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Abstract
Background: Hyperpneumatisation of the skull base and upper cervical vertebrae is a very rare condition of uncertain
aetiology and pathophysiology.

Case report: A case of extensive hyperpneumatisation of the craniocervical junction and upper three cervical vertebrae
is described, in a patient who habitually performed the Valsalva manoeuvre to relieve the symptoms of a patulous
eustachian tube. Reported symptoms of ear, neck and shoulder pain deteriorated after minor head trauma. There was a
drastic radiological and clinical improvement after ceasing to perform the Valsalva manoeuvre.

Discussion: All reported cases of craniocervical bone hyperpneumatisation have in common a history of raised middle-
ear pressure, minor trauma or both. We therefore suggest that chronically raised middle-ear pressure leads to destruction of
bony tissue and pneumatisation, and that this process is able to cross joints into the cervical spine, either via micro-
fractures following trauma, or as a result of congenital assimilation of the craniocervical junction.
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Introduction
Pneumatisation of the temporal bone begins in utero and
continues into adolescence. It occurs as a result of epithelial
out-pouching from the eustachian tube and middle ear, with
subsequent subepithelial bone resorption.1 This physiologic-
al process is thought to serve several functions, namely, redu-
cing the mass of the skull, protecting against trauma,
providing acoustic resonance, and acting as an air reservoir
to counteract negative middle-ear pressure.2 Although there
are certain characteristic patterns of pneumatisation, great
variation has been demonstrated between normal, healthy
individuals.1

Hyperpneumatisation of the craniocervical junction and
cervical vertebrae is an extremely rare phenomenon hitherto
lacking a convincing aetiological and pathophysiological
explanation.

Case report
A fit, healthy, 40-year-old man presented with a 2-year
history of left ear discomfort and autophony preceded by a
short spell of vomiting. His symptoms were exacerbated by
sneezing and coughing and relieved by performing the
Valsalva manoeuvre against closed nostrils. He described
an exacerbation of his symptoms following a minor road
traffic accident, although he did not seek medical attention
at the time. He also complained of a short history of worsen-
ing pain in the left shoulder and neck. He denied any hearing
loss, vertigo or otorrhoea.

On examination, there was significant bulging of both the
pars tensa and pars flaccida of both tympanic membranes
(Figure 1). Examination of the post-nasal space and

eustachian tube orifices was unremarkable, and there were
no positive neurological findings in the upper limbs.

Audiometry was normal, and tympanography showed an
immittance of 0 and a volume of 1.7 cm3 on the left.

FIG. 1

Endoscopic view of the left tympanic membrane showing bulging
pars flaccida and pars tensa.
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Computed tomography (CT) imaging revealed extensive
hyperpneumatisation of the left mastoid, occipital bone and
upper three cervical vertebrae, with extension into the sur-
rounding soft tissues (Figures 2 and 3).
Initially, the patient was advised to stop performing the

Valsalva manoeuvre. At follow up two weeks after the
initial presentation, he reported a significant improvement
in his symptoms. At that point, it was noted that his left
tympanic membrane moved with respiration, suggesting a
patulous eustachian tube.
A repeated CT scan at three weeks confirmed almost com-

plete resolution of the previously observed hyperpneumatisa-
tion (Figures 4 and 5). By this point, the patient was almost
completely symptom-free.

Discussion
This case represents an advanced form of the very rare phe-
nomenon of hyperpneumatisation of the craniocervical junc-
tion and upper cervical vertebrae. It is likely that our patient’s
habit of repeatedly performing the Valsalva manoeuvre
resulted in increased pressure in the middle ear and
mastoid antrum, causing bony erosion and pneumatisation.
There are very few other cases in the literature of skull
base hyperpneumatisation involving the upper cervical verte-
brae; however, all have in common a history of raised
middle-ear pressure, minor trauma or both.3–8

The most intriguing aspect of this condition is the fact that
the pneumatisation process is able to cross seemingly intact
synchondroses and joints. Both Turowski et al.4 and
Littrell et al.5 described cases of craniocervical pneumatisa-
tion in patients who performed habitual Valsalva man-
oeuvres. However, these authors’ pathophysiological
explanations differed, with Turowski et al. favouring a

FIG. 2

Initial coronal computed tomography scan showing pneumatisation
of the occipital condyles and upper three cervical vertebrae.

FIG. 3

Initial sagittal computed tomography scan showing extensive cra-
niocervical pneumatisation, including free air in the soft tissues.
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theory of spread through soft tissues, and Littrell et al. pos-
tulating a defective eustachian tube acting as a ball-valve
and raising air pressure in the mastoid air cells. Al Felasi
et al.7 and Martin et al.3 both described less extensive
cases in a wind-instrument player and a patient with a
chronic cough, respectively. Whilst the former authors pro-
posed a mechanism of micro-fractures caused by pressure
changes in the mastoid air cells, the latter supported the eus-
tachian tube ball-valve theory, and suggested that persistent-
ly raised middle-ear pressure could lead to an erosive process
of bony destruction capable of crossing the temporo-occipi-
tal synchrondosis and atlanto-occipital joints.3

• Pneumatisation of the craniocervical junction is
rare and its aetiology poorly understood

• A case of advanced craniocervical
hyperpneumatisation is presented

• All reported cases have a history of raised middle-
ear pressure, minor trauma or both

• Bony destruction appears to result from increased
middle-ear pressure

• Hyperpneumatisation crosses synovial joints via
either micro-fractures or congenital assimilation of
bones

• Conservative management and repeated imaging
is recommended

The patient described in the current report had evidence of a
patulous eustachian tube. By performing the Valsalva man-
oeuvre and producing positive pressure in the middle ear,
the patient was able to tense the tympanic membrane, thus
reducing his autophony symptoms. It is plausible that his

repeated Valsalva manoeuvres eventually produced a eusta-
chian tube mucosal fold which acted as a ball-valve, prevent-
ing dissipation of raised middle-ear pressure; over time, this
positive pressure led to the development of hyperpneumati-
sation. The exacerbation of symptoms following minor
trauma may be explained by micro-fractures at the atlanto-
occipital joint allowing communication between the pneu-
matised and fragile occipital bone and the cervical vertebrae.

An interesting consideration is the possibility of congenital
abnormalities resulting in bony continuity at the craniocervical
junction.9 Atlanto-occipital assimilation may result in a direct
path for pneumatisation to cross seemingly intact joints, and
was the mechanism proposed by Saddler et al.8 in their report
ofatlanto-occipital pneumatisation in apatientwith a rudimental
atlanto-occipital joint. Atlanto-occipital assimilation is asso-
ciated with increased prevalence of fusion of the axis and
third cervical vertebra;9 this is relevant, as in both our case
and the similarly advanced case reported by Turowski et al.4

FIG. 4

Coronal computed tomography scan after three weeks of abstaining
from performing the Valsalva manoeuvre, showing opacification of

the previously pneumatised bones.

FIG. 5

Sagittal computed tomography scan three weeks after presentation,
showing significant improvement.

CLINICAL RECORD 383

https://doi.org/10.1017/S0022215114000097 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215114000097


pneumatisation did not spread beyond the third cervical verte-
bra, and there are no reports of the process involving the fourth.
Hyperpneumatisation of the craniocervical bones has the

potential for serious complications. Pneumatised and weakened
cervical vertebrae are more susceptible to traumatic injury, and
the spread of air across the synovial joints of the craniocervical
junction raises the possibility of spread of pathogens from the
nasopharynx and middle ear. Treatment reported by other
authors has ranged from advising against performing the
Valsalva manoeuvre,6 through steroid nasal spays,5 to myrin-
gotomy and grommet insertion,3,4 and in one case surgical
exploration and obliteration of airspaces using bone and fat
grafts.7 As our case demonstrates, addressing the cause of
raised middle-ear pressure may result in both a rapid improve-
ment in symptoms and a reversal of the pathological process.
Whilst the mechanism of pneumatisation of the bones of

the craniocervical junction remains unclear, the present
case adds to the evidence in favour of a theory of positive
pressure in the middle ear, with micro-fractures facilitating
spread across joints. As more experience of the condition
is being reported, it seems that a pattern of raised middle-
ear pressure and physical trauma or barotrauma is emerging.
The present case also highlights the effectiveness of conser-
vative treatment, with the emphasis being placed on behav-
iour modification.

Conclusion
Pneumatisation of the craniocervical junction is rare, and the
aetiology of this condition is poorly understood. This paper
presents an advanced case of craniocervical hyperpneumati-
sation, and examines possible aetiological factors in previ-
ously reported cases. All cases have in common a history
of raised middle-ear pressure, minor trauma or both. Bony
destruction appears to result from increased middle-ear pres-
sure. The process of hyperpneumatisation crosses synovial
joints either via micro-fractures or congenital assimilation
of bones.

We recommend that this condition be managed conserva-
tively, with repeated imaging.
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