patients with tension- 
type headaches (Hao, Xue, Dong, and Zheng, 2013) and 
knee osteoarthritis (Manheimer et al., 2010). 
Electroacupuncture also seems to have a stronger effect 
on the regions of the brain responsible for both descrip
tive and affective pain than manual acupuncture 
(Napadow et al., 2005). Additionally, dry needling with 
electrical stimulation has been shown to be superior to 
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conventional physical therapy in patients with: knee OA 
(Dunning et al., 2018b); plantar fasciitis, (Dunning et al., 
2018a); and tension type headaches (Linde et al., 2009).

The fact that the patient elected to have the SNRB 
procedure is confounding. However, she underwent the 
procedure due to financial rather than clinical reasons. 
Notably, her tinnitus and headache symptoms worsened 
initially after the SNRB and did not improve again until 
after continuing with DN treatment. However, the posi
tive effect of the nerve block cannot be ruled out. Despite 
the patient’s history of ineffective nerve blocks, it is 
possible that the most recent nerve block worked addi
tively with physical therapy to improve the patient’s pain 
and disability related to headaches and tinnitus.

Conclusion

This report describes a patient that showed a significant 
reduction in symptoms related to cervicogenic somato
sensory tinnitus (CST) following physical therapy. Dry 
needling (DN) with manual stimulation (i.e. winding) in 
the upper cervical muscles seems to have correlated with 
a reduction in tinnitus symptoms. The addition of elec
tric stimulation to DN also seems to have improved the 
patient’s headache symptoms. Given that CST and CH 
often present concurrently, physical therapists must 
have a strategy for treating both conditions. Further 
research, including randomized control trials, is 
required to fully determine the effectiveness of dry need
ling on this patient population.
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