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Summary

This review focuses on the published literature on vestibular disorders following different types of head
and neck trauma. Current knowledge of the different causes and underlying mechanisms of vestibular
disorders, as well as the sites of organic damage, is presented. Non-organic mechanisms are also
surveyed. The frequency of occurrence of vestibular symptoms, and of other accompanying subjective
complaints, associated with different types of trauma is presented and related to the specific causes.
Hypotheses about the pathogenesis of traumatic vestibular disorders are presented, and the knowledge
derived from animal experiments is also discussed.

We believe this to be a very important topic, since vestibular complaints in traumatic patients often
remain undiagnosed or underestimated in clinical practice. This review article aims to suggest
directions for additional research and to provide guidance to both the scientific and clinical practice
communities.
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Introduction

The many published studies on traumatic brain injury indicate that post-traumatic dizziness or vertigo
is one of the major complaints following head injuries (Davies and Luxon, 1995; Luxon, 1996; Nacci
etal., 2011). Traumatic brain injury, which is often mild, affects, annually, between 1.8 and 3.8 million
individuals in the United States alone (Alhilali et al., 2014). The causes of vestibular symptoms that
appear after mild traumatic brain injury should be clarified, before routinely classifying them as a post-

concussion syndrome (Friedland, 2015).

There are several types of post-traumatic dizziness and its pathogenesis remains controversial (Brandt,
1999; Shepard, 2013; Tuchimaa, 1978). Likewise, opinions on the important factors to evaluate are
numerous, but in general there are three schools of thought. One considers dizziness, as well as the
other symptoms of the post-traumatic syndrome, to be of psychogenic origin; according to a second
school of thought, post-traumatic dizziness is exclusively of organic origin; finally, the third school
emphasizes the importance of factors of both types (Brandt, 1999). Head trauma can directly damage
the vestibular organ or vestibular nerve, as well as the brainstem and the visual and oculomotor
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pathways, and lead to vestibular disorders (Allison and Fuller, 2000). Unfortunately, associated anxiety
and secondary gain factors make it difficult to distinguish clearly between organic and psychogenic
mechanisms (Brandt, 1999).

Head trauma

The frequency of dizziness and disequilibrium following head trauma is about 40-60% among non-
hospitalized patients (Gannon et al., 1978). Even in cases of mild head trauma dizziness was reported
to persist for at least two years in 18% of patients (Cartlidge, 1978). These figures signify that there is a
common etiology for a heterogeneous collection of peripheral and central vestibular disorders (Brandt,
1999). According to Kushner (1998), the organically conditioned dizziness that occurs after head
trauma is usually peripheral rather than central in origin. The late onset of the symptomatology can be
explained by the slow degeneration that sets in after concussion (Brandt, 1999). The most frequent
peripheral form of vertigo after head trauma is benign paroxysmal positional vertigo (PPV), thought to
be due to dislodgement of otoliths from the macula of the utricle (Brandt, 1999; Shepard, 2013).
Clinical experience and the most recent literature show that post-traumatic PPV (canalolithiasis) is
usually unilateral, and less frequently bilateral. However, bilateral PPV is recognized to have a post-
traumatic etiology. When canalolithiasis is bilateral, paroxysmal vertigo and related nystagmus are
more pronounced on one side. The symptoms may persist for between a day and up to more than a year

(Shepard. 2013).

Vestibular dysfunction after labyrinthine concussion has often been ascribed to unilateral microscopic
hemorrhages in the labyrinth (Davies and Luxon, 1995). Labyrinthine concussion is often manifested
by vertigo, nausea and/or vomiting, but the vestibular examination focuses on pathological nystagmus
that occurs spontaneously and is exacerbated during rapid head movements. Generally, labyrinthine
concussion resolves through adaptation over a period of weeks or months, a process known as
vestibular compensation (Shepard, 2013). While vestibular suppressants dramatically improve the
symptoms during the early period after trauma, they generally delay compensation and subsequently

recovery (Shepard et al., 1990).

Petrous bone fracture can also lead to direct injury of the vestibular nerve or of the labyrinth (Brandt,
1999). Experimental head injuries in guinea pigs showed that the vestibular organ is disarranged with
lysis, exfoliation and vacuolization of the sensory epithelia (Zhou et al., 1994).

Loss or reduction of function in a semi-circular canal can also lead to peripheral vestibular symptoms.
This may be the result of the injury or also occur as a side effect of medication prescribed after head
trauma (e.g., ototoxic aminoglycoside antibiotics) (Halmagyi et al., 1994). Trauma can also cause
vertigo by creating a perilymphatic fistula between the middle and inner ear (Schessel et al., 2005).
Rupture of the oval or round windows of the inner ear may lead to the development of a perilymphatic
fistula and provoke inappropriate stimulation of labyrinthine receptors (Grimm et al., 1989). Such
fistulas may even occur following minor head trauma or barotraumas (high altitude or underwater)
(lidiz and Diindar, 1994; Melamed et al., 1992; Pullen, 1992; Shepard, 2013), strenuous exercise,
suppressed sneezing, or air travel (Gunesh and Huber, 2003; Jaffe, 1979; Kim et al., 2001). Generally
the symptoms are dizziness, fluctuating hearing loss, ear pressure and tinnitus, chronic nausea and
exertional headaches (Grimm et al., 1989), and their expression depends on head position, movement
or air pressure (Brandt, 1999). A perilymphatic fistula may, in rare instances, heal spontaneously,
whereas a chronic perilymphatic fistula has to be corrected surgically (Grimm et al., 1989).

Acute evolving vertigo may be associated with even mild traumatic brain injury (Davies and Luxon,
1995; Fitzgerald et al., 1997; Healy, 1982; Qosterveld et al., 1991). Frequently such patients also
complain of headache and have difficulty concentrating (post-concussion syndrome).
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Vestibular testing of patients with head trauma shows that head trauma may damage the peripheral and
central vestibular structures, simultaneously or separately (Brandt, 1999). Many authors support the
hypothesis that traumatic brain injury with vestibular symptoms affects both the peripheral and central
vestibular structures. A recent study on patients after mild head trauma and subsequent vestibulopathy
compared radiological findings and clinical assessment — this focused on reduction of cognitive
functions, severity of symptoms and time to recovery — in these patients. They were shown to have
significant axonal impairment irrespective of the prevailing peripheral vestibular symptoms. These
findings support the hypothesis that post-traumatic vestibulopathy has a central axonal injury
component (Alhilali et al., 2014).

Central vestibular syndromes are mostly due to concussion of vestibular nuclei or central vestibular
pathways. Direct traumatic damage to the brainstem or cerebellum may be followed by the occurrence
of imbalance and transitional vertigo (Shepard, 2013). All the parts of the brainstem and the cerebellum
can be affected, but the mesencephalon somewhat more often (Brandt, 1999). Symptoms of a central
origin may include nausea with non-positional vertigo and imbalance (Kushner, 1998).

Up to 50% of patients with mild traumatic brain injury develop a post-concussion syndrome (Miller
Fisher, 1966; Rutherford, 1977; Williams et al., 1990) (dizziness, headache, tinnitus, hearing loss,
blurred vision, diplopia, anxiety, irritability, depression, emotional lability, a decrease in intentional
information processing, and fatigue). These symptoms are attributed to the diffuse microscopic changes
that accompany mild concussion, the most common form of closed head injury. Even mild concussion
can cause significant attentional and information processing impairments that last for months in the
absence of any apparent neurological problem (Hugenholtz et al., 1988).

Animal experiments have shown that minor head trauma can produce petechial cerebral hemorrhages
due to distortion forces, especially in the brainstem and the vestibular nuclei (Jellinger, 1967; Brandt,
1999).

Head injury can occur through a variety of mechanisms. Even high-impact aerobics has been accused
of injuring the vestibular system at different levels, causing dizziness, balance dysfunction, etc.
(Brandt, 1999).

Kortschot and Qosterveld (1994) reported that 258 of 318 patients with whiplash trauma had a central-
vestibular dysfunction (Kortschot and Oosterveld, 1994).

Whiplash and blast exposure traumas

Some authors have compared vestibular disorders due to mild traumatic brain injury and those
following cervical whiplash, since, in both cases, the complaints can have both a peripheral and a
central genesis (Nacci et al., 2011). According to some studies, approximately 10% of whiplash injury
survivors have vestibular complaints that could be explained either as subjective, individual sensations
or as objective damage to the vestibular structures. It is necessary to conduct specialized
vestibulometric tests to exclude the possibility of exaggeration of symptoms, which has been observed
in this patient group (Tranter and Graham, 2009).

Other authors found that about 50% of whiplash injury patients show objective abnormalities on
vestibular testing, such as reduced caloric responses, positional nystagmus and, occasionally, increased
“hyperactive” vestibular responses (Fischer et al., 1995; Healy, 1982; Kelders et al., 2005; Oosterveld
etal., 1991).

In whiplash injuries, dizziness and vertigo are the most probable symptoms (changes in vestibular
function); other pathogenetic explanations are based on neuromuscular (Gray, 1956) and neurovascular
mechanisms (Weeks and Travelli, 1955), overexcitation, or damage of the cervical and/or lumbar
proprioreceptors (Hinoki, 1985; Nacci et al., 2011). Acceleration forces associated with traumatic
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injury probably loosen the otoconia; this leads to unequal otolith masses on the two sides, thus causing
a temporary disturbance of spatial orientation (Brandt, 1999). A comparative otoneurological study was
conducted in two groups of dizzy whiplash patients: patients with dizziness after pure whiplash injury
and those with minor injury associated with whiplash. This study showed that there were only a few
cases in which whiplash caused central or peripheral vestibulopathy, which was more probable after
minor head injury associated with whiplash. Impaired postural control in these patients was more often
related to cervical proprioceptive disorders that could be mistaken for a vestibular symptom (Nacci et
al., 2011).

There has recently been an increase in publications reporting blast exposure as the cause of head injury.
Vestibular disorders are common clinical findings in people with blast-induced traumatic brain injury.
The mechanisms underlying injury of the cortical and subcortical structures responsible for motion
perception, spatial orientation, vertigo and postural control have not yet been fully clarified (Scherer

and Schubert, 2009).

Similarly, surveys on vestibular disorders occurring after blast exposure head trauma have also become
more common. It has been found that, for the most part, these disorders follow an atypical course and
cannot be equated with those following conventional traumatic brain injury. Furthermore, a US military
study showed that vestibular function in these subjects deteriorates significantly over time (Hoffer et
al., 2010).

Other authors have drawn parallels between vestibular damage following blast injury and following
traumatic brain injury. In a comparative study of the two groups of patients it was found that in both
cases the otolith organs are the most vulnerable structures. Their injury results in loss of function of the
horizontal semicircular canals and postural instability (Akin and Murnane, 2011).

Objective biomarkers of diagnostic and prognostic importance have recently been identified in post-
traumatic disorders following blast injury. Awwad et al. (2015) reported a transient increase in cerebral
glucose metabolism in certain brain structures associated with vestibular function. Positron emission
tomography/computed tomography image fusion made it possible to visualize the presence of
hypermetabolic states in vestibulomotor brain regions (motor cortex, caudate putamen, thalamus and
vestibular nuclei).

Focused neuro-otological studies have also been conducted, by Scherer etal. (2011), in two groups of
patients who experienced blast trauma: one group with and one without post-traumatic dizziness. The
mean active yaw angular vestibulo-ocular reflex (aVOR) gain in the symptomatic group was lower
than that established in the asymptomatic group, while the results from passive yaw impulses were
similar in the two groups. For pitch head rotation, both active and passive aVOR gains were
significantly lower in the symptomatic group compared with the asymptomatic group. In both groups
there were patients found to have aVOR gains above 1.0 for active pitch up head rotations. This
indicates that in the asymptomatic patients, too, there can be abnormality in vestibulometric testing
although this is less marked than in the other group. The authors concluded that the finding of
depressed active aVOR gain in symptomatic patients compared with non-dizzy patients implicates
central processing of second-order vestibular afference and efference copy signals. This observation
may explain the discrepancy between high rates of dizziness reported by blast-exposed subjects and the
relative scarcity of evidence available to support a diagnosis of vestibulopathy. The findings may also
suggest a differential destruction of type I hair cells or disruption of irregular afferent vestibular
pathways, explaining the common pattern of normal vestibular function testing in patients with mild
traumatic brain injury. The reduced pitch aVOR and significantly elevated symptom severity during
exertional testing appear useful findings in blast-exposed subjects.
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A recent study of vestibular function among veterans with blunt and blast trauma showed that
vestibular disorders may be related to psycho-emotional causes (particularly noradrenergically
modulated states) as well as to organic damage at supratentorial level (Eranke et al., 2012).
Vestibulosuppresants had a positive effect on the acute stage of blunt or penetrating inner ear trauma,
but so far no specific treatment has been recommended (Shepard, 2013).

Non-vertiginous dizziness in the absence of true peripheral or central vestibular dysfunction following
whiplash-type trauma may have a cervicospinal origin (Kushner, 1998). Cervical vertigo is commonly
invoked as a cause of dizziness after head trauma, presumably due to damage to cervical muscle
afferents that project to the vestibular nuclei (Brandt and Bronstein, 2001; Gdowski and McCrea,
2000). This view is supported by the improvement of vestibular complaints after any intervention in the
neck region, for example, injection of local anesthetic (de Jong etal., 1977; Dieterich et al., 1993; Zee
and Leigh, 2006).

Other proposed mechanisms of cervicogenic dizziness include overstimulation of cervical sympathetic
nerves (Ellis et al., 2015; Hinoki,1985), aberrant afferent input from positional proprioceptors in the
cervical spine, and compromised vertebral artery blood flow (Sandstrom, 1962). Vibration of neck
muscles in normal subjects can lead to illusions of motion (Karnath et al., 1994). The cervico-ocular
reflex may be enhanced in patients with whiplash injury (Kelders et al., 2005).

Post-traumatic migraine can occur with an aura of dizziness which is not always immediately followed
by a headache. In these cases it is difficult to make the differential diagnosis between migraine with
aura and direct involvement of the vestibular structures.

Concomitant injuries (e.g., injuries to the visual system or injuries leading to significant restrictions of
range of motion) can also cause complaints of dizziness and instability (Shumway-Cook, 2000).

All peripheral and most central vestibular syndromes gradually improve over time due to functional
recovery or central compensation once a treatment regimen is begun. This may consist of exercises
designed to readjust the vestibular responses and enhance central compensation, or sensory substitution
of the vestibular deficit. Central compensation (rearrangement) would account for a gradual recovery
within weeks, thus supporting the view that exercise is a very effective therapy (Brandt, 1999).

Secondary phobic postural vertigo following recovery of organic post-traumatic vestibular dysfunction
should be suspected if dizziness lasts longer than 4-6 weeks without noticeable improvement but with
normal otoneurological test results (Brandt, 1996; Huppert et al. 1994).

Chronic post-traumatic dizziness or disequilibrium persisting for months or years without abnormal
otoneurological or neuro-ophthalmological findings is most likely psychogenic, especially if
accompanied by chronic headache (tension or cervicogenic) and depression (Brandt, 1999). However,
even though it is psychogenic, it nevertheless has to have a microscopic structural or subcellular basis,
which indicates that the genesis is complex in many traumatic patients.

There are some non-vestibular causes of dizziness occurring after traumatic brain injury. Orthostatic
hypotension, as a cause for dizziness, may be related to physical deconditioning, medullary injury or be
a side effect of medications such as some antihypertensives, analgesics or beta blockers. Other
symptomatic drugs for post-concussion syndrome (e.g., benzodiazepines, diuretics and anti-
convulsants) may also lead to sensations of dizziness (Daroff and Carlson, 2005). Dizziness may be
related to pre-existing conditions such as neurological disease, labyrinthopathy, cardiac disease or
diabetes. One frequent complication of traumatic brain injury, i.e. hyponatremia (Agha et al., 2004,
Harrigan, 1996; Zafonte and Mann, 1997), can cause dizziness or orthostatic hypotension (Armstrong,
2004; Harrigan, 1996; Taylor et al., 1995). When investigating post-traumatic vertigo and dizziness it is
useful to apply the specialized vestibular tests, for example, checking for spontaneous nystagmus with
and without Frenzel’s glasses, and for positional and positioning nystagmus, the head-shaking test, the
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Halmagyi test (the head-thrust test), and the vestibular bithermal caloric test. It has been shown that
posturographic examination with eyes open and closed is useful for dynamic monitoring of patients in
the post-traumatic period. In addition, it has been proven that balance control is related to the
vestibular-spinal reflex and cervical proprioception in whiplash patients (Nacci etal., 2011).

Audiological testing is also important for the evaluation of the dizzy patient after traumatic brain
injury, especially for determining the degree and the site of the damage (Rubin, 1990). This includes
not only subjective audiometry, but also objective audiometry, i.e., evoked potentials. It is also
important to determine whether tinnitus is present.

Concluding remarks

In conclusion, the present review provides an overview of the various mechanisms underlying the
vestibular disorders that follow head trauma. They can be due to organic, structural or substructural
(microscopic) damage localized at different vestibular levels, from the labyrinth to the cortical regions;
they can also involve non-vestibular structures, such as neck proprioreceptors, whose signals integrate
with the vestibular afferentation, as well as humoral mechanisms. They can also be psychogenic,
functional disorders. Thus, vestibular examination and other related tests are very useful for
establishing the site, pathogenesis and severity of traumatic vestibular disorder. Such information will
improve the results of therapy.

References

1. Agha A, Thornton E, O’Kelly P, et al. Posterior pituitary dysfunction after traumatic brain injury.
1 Clin Endocrinol Metab. 2004;89:5987-5992. [PubMed] [Google Scholar]

2. Akin FW, Murnane OD. Head injury and blast exposure: vestibular consequences. Otolaryngol
Clin North Am. 2011;44:323-334. [PubMed] [Google Scholar]

3. Alhilali LM, Yaeger K, Collins M, et al. Detection of central white matter injury underlying
vestibulopathy after mild traumatic brain injury. Radiology. 2014;272:224-232. [PubMed]
[Google Scholar]

4. Allison L, Fuller K. Balance and vestibular disorders. In: Umphred D, editor. Neurological
Rehabilitation. 4th ed. St Louis: Mosby; 2000. pp. 616-660. [Google Scholar]

5. Armstrong LE. Exertional hyponatraemia. J Sports Sci. 2004;22:144-145. [PubMed]

[Google Scholar]

6. Awwad HO, Gonzalez LP, Tompkins P, et al. Blast overpressure waves induce transient anxiety
and regional changes in cerebral glucose metabolism and delayed hyperarousal in rats. Front
Neurol. 2015;6:132. [PMC free article] [PubMed] [Google Scholar]

7. Brandt T, Bronstein AM. Cervical vertigo. J Neurol Neurosurg Psychiatry. 2001;71:8-12.

[PMC free article] [PubMed] [Google Scholar]

8. Brandt T. Vertigo: Its Multisensory Syndromes. London: Springer; 1999. [Google Scholar]

9. Brandt T. Phobic postural vertigo. Neurology. 1996;46:1515-1519. [PubMed] [Google Scholar]

10. Cartlidge NE. Post-concussional syndrome. Scott Med J. 1978;23:103. [PubMed]

[Google Scholar]

11. Daroff RB, Carlson MD. Syncope, faintness, dizziness and vertigo. In: Kasper DL, Braunwald E,
Fauci AS, et al., editors. Harrisons Principles of Internal Medicine. 16th ed. New York: McGraw-
Hill; 2005. pp. 100-107. [Google Scholar]

12. Davies RA, Luxon LM. Dizziness following head injury: a neuro-otological study. J Neurol.
1995;242:222-230. [PubMed] [Google Scholar]

13. de Jong PT, de Jong JM, Cohen B, et al. Ataxia and nystagmus induced by injection of local
anaesthetic in the neck. Ann Neurol. 1977;1:240-246. [PubMed] [Google Scholar]

https:/fwww.ncbi.nim.nih.gov/pmc/articles/PMC4936800/

6/9



5/16/2019 Vestibular disorders following different types of head and neck trauma

14. Dieterich M, Péllmann W, Pfaffenrath V. Cervicogenic headache: electronystagmography,
perception of verticality and posturography in patients before and after C2-blockade.
Cephalalgia. 1993;13:285-288. [PubMed] [Google Scholar]

15. Ellis MJ, Leddy JJ, Willer B. Physiological, vestibulo-ocular and cervicogenic post-concussion
disorders: an evidence-based classification system with directions for treatment. Brain Inj.
2015;29:238-248. [PubMed] [Google Scholar]

16. Fischer AJ, Huygen PL, Folgering HT, et al. Vestibular hyperreactivity and hyperventilation after
whiplash injury. J Neurol Sci. 1995;132:35-43. [PubMed] [Google Scholar]

17. Fitzgerald DC, Getson P, Brasseux CO. Perilymphatic fistula: a Washington, DC, experience.
Ann Otol Rhinol Laryngol. 1997;106:830-837. 1997. [PubMed] [Google Scholar]

18. Franke LM, Walker WC, Cifu DX, et al. Sensorintegrative dysfunction underlying vestibular
disorders after traumatic brain injury: a review. J Rehabil Res Dev. 2012;49:985-994. [PubMed]
[Google Scholar]

19. Friedland D. Postconcussion syndrome/disorder or mild traumatic brain injury: diagnostic issues
and treatment. ACNR. 2015;15:24-25. [Google Scholar]

20. Gannon RP, Wilson GN, Roberts ME, et al. Auditory and vestibular damage in head injuries at
work. Arch Otolaryngol. 1978;104:404—408. [PubMed] [Google Scholar]

21. Gdowski GT, McCrea RA. Neck proprioceptive inputs to primate vestibular nucleus neurons.
Exp Brain Res. 2000;135:511-526. [PubMed] [Google Scholar]

22. Gray LP. Extra labyrinthine vertigo due to cervical muscle lesions. J Laryngol Otol.
1956:70:352-361. [PubMed] [Google Scholar]

23. Grimm RJ, Hemenway WG, Lebray PR, et al. The peri-lymph fistula syndrome defined in mild
head trauma. Acta Otolaryngol Suppl. 1989;464:1-40. [PubMed] [Google Scholar]

24. Gunesh RP, Huber AM. Traumatic perilymphatic fistula. Ann Otol Rhinol Laryngol.
2003;112:221-222. [PubMed] [Google Scholar]

25. Halmagyi GM, Fattore CM, Curthoys IS, et al. Gentamicin vestibulotoxicity. Otolaryngol Head
Neck Surg. 1994;111:571-574. [PubMed] [Google Scholar]

26. Harrigan MR. Cerebral salt wasting syndrome: a review. Neurosurgery. 1996;38:152-160.
[PubMed] [Google Scholar]

27. Healy GB. Hearing loss and vertigo secondary to head injury. N Engl J Med. 1982;306:1029-
1031. [PubMed] [Google Scholar]

28. Hinoki M. Vertigo due to whiplash injury: a neurotological approach. Acta Otolaryngol Suppl.
1984;419:9-29. [PubMed] [Google Scholar]

29. Hoffer ME, Balaban C, Gottshall K, et al. Blast exposure: vestibular consequences and
associated characteristics. Otol Neurotol. 2010;31:232-236. [PubMed] [Google Scholar]

30. Hugenholtz H, Stuss DT, Stethem LL, et al. How long does it take to recover from a mild
concussion? Neurosurgery. 1988;22:853-858. [PubMed] [Google Scholar]

31. Huppert D, Kunihiro T, Brandt T. Phobic postural vertigo (154 patients): its association with
vestibular disorders. Journal of Audiological Medicine. 1994;4:97—-103. [Google Scholar]

32. 1ldiz F, Diindar A. A case of Tullio phenomenon in a subject with oval window fistula due to
barotraumas. Aviat Space Environ Med. 1994;65:67—69. [PubMed] [Google Scholar]

33. Jaffe BF. Vertigo following air travel. N Engl ] Med. 1979;301:1385-1386. [PubMed]

[Google Scholar]

34. Jellinger K. Frequency and pathogenesis of central brain lesions after blunt injury of the skull.
Wien Z Nervenheilkd Grenzgeb. 1967;25:223-249. [PubMed] [Google Scholar]

35. Karnath HO, Sievering D, Fetter M. The interactive contribution of neck muscle proprioception
and vestibular stimulation to subjective “straight ahead” orientation in man. Exp Brain Res.
1994;101:140-146. [PubMed] [Google Scholar]

36. Kelders WP, Kleinrensink GJ, van der Geest JN, et al. The cervico-ocular reflex is increased in
whiplash injury patients. J Neurotrauma. 2005;22:133-137. [PubMed] [Google Scholar]

hitps://www.ncbi.nlm.nih.gov/pmcl/articles/PMC4936800/ 7/9



5/16/2019

37.

38.

39.

40.

41.

42,
43.

44,

45.

46.

47.

48.

49.

50.

51

52,

53.

54.

5.

56.

57.

58.

Vestibular disorders following different types of head and neck trauma

Kim SH, Kazahaya K, Handler SD. Traumatic perilymphatic fistulas in children: etriology,
diagnosis and management. Int J Pediatr Otorhinolaryngol. 2001;60:147-153. [PubMed]
[Google Scholar]

Kortschot HW, Oosterveld WJ. Otoneurologic disorders after cervical whiplash trauma.
Orthopade. 1994;23:275-277. [PubMed] [Google Scholar]

Kushner D. Mild traumatic brain injury: toward understanding manifestations and treatment.
Arch Intern Med. 1998;158:1617-1624. [PubMed] [Google Scholar]

Luxon LM. Posttraumatic vertigo. In: Baloh RW, Halmagyi GM, editors. Disorders of the
Vestibular System. Oxford: Oxford University Press; 1996. pp. 381-395. [Google Scholar]
Melamed Y, Shupak A, Bitterman H. Medical problems associated with underwater diving. N
Engl ] Med. 1992;326:30-35. [PubMed] [Google Scholar]

Miller Fisher C. Concussion amnesia. Neurology. 1966;16:826-830. [Google Scholar]

Nacci A, Ferrazzi M, Berrettini S, et al. Vestibular and stabilometric findings in whiplash injury
and minor head trauma. Acta Otorhinolaryngol Ital. 2011;31:378-389. [PMC free article]
[PubMed] [Google Scholar]

Oosterveld WJ, Kortshot HW, Kingma GG, et al. Electronystagmographic findings following
cervical whiplash injuries. Acta Otolaryngol. 1991;111:201-205. [PubMed] [Google Scholar]
Pullen FW., 2nd Perilymphatic fistula induced by barotrauma. Am J Otol. 1992;13:270-272.
[PubMed] [Google Scholar]

Rubin W. How do we use state of the art vestibular testing to diagnose and treat the dizzy
patient? An overview of vestibular testing and balance system integration. Neurol Clin.
1990;8:225-234. [PubMed] [Google Scholar]

Rutherford WH. Sequelae of concussion caused by minor head injuries. Lancet. 1977;1:1-4.
[PubMed] [Google Scholar]

Sandstrom J. Cervical syndrome with vestibular symptoms. Acta Otolaryngol. 1962:54:207-226.
[PubMed] [Google Scholar]

Scherer MR, Shelhamer MJ, Schubert MC. Characterizing high-velocity angular vestibulo-ocular
reflex function in service members post-blast exposure. Exp Brain Res. 2011;208:399-410.
[PMC free article] [PubMed] [Google Scholar]

Scherer MR, Schubert MC. Traumatic brain injury and vestibular pathology as a comorbidity
after blast exposure. Phys Ther. 2009;89:980-992. [PubMed] [Google Scholar]

Schessel DA, Minor LB, Nedzelski J. Meniere’s disease and other peripheral vestibular
disorders. In: Cummings CW, editor. Otolaryngology Head, Neck Surgery. Philadelphia: Elsevier
Mosby; 2005. pp. 3209-3253. [Google Scholar]

Shepard NT. Balance and dizziness. In: Zasler ND, Katz DI, Zafonte RD, editors. Brain Injury
Medicine: Principles and Practice. New York: Demos Medical Publishing; 2013. pp. 779-793.
[Google Scholar]

Shepard NT, Telian SA, Smith-Wheelock M. Habituation and balance retraining therapy. A
retrospective review. Neurol Clin. 1990;8:459-475. [PubMed] [Google Scholar]
Shumway-Cook A. Vestibular rehabilitation of the patient with traumatic brain injury. In:
Herdman SJ, editor. Vestibular Rehabilitation. 2nd ed. Philadelphia: F.A. Davis Company; 2000.
pp. 476-493. [Google Scholar]

Taylor S, Tyrrell JB, Wilson CB. Delayed onset of hyponatremia after transphenoidal surgery for
pituitary adenomas. Neurosurgery. 1995:37:649—654. [PubMed] [Google Scholar]

Tranter RM, Graham JR. A review of the otological aspects of whiplash injury. J Forensic Leg
Med. 2009;16:53-55. [PubMed] [Google Scholar]

Tuohimaa P. Vestibular disturbances after acute mild head injury. Acta Otolaryngol Suppl.
1978;359:3-67. [PubMed] [Google Scholar]

Weeks VD, Travelli J. Postural vertigo due to trigger areas in the sternocleidomastoid muscle. J
Pediatr. 1955;47:315-327. [PubMed) [Google Scholar]

https:llwww.ncbi.nlm.nih.govlpmc!arﬁcleslPM04936800/ 8/9



5/16/2019 Vestibular disorders following different types of head and neck trauma

59. Williams DH, Levin HS, Eisenberg HM. Mild head injury classification. Neurosurgery.
1990;27:422-428. [PubMed] [Google Scholar]

60. Zafonte RD, Mann NR. Cerebral salt wasting syndrome in brain injury patients: a potential cause
of hyponatremia. Arch Phys Med Rehabil. 1997;78:540-542. [PubMed] [Google Scholar]

61. Zee DS, Leigh RI. The Neurology of Eye Movements. New York: Oxford University Press Inc;
2006. [Google Scholar]

62. Zhou D, Xu W, He I. Histopathology of nonacoustic labyrinth following head injury in guinea
pigs. Zhonghua Er Bi Yan Hou Ke Za Zhi. 1994;29:350-352. [PubMed] [Google Scholar]

Articles from Functional Neurology are provided here courtesy of CIC Edizioni Internazionali

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4936800/ 9/9



