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ABSTRACT
Objectives: Tinnitus is the perception of sound without any external auditory stimulus.
Cervicogenic somatic tinnitus (CST) is a subset in which symptoms are modulated by maneu-
vers of the neck. The evidence for effective diagnosis and treatment of CST is limited.
Mechanical Diagnosis and Therapy (MDT) is a biopsychosocial assessment and management
system that uses the response to mechanical forces to classify clinical presentations accurately.
The purpose of this case report is to describe the MDT assessment and management of
a patient with chronic subjective tinnitus.
Methods: A 67-year-old female with a 5-year history of left-sided subjective tinnitus, neck pain,
and headache was referred for physiotherapy. Outcome measures included the Visual
Analogue Scale (VAS), Tinnitus Handicap Inventory (THI), and Neck Disability Index (NDI). She
was evaluated and treated according to MDT principles with management consisting of
individualized directional preference exercises and postural correction.
Results: Significant improvements in symptoms, cervical range of motion, function, and
psychosocial status were observed over the long-term. At 6 months, THI scores dropped
from 62/100 to 18/100 and NDI scores dropped from 18/50 to 3/50.
Discussion: A comprehensive MDT assessment led to a classification of Derangement, with
treatment focusing on tailored self-management. Contrary to other interventions described for
CST, the patient was able to make significant and lasting changes to her symptoms without the
need for any externally applied interventions. The emphasis on self-management dovetails well
with the biopsychosocial model of care. This case provides preliminary evidence for the utility
of screening for Derangement in conservative tinnitus assessments.
Level of Evidence: 4
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Background

Tinnitus is described as the conscious perception of
sound in the absence of an external auditory stimulus.
Its prevalence ranges between 10 to 15% in adult
populations [1]. Symptoms may vary widely with
regards to pitch, intensity, type and number of sounds,
spatial localization, and temporal pattern [2]. It is often
associated with other aural symptoms, such as hearing
loss, hyperacusis, and phonophobia [3]. Subjective tin-
nitus, which is experienced by the individual alone, is
more common than the objective type, which is per-
ceptible by another observer [1]. It can be accompa-
nied by significant comorbidities such as insomnia,
depression, and anxiety [4,5], and can have severe
consequences for quality of life [6].

Tinnitus is considered to have multiple etiologies. It
can be caused or worsened by hearing loss, acoustic
trauma, ototoxic drug use, infections, and psychological
stress [7]. A subset of tinnitus exists in which the soma-
tosensory system of the upper extremities, jaw, or neck
is related to symptoms [8]. A frequently reported char-
acteristic of this group is the ability to modulate

symptoms in terms of pitch or loudness with active
movements or muscular contractions of the head,
neck, and jaw [7,9–16]. It is referred to as Cervicogenic
Somatic Tinnitus (CST) when symptoms are specifically
modulated by maneuvers of the cervical spine [17].

There have been conflicting diagnostic criteria
reported in the literature for CST [2,16,18]. Michiels
et al. [19] diagnosed patients with CST if they reported
temporal coincidence of neck pain and tinnitus symp-
toms [16], and then evaluated the prevalence of cervical
spine dysfunction in these patients. Although it was
significantly more prevalent in CST (47-81% across 4
tests) than non-CST patients, it was still common in the
latter (10-50%) [19]. This is perhaps unsurprising, as
basing CST diagnosis on one historical criterion is pro-
blematic; a recent Delphi study on the diagnostic criteria
of somatosensory tinnitus [20] identified more than 15
historical or physical factors that imply a somatosensory
influence on symptoms. Furthermore, tinnitus symp-
toms were equally modifiable by cervical maneuvers in
both the CST and non-CST group, and only 68% of CST
population had limited cervical range of motion [19].
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Taken together, these findings suggest that the utility of
clinical diagnostic tools is insufficient.

Evidence to support treatment options for CST is
limited. Interventions have been described in case
reports, cohort studies, and randomized controlled trials
with various rationales, including targeting cervical mis-
alignment and range of motion with manipulation and/
or exercise [20–24], normalizing cervical muscle function
through stretching or repeated contraction [14,25], and
deactivation of trigger points by stretching or pressure
release [26]. CST appears to be a syndrome with com-
plex and varying presentations; therefore, the narrow
approach of these treatment strategies may be limited
in their applicability to individual patients. A systematic
and individualized approach to the evaluation andman-
agement of CST is necessary.

Mechanical Diagnosis and Therapy (MDT) is
a biopsychosocial classification system that is widely
used in assessing and managing neck pain and cervico-
genic headache [27,28]. Clinicians use MDT to evaluate
a patient’s symptomatic and mechanical response to
loading strategies in order to accurately classify their
presentation. The fact that tinnitus symptoms can be
modulated by certain head or neck movements [10–16]
indicates a possible role for MDT in assessing and treat-
ing this population.

The purpose of this case report is to describe the
evaluation, treatment, and outcomes of a patient with
chronic subjective tinnitus using MDT assessment and
management principles.

Case description

History

A 67-year-old French-speaking female was evaluated
and treated in an outpatient physiotherapy clinic by
a Certified MDT physiotherapist (DW). She gave her
written consent for this case report. She was referred
by her family physician after finding information online
regarding the link between the cervical spine and tinni-
tus, and the possible role of physiotherapy in ameliorat-
ing symptoms. She presented with a five-year history of
subjective tinnitus in her left ear. It had an insidious
onset and a progressive course, initially presenting as
an intermittent whistling sound. The intensity increased
and became constant after two ear infections in the
previous two years. Other sounds began to appear,
including high-pitched buzzing, hissing, andmechanical
knocking. At its worst, she was able to discern up to five
different noises simultaneously, and sometimes it would
also be present in the right ear. She had three episodes
of symptoms attributed to Meniere’s disease within the
previous year, lasting about six hours each, during
which she had severe vertigo, vomiting, and difficulty
standing up. The tinnitus symptoms were more promi-
nent during and after these attacks.

She described her current tinnitus as a continuous
whistling with a pulsatile ‘chou-chou’ sound. It wor-
sened with fatigue, stress, and through exposure to
strong ambient noise. It improved with relaxation
and neck massage. She noticed it disappeared tem-
porarily when she turned her head to the left and lifted
her arms overhead. Other associated symptoms
included left-sided hearing loss and a sensation of
blockage. She also complained of frequent headaches
as well as pressure and tension in her neck, which were
quite severe in the previous two months. She had
a dental prosthesis but denied any pain in her jaws.

The tinnitus caused her significant functional impair-
ment and psychosocial stress. Hearing the television
and speechwas problematic, with resulting comprehen-
sion difficulty during conversations. She struggled to
concentrate, read, and had stopped knitting. Falling
asleep was troublesome and she reported waking up
about three times per night, and so was easily fatigable.
Certain sounds, such as police sirens, were intolerable,
and she had to stop attending the cinema and concerts,
which she had previously enjoyed. She sometimes felt
frustrated and desperate, as she felt she had no control
over the tinnitus and could not escape from it.
Moreover, she reported at times feeling anxious,
depressed, insecure, and irritable; the problem had
placed stress on her personal relationships.

Her past medical history included atrial fibrillation and
hypothyroidism, for which she was taking prophylactic
aspirin and Synthroid, respectively. She had no history of
head injury or any surgery involving the head or ear and
had never taken any ototoxic medications. She had never
worked anywhere with significant ambient noise and
denied having any noisy hobbies or activities. She had
seen an optometrist to exclude any vision changes that
might be related to her headaches. She attended eight
sessions of acupuncture and two sessions of massage
therapy with only temporary relief of symptoms.

An MRI showed no pathology of her internal auditory
canal, mastoid, and cranial nerves VII and VIII. Audiogram
tests revealed neurosensory hearing loss in her left ear,
with 20% discrimination of monosyllables. A cervical
X-ray displayed a discrete anterolisthesis of C4/C5 and
C5/C6, likely related to facet arthrosis, and mild C6-7 disc
narrowing with osteophytic proliferation and uncarthro-
sis, which moderately reduced left foraminal space.

Outcome measures

The intensity of the tinnitus fluctuated from 3-8/10 on
the Visual Analogue Scale (VAS), which is a valid and
reliable instrument for measuring tinnitus loudness
[29]. The Tinnitus Handicap Inventory (THI) and the
Neck Disability Index (NDI) were used as functional
outcome measures. Both have demonstrated good
reliability and have been validated in French [30,31].
The THI is a 25-item questionnaire that assesses the
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deficits in function, emotion, and the catastrophic
responses of tinnitus [32]. Its score ranges from 0 to
100 with a minimal detectable change of 20 points
[32]. Her initial score was 62/100, indicating ‘Severe’
disability. The NDI is a 10-item questionnaire that
assesses both physical and mental health related to
cervical pain [33,34]. Its score ranges from 0 to 50 [34]
with a minimal detectable change of 10.5 points [35].
Her initial score was 18/50, indicating ‘Moderate’
disability.

Examination and clinical impression

Upon examination, the patient reported her tinnitus
severity was 8/10 and her headache symptoms were 5/
10 at rest in sitting. Correction of her resting position
from a forward head posture to upright sitting immedi-
ately decreased her tinnitus intensity. Range of motion
(ROM) assessment of her cervical spine showed
a painful, moderate loss of left rotation and left lateral
flexion, and minimal losses in all other directions.
Protrusion increased her headache, while retraction
decreased both the headache and tinnitus. Supine
lying further decreased her tinnitus, and after perform-
ing 15 repetitions of retraction in this position (Figure 1),
her tinnitus and headache severity decreased to 6/10
and 3/10, respectively. Additionally, left lateral flexion
and rotation increased in range. A provisional classifica-
tion of cervical Derangement with a Directional
Preference of retraction was made. She was instructed
to perform 10–15 repetitions of retraction in lying every
one to two hours, and tomaintain amore upright sitting
posture with a lumbar roll.

Treatment and follow-up

One week later, reporting full adherence with the
management plan, she described a 40% improvement
overall. Her tinnitus had decreased to 5/10 in severity
and the pulsatile ‘chou-chou’ noise was less annoying.

She had been headache-free for a week and sleep
quality had improved. She had significantly less neck
stiffness; ROM assessment exhibited minimal loss of
left rotation and extension, with full flexion and right
rotation. She was instructed to continue with her exist-
ing program due to ongoing symptomatic and
mechanical improvement.

At follow-up a week later, she reported that for the
preceding 4 days she experienced nasal congestion,
cough, and difficulty breathing secondary to bronchi-
tis. Because of this she had difficulty lying down and so
had to stop her exercises for 2 days. Her tinnitus sever-
ity was 10/10, accompanied by pulsatile ‘chou-chou’,
knocking, and buzzing sounds. There was a moderate
loss of cervical extension and left rotation, with
a minimal loss of right rotation. Retraction in sitting
was introduced in lieu of lying (Figure 2). After per-
forming 10 repetitions, her tinnitus severity had
decreased. She was instructed to perform these exer-
cises, instead of in lying, every 1–2 hours.

Two weeks later, her bronchitis was abating, and
she was approximately 90% adherent with her new
exercises. Her sleep quality had improved. She
reported her daytime tinnitus averaged 7/10 in sever-
ity, but at night it was still 10/10, and she described this
as a pulsatile knocking. Physical examination revealed
a moderate loss of extension and minimal loss of left
rotation. A progression of her existing exercise was
tested into further range. Cervical retraction followed
by extension (Figure 3) significantly decreased the
pulsatile knocking noise, from 7/10 to 1/10. Ten repeti-
tions of this abolished the pulsatile tinnitus; this was
prescribed as her new home exercise program every
1–2 hours.

Outcomes

At six weeks post-evaluation, the patient was continu-
ing to perform retraction-extension exercises at a 90%
adherence rate and reported an 85-90% improvement

Figure 1. Retraction in lying.

JOURNAL OF MANUAL & MANIPULATIVE THERAPY 121



overall. There was no pulsatile tinnitus, although there
was a 7/10 whistling noise that persisted when she
woke up. After performing the exercises, the intensity
decreased to 4/10. During the day, she barely noticed
the sound, and only heard it when there was total
silence. She reported significant improvements in her
mood and ability to sleep. She had not had neck pain
for a week, and demonstrated full cervical flexion,
lateral flexion, and rotation, with a minimal loss of
extension. Her THI score had decreased to 22/100,
and her NDI score to 5/50. One week later she had an
audiogram done, which showed a slight improvement
in the discrimination of monosyllables (20% to 40%) in
her left ear compared to pre-physiotherapy treatment.
She was asked to continue with the same home exer-
cise program and would be followed up by phone.

At 6-month follow-up, she reported her tinnitus was
well controlled. She described it as a continuous whis-
tling sound that did not exceed 3/10 in severity and
there was no pulsatile ‘chou-chou’ or knocking sounds.

Her THI score had further decreased to 18/100, and her
NDI score had decreased to 3/50. Overall, she reported
significant symptomatic, functional, and psychosocial
improvements compared to intake (Table 1). A recent
audiogram displayed a slight decrease in the discrimina-
tion of monosyllables (24%) in her left ear. She saw a new
specialist who diagnosed her with vestibular migraine, as
opposed to Meniere’s disease, to explain her episodes of
vertigo, vomiting, and difficulty standing up.

Discussion

This case outlines the evaluation and successful man-
agement of a patient presenting with chronic subjective
tinnitus. Through the provision of a comprehensive
MDT assessment and treatment, significant reductions
in tinnitus, headache, and neck symptoms were noted,
accompanied by mechanical, functional, and psychoso-
cial improvements. At 6-month follow-up, her THI score
had decreased 44 points and her NDI by 15 points

Figure 2. Retraction in sitting.
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compared to intake, far surpassing minimal detectable
change thresholds for each instrument [32,35]. The pul-
satile aspect of her tinnitus was abolished, and the
severity decreased from a range of 3-8/10 to
a maximum of 3/10. Notably, her audiogram demon-
strated improvement in left-sided monosyllable discri-
mination at 6 weeks, although this had returned close to
baseline at 6-month follow-up, possibly as a result of
ongoing vestibular migraines. Because these results
were observed in response to extension-based loading

strategies of the cervical spine, she satisfied the criteria
for a Directional Preference of extension and was thus
classified as having a cervical Derangement [36].

These findings deviate somewhat with the responses
reported for other tinnitus patients. The phenomenon
of tinnitus modulation is well-documented, wherein
somatic maneuvers of the head, neck, jaw, and upper
extremity can affect tinnitus symptoms. However, these
modulations have been found to either improve or
worsen symptoms and are commonly transient in nat-
ure [2,7,8,16], as opposed to the long-term improve-
ments observed in this case. It could be speculated
that some patients who exhibit tinnitus modulation
may in fact have an unrecognized Derangement,
which requires end-range motion or positioning in
a specific direction to bring about clinical improvement
[36]. Indeed, our patient had transient relief with
shoulder elevation and neck rotation, which in retro-
spect could be considered a historical clue that
Derangement was likely.

The management plan for this patient was also
a departure in comparison to CST treatment strategies
reported in the literature. They include exercises and
a range of passive interventions, such as manual mobi-
lization, manipulation, auricular acupuncture, soft tis-
sue massage, myofascial trigger point inactivation,
injections, and electrical stimulation [8,16,21–24,37].
Cherian et al. [23] reported on a patient with tinnitus
who improved with repeated movements of the neck
and thoracic spine that were similar in part to those
used here, but treatment also included soft tissue
massage and trigger point release in addition to jaw
exercises. Michiels et al. [19] recommended that CST be
treated multimodally with mobilization/manipulation,

Figure 3. Retraction-extension in sitting.

Table 1. Summary of symptomatic, functional, and psychoso-
cial issues reported at intake with 6-month outcomes.
Reported Issues at Intake 6 Month Outcome

Symptomatic
Up to 5 noises simultaneously 1 whistling sound only
3-8/10 continuous tinnitus Maximum 3/10, difficult to detect

at times
Pulsatile quality No pulsatile quality
Neck pressure and tension No neck symptoms
Headaches Improved headache symptoms
Dizziness episodes lasted 6 hours Dizziness episodes lasted

20–120 minutes
Functional
Difficulty hearing/comprehending
speech

No difficulty hearing speech

Difficulty falling asleep, awakes 3
times/night

Able to sleep continuously without
waking up

Easily fatigable No longer fatigued
Difficulty concentrating/reading Occasional difficulty

concentrating/reading
Could not go to cinema/concerts Did not go – fearful of getting

worse
Psychosocial
Frustrated and desperate Occasional frustration, no longer

desperate
No control over symptoms Had control with regular exercise
Anxious, depressed, insecure,
irritable

No longer anxious, depressed, or
insecure

Stress on personal relationships Symptoms did not put stress on
relationships
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mobility and stability exercises, and muscle relaxation.
In contrast, the reduction in tinnitus symptoms
observed here was uniquely elicited via the patient’s
movements only, without the application of any exter-
nal manual therapies or modalities. A strength of this
approach is it allowed for clarification of the relation-
ship between symptoms and intervention, due to the
utilization of solely cervical extension-based treat-
ments. These outcomes suggest that clinically impor-
tant results could be similarly achieved in other CST
patients if a Derangement is identified, and the multi-
modal treatment approach as outlined above [19] may
be superfluous.

Thus, assessing for Derangement could be consid-
ered an important component of a thorough tinnitus
assessment. Previous work has shown that
Derangements can be reliably detected by appropri-
ately trained MDT clinicians in both the spine and
extremity [38–41]. McKenzie and May [36] have advo-
cated for a thorough MDT assessment and manage-
ment of the cervical and thoracic spines for patients
with cervicogenic headache and dizziness, with the
assertion that for some patients, symptoms will be
responsive to spinal movements and/or positions.
This idea can now be extended to patients with tinni-
tus, as to the authors’ knowledge, this is the first
reported cervical Derangement with tinnitus as
a responsive symptom. Given the ongoing dilemma
of identifying CST [20] and the prominence of cervical
dysfunction in those deemed not to have CST [19],
assessing for Derangement could be a significant
piece of the diagnostic puzzle. However, because the
results of one case report are not necessarily general-
izable to the clinical population of tinnitus as a whole,
more expansive research studies should be conducted
to investigate this idea in greater detail.

As exhibited in this case, the successful manage-
ment for Derangement can commonly be achieved
solely through self-management strategies [36],
which aligns well with the biopsychosocial model of
care [42,43]. By demonstrating to the patient that she
was able to reduce her symptoms without any clin-
ician-dependent intervention, she was given agency
over her own problem. This was particularly poignant
for someone who at intake reported distress due to
no perceived control over her symptoms. Promotion
of self-management can lead to improved self-
efficacy and perceived controllability of symptoms,
which have positive effects on pain and disability
[42]. It is an essential part of management for persis-
tent musculoskeletal disorders [43]; previously it has
been shown that an episode of care with an MDT
clinician leads to improved self-efficacy and self-
management skills [44]. Additionally, by virtue of
the focus on patient-generated movements, any
potential side effects of external interventions were
avoided.

At intake, the patient thoroughly described how her
symptoms affected her psychosocial status.
Interestingly, despite a lack of explicit psychosocial
interventions, her status improved significantly as
symptoms improved, as evidenced by her subjective
report, THI, and NDI score improvements, the latter
two of which capture some of the psychosocial
domains affected by tinnitus and neck pain. This is
consistent with previous work demonstrating that if
psychosocial factors are present when the clinical diag-
nosis of Derangement is made, they often improve
concomitantly with Derangement-specific manage-
ment; overt psychosocial intervention is often unne-
cessary [45–48].

Conclusion

This case report details the successful reduction of tinni-
tus symptoms with concomitant improvement in func-
tion and psychosocial status through self-management
exercises and posture correction according to an identi-
fied Directional Preference. The outcomes highlight the
potential utility of screening for Derangement as part of
a comprehensive tinnitus assessment. In addition,
because the treatment of this condition is rooted in self-
management, tinnitus patients who have a Derangement
may not require passive, multimodal interventions to
improve, maximizing self-efficacy and perceived control
over symptoms. To the authors’ knowledge, this is the
first report of Derangement in tinnitus, so its prevalence
in this population is currently unknown. However, given
that the tinnitus modulation phenomenon appears to be
common, there is the possibility that it could be
a frequent finding. Because of this, and the inherently
limited evidence that can be garnered from a case report,
further research on this topic with more robust study
design is required for clarification.
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