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Osteopetrosis, or marble bone disease, is a rare genetic disease of bone resorption. It includes a clinically heterogeneous group of conditions 
that are characterized by increased bone density on radiographs due to a defect in osteoclasts. A most common feature of osteopetrosis of the 
temporal bone is hearing impairment. This case-based review describes the potential otologic and hearing manifestations of malignant infantile 
osteopetrosis. The hearing loss can be conductive, sensorineural, late-onset or relapsing. Once the diagnosis is made, referral to an ENT physician 
for hearing evaluation is indicated. Although otitis media with effusion is the most frequent cause of conductive hearing loss with autosomal 
recessive osteopetrotic patients, audiometry after tympanostomy tube placement to check for additional causes of hearing loss is highly rec-
ommended. As otological manifestations may worsen over time, accurate and regular follow-up by audiometry is necessary. According to our 
knowledge, this is the first case report in the literature of dehiscent jugular bulb in a patient with osteopetrosis.

KEYWORDS:  Dehiscent jugular bulb, hearing loss, malignant infantile osteopetrosis, otologic manifestations

INTRODUCTION
Osteopetrosis, or marble bone disease, is a rare genetic bone disease initially described by Albers-Schönberg in 1904. Osteopetrosis 
includes a clinically heterogeneous group of conditions characterized by increased bone density due to a defect in bone reabsorp-
tion by osteoclasts. The osteoclastogenesis as well as the osteoclastic activity may be distorted. This results in excessive deposition 
of immature bone, thickening of the cortical bones, and failure of the outgrowth of spaces in the cranial vault.1-6

ETIOLOGY
Mutations in many different genes have been identified. Osteopetrosis can be inherited in an autosomal dominant (autosomal 
dominant osteopetrosis (ADO), osteopetrosis tarda, or the adult type), autosomal recessive (autosomal recessive osteopetrosis 
(ARO) or malignant infantile type), or X-linked recessive pattern.1,2,5,7-9

Concerning ARO, 2 types exist: osteoclast-rich ARO and osteoclast-poor ARO. Multiple mutations (TCIRG1, CLCN7, OSTM1, SNX10, 
etc.) lead to osteoclast-rich ARO: osteoclasts are abundant but have severely impaired bone resorption function. Due to impaired 
endosomal and lysosomal vesicle trafficking, osteoclasts cannot actively secrete specialized enzymes to dissolve bone mineral and 
degrade bone matrix. Mutations in other genes (TNFSF11, TNFRSF11A, RANK, and RANKL) accounting for osteoclast differentiation 
and activation lead to osteoclast-poor ARO, in which no mature osteoclasts are present.1,2,5-9

Estimating the overall incidence of osteopetrosis is difficult. Previous literature mentions 1 in 250 000 births for ARO and 1 in  
20 000 births for ADO.1-4,6,8
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Clinical Presentation
Clinical symptoms of osteopetrosis vary greatly in their presenta-
tion and severity. The spectrum ranges from neonatal onset with 
life-threatening complications (due to bone marrow failure) to inci-
dental findings of osteopetrosis on radiographs. The increased bone 
mass can result in phenotypic features such as macrocephaly and 
altered craniofacial morphology. In addition, this may paradoxically 
weaken the bone, resulting in a brittle bone with a predisposition 
to fractures and osteomyelitis. More importantly, the increased bone 
mass has an impact on the bone marrow and nervous systems. The 
expanding bone can narrow nerve foramina causing among others 
deafness, blindness, facial palsy, swallowing difficulties, and atro-
phy of the retina. The venous outflow may be compressed too, with 
raised intracranial pressure and hydrocephalus. Severe dental car-
ies, dental abscesses, or delayed tooth development are also com-
mon, as well as growth retardation/failure and delayed psychomotor 
development.1-3,5,7,8,10

ARO, the most severe type, is associated with diminished life expec-
tancy and is fatal if untreated. Symptoms of ARO appear soon after 
birth and may present with early and late-onset neonatal sepsis. 
ARO patients are at risk for developing hypocalcemia with possi-
bly tetanic seizures and secondary hyperparathyroidism. The most 
severe complication is bone marrow suppression. This may result 
in pancytopenia with secondary infections and/or (central nervous 
system (CNS)) bleeding, hepatosplenomegaly, and myeloid meta-
plasia. Hematologic symptoms usually present before neurological 
complications.1-3,5,7,8

This review highlights the middle ear manifestations in malignant 
infantile osteopetrosis.

Diagnosis
Diagnosis is based on clinical and radiographic evaluation, confirmed 
by bone biopsy and genetic testing. Bone biopsy can distinguish 
between osteoclast-poor and -rich subtypes.1-3,6,11

For ARO, early diagnosis and treatment are important in order to 
detect hematologic abnormalities and possible complications early 
and to prevent disease progression before irreversible neurological 
sequelae occur. Most untreated patients will die in the first decade 
due to secondary infections and/or (CNS) bleeding, as a complication 
of bone marrow suppression.1-3,6-8,11

Therapy
Osteopetrosis therapy depends on the symptoms and severity of 
the disease and requires a multidisciplinary team approach. The 
best therapeutic approach for patients with ARO is allogeneic hema-
topoietic stem cell transplantation (HSCT). If HSCT is not appropri-
ate, corticosteroids may be considered. Long-term treatment with 
interferon-gamma can be considered experimental in ARO. Studies 
are in progress to test gene and cell therapies, small interfering RNA 
approach, and novel pharmacologic treatments.1,2,5,6,11

CASE PRESENTATION
Written informed consent for the publication of the clinical details 
and clinical images was obtained from the parents. A copy of the 
consent form is available for review by the Editor of this journal.

This male patient was born after an uncomplicated pregnancy 
and was delivered at 38 gestational weeks by cesarean section 
(because of cephalopelvic incongruence) with a birth weight of 
2840 g (SD −2.0), height of 48 cm (SD −1.0), and head circumfer-
ence of 33.5 cm (SD −1.0). There was no history of consanguinity 
or known genetic disorders in the family. At the age of 3 months, 
he was admitted to the pediatric intensive care unit because of an 
unfavorable course of RSV (respiratory syncytial virus) infection 
with failure to thrive and prominent bulging of the anterior fon-
tanel. Lumbar puncture showed severe intracranial hypertension, 
and CSF (cerebrospinal fluid) analysis was negative for central 
nervous system infection. Further imaging demonstrated exten-
sive external hydrocephalus with the need for ventriculoperi-
toneal shunt placement resulting in rapid improvement of the 
clinical condition. Moreover, a deflection of the growth curve was 
noticed. Radiographs of the entire skeleton showed generalized 
sclerosis of the bone, matching with the diagnosis of infantile 
osteopetrosis.

Bone marrow biopsy confirmed osteoclast-poor osteopetrosis; 
genetic testing found a homozygous TCIRG1 mutation. As the diag-
nosis of ARO was made, he underwent allogeneic HSCT at the age of 
7 months after conditioning with busulphan, fludarabin, melphalan, 
and anti-thymocyte globulin.

After the diagnosis of ARO, he was referred to the department of 
Otorhinolaryngology for clinical and audiological evaluation. He had 
passed the newborn hearing screening and brainstem audiometric 
testing at the age of 7 months (just before allogeneic bone marrow 
transplantation) was also normal. Neurologic and ophthalmologic 
evaluation revealed normal cranial nerve functions except for a sus-
pected impaired vision of the right eye, which was later confirmed as 
a severely impaired right-sided vision.

During further regular follow-up at our Otorhinolaryngology 
Department, recurrent episodes of acute otitis media and oti-
tis media with effusion (OME) have been noted and observed 
since the age of 3 years. There was no increased frequency of 
other upper airway infections and were no signs of upper airway 
obstruction. After a period of watchful waiting, bilateral tympa-
nostomy tubes were scheduled because of persistent OME with 
impact on hearing acuity (Figure 1, free-field audiometry preop-
erative). Peroperatively, a bluish mass was seen behind the right 
tympanic membrane, compatible with a dehiscent jugular bulb. 
Middle ear effusion was present in both ears. Placement of tym-
panostomy tubes was proceeded carefully at an anterosuperior 
position for the right ear. A hearing test postoperatively revealed a 
low frequency, severe conductive hearing loss for the right ear. The 
left ear showed normal hearing (Figure 1, pure tone audiometry 
postoperative).

Cone beam CT scan of the petrous bone showed bilaterally a small 
tympanic cavity with thickened superstructures and footplates of the 
stapes. Furthermore, as clinically suspected, a right dehiscent and 
protruding jugular bulb in contact with the tympanic membrane and 
malleus handle, occluding the round window niche and probably in 
contact with the head of the stapes and the incudostapedial joint 
was detected. On both sides, there was an important upward and 
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medial angulation of the petrous bone apex resulting in a noticeable 
inclined and verticalized tegmen (Figure 2).

Rehabilitation with a conventional or bone-anchored hearing aid 
for the right ear was advised. Until now, after 10 years of follow-up, 
there was no recurrence of otitis media or need for replacing tympa-
nostomy tubes. Audiometric thresholds still remain stable, and good 
functional results are achieved with a conventional behind-the-ear 
hearing aid on the right side. Apart from monocular blindness, the 

patient has a good general health and shows a favorable develop-
ment with stable blood values since allogeneic HSCT.

Clinical and Research Consequences
This case represents a young child diagnosed with infantile ARO at 
the age of 3 months and treated with allogeneic HSCT at the age of  
7 months, presenting with recurrent episodes of acute otitis media 
and otitis media with effusion. Despite the placement of tympanos-
tomy tubes, unilateral conductive hearing loss persisted.

Figure 1. Free-field audiometry preoperative and pure tone audiometry postoperative for the right and left ear.

Figure 2. (A) Axial CBCT of the right temporal bone. Small middle ear cavity (arrows), malleus head (black arrowhead) fixed to the anterior tympanic wall by a 
malleus bar (grey arrowhead). (B) Coronal CBCT of the right temporal bone. Small middle ear cavity (black arrow) with a very steep tegmen (white arrows).  
A dehiscent protruding jugular bulb makes contact with the tympanic membrane and a grommet (grey arrowhead) and the malleus handle (black arrowhead). 
(C) Axial CBCT of the left temporal bone. Very small tympanic cavity (arrows) with almost blocked ossicles. Thickened crura of the stapes (arrowheads). (D) Double 
oblique CBCT images through the left incudostapedial joint. Notice the thickened crura (grey arrowheads), thickened capitulum (arrow), and the thickened 
footplate (black arrowheads) of the left stapes.
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Hearing loss is the most common feature of osteopetrosis of the 
temporal bone for patients with ARO. Both conductive and sensori-
neural hearing loss can be associated.1,4,12-16 Conductive hearing loss, 
estimated to affect 78% of the patients with ARO, is the most fre-
quent.2,16 An overview of previous studies describing otological man-
ifestations in osteopetrotic patients is represented in Table 1. As well 
normal hearing as conductive, sensorineural and mixed hearing loss 
have been associated with ARO; uni- or bilateral, ranging from mild 
to severe. Even some cases describe a late-onset hearing loss (both 
conductive and sensorineural) as being progressive.12,16,17 Relapsing 
hearing loss with tinnitus was attributed to osteopetrosis in 1 study 
based on clinical and radiographic evaluation of the skeleton.18

Different factors contributing to conductive hearing loss in osteope-
trotic patients have been suggested. The leading cause is narrowing 
of the bony portion of the eustachian tube resulting in recurrent epi-
sodes of otitis media with effusion. The associated conductive hear-
ing loss is mostly transient and may require (repeated) placement 
of tympanostomy tubes.1,4,12,16,17,19 Another contributing factor is 
atresia or narrowing of the external auditory canal. Also, ossicular 
deformities due to osteoclast dysfunction can reduce the ossicular 
mobility leading to impaired sound transmission and thus conduc-
tive hearing loss.1,4,12,16,17,19 A study by Kanzaki  et  al.13 analyzed the 
impact of affected auditory ossicles for hearing in osteopetrotic 
mice. Osteoclasts play a significant role in bone resorption, which 
also includes thinning of the ossicles and enlargement of the tym-
panic cavity to ensure maximal vibration. As a result of the distorted 
osteoclastic activity, thicker auditory ossicles and smaller volume 
of the tympanic cavity are seen in osteopetrotic mice compared 
with control mice.13 Actually, a thicker and fixated stapes has previ-
ously been reported in osteopetrosis to cause conductive hearing 
loss.1,15-17,19 Furthermore, the conductive hearing loss in osteope-
trotic patients may be due to a thickened fibrous layer of the tym-
panic membrane. This may also explain the persistent type B on 
tympanometry during follow-up.1,12,16,17 In addition, also sensorineu-
ral hearing loss can be found in patients with ARO. Defective bone 
development and excessive bone formation in the internal auditory 
canal can result in auditory nerve compression causing sensorineural 
hearing loss.4,12,19 Another plausible explanation for the sensorineural 
hearing loss is excessive bone formation compressing cochlear blood 
supply.4,16,19 An overview of the different mechanisms leading to 
hearing loss in osteopetrosis is represented in Table 2. As some cases 
describe a progressive late-onset hearing loss (both conductive and 
sensorineural), this may suggest that the aforementioned otological 
manifestations may worsen with time, resulting in decreased hear-
ing performance.4,20 Even a successful allogeneic HSCT may neither 
prevent nor improve (progressive) middle ear changes due to osteo-
petrosis. Hearing loss has also been reported in ADO but is rather 
rare.2,20 Cranial nerve compression leading to hearing loss would 
affect around 5% of ADO individuals.2 Vestibular symptoms as a part 
of osteopetrosis have rarely been described but are insufficiently 
investigated.1

Concerning our patient with a right-sided conductive hearing loss, 
similar ossicular deformities as described earlier were found on CT 
scan: small tympanic cavity and thickened superstructures and foot-
plates in both ears (Figure 2). However, as our patient did not demon-
strate hearing loss at the left side, we assume that the ossicular changes 
did not lead to ossicular fixation and clinically apparent hearing loss.  

A possible explanation for the unilateral conductive hearing loss in 
our patient is a dehiscent jugular bulb. The jugular bulb is the tran-
sition point from sigmoid sinus to internal jugular vein. It is usually 
located below the floor of hypotympanum and separated from the 
middle ear by a layer of bone.21-27 In 0.5%-1.7%, this bony septum is 
absent which is defined as a dehiscent jugular bulb.23,24 Consequently, 
the jugular bulb can expand and protrude into the middle ear, 
which can be noticed during otoscopy as a red-purplish mass in the 
 posterior-inferior quadrant of the tympanic membrane. Both conduc-
tive hearing loss and pulsatile tinnitus are associated with a dehis-
cent jugular bulb.22-25,27-29 Impinging of the dehiscent jugular bulb on 
the tympanic membrane, middle ear ossicles, or round window can 
cause conductive hearing loss.24,26,27 Furthermore, this important ana-
tomic variation can entail significant morbidity and even mortality 
during middle ear surgery. Several cases of jugular injury and massive 
bleeding, in particular during myringotomy and tympanomeatal flap 
elevation, have been reported in the past.25,27,28

In current literature, the etiology of jugular bulb anomalies is 
poorly understood. Moreover, there is no evidence of a dehiscent 
jugular bulb associated with osteopetrosis. Some studies suppose 
that mastoid pneumatization could play an important role in jugu-
lar bulb development after birth.28,30 A tendency for the develop-
ment of a high jugular bulb in poorly pneumatized mastoids has 
been suggested in 1977.31 One theory proposes that the distance 
from the sigmoid sinus to the external auditory canal is shorter in 
cases of little/absent pneumatization.30 As poor pneumatization of 
the mastoid bone has been associated with osteopetrosis before, 
this could explain the location of the prominent dehiscent jugu-
lar bulb seen in our patient although more recent research found 
no correlation between the pneumatization of the temporal bone 
and the position of the jugular bulb.1,14,16,17,19,31 Secondly, it has been 
suggested that abnormal venous flow is a contributing factor for 
jugular bulb anomalies.30 As described earlier, osteopetrosis can 
result in a compressed venous outflow and increased intracranial 
pressure due to increased bone mass. However, the reason why this 
patient developed a unilateral dehiscent jugular bulb — and not 
 bilaterally—could not be revealed. Lastly, Moore32 related a dehis-
cent jugular bulb to abnormal bone formation and/or bone remod-
eling, for example, as seen in Paget’s disease.32 The contribution of 
abnormal bone remodeling in osteopetrotic patients to the devel-
opment of jugular bulb anomalies is still unclear today, and further 
investigation is warranted.

In summary, it is mandatory to evaluate each osteopetrotic patient 
for hearing loss. The associated hearing loss is mostly of a conduc-
tive and transient nature due to OME, but it is recommended to 
re- evaluate hearing after tympanostomy tube placement as osteo-
petrosis may have other causes of conductive hearing loss. Our patient 
was treated with HSCT at the age of 7 months although recurrent 
middle ear problems and a dehiscent jugular bulb were only estab-
lished around the age of 3 years. Therefore, it is plausible that, even 
after successful treatment, children may develop otological deformi-
ties. Moreover, as late-onset and progressive hearing loss have been 
described in ARO patients, early and subsequent otological and 
audiological follow-up is strongly recommended thus referral to an 
otorhinolaryngologist is highly advised. The maximum age of late-
onset hearing loss is currently unknown; more research is warranted 
to determine the duration of follow-up.
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CONCLUSIONS
This case-based review was performed to inform about the need 
for rapid diagnosis as ARO may entail serious morbidities and 
even cause mortality. Osteopetrosis should be kept in mind as a 
rare cause of primarily skeletal manifestations such as fractures 
and osteomyelitis in late childhood or adolescence. The presence 
of primary neurodegeneration, mental retardation, hematologi-
cal symptoms, or immune system involvement may point to rarer 
osteopetrosis variants.

Furthermore, this case report emphasizes the otological manifesta-
tions of malignant infantile osteopetrosis. The hearing loss can be 
conductive, sensorineural, late-onset, or relapsing. Once the diag-
nosis is made, referral to an ENT physician for hearing evaluation is 
indicated. Although OME is the most frequent cause of conductive 
hearing loss in ARO patients, audiometry after tympanostomy tube 
placement to check for additional causes is highly advised. As oto-
logical manifestations may worsen with time, accurate and regular 
follow-up by audiometry is necessary. According to our knowledge, 
this is the first case report in the literature of dehiscent jugular bulb 
in a patient with osteopetrosis.
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