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Ossicular necrosis following head injury
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Abstract. Ossicular necrosis following head injury. Problems/objectives: The aim of this study is to report on ossicular
necrosis in the middle ear occurring shortly after head injury.

Methodology: Our sample included 3 males and 2 females aged 9 to 37 years who complained of unilateral hearing loss
after a head trauma that had occurred 3 to 6 months previously. The tympanic membranes were intact, and a CT-scan did
not show fracture of the temporal bone. Audiometry showed a unilateral conductive hearing loss in all cases.

Results: On tympanotomy exploration, 4 of the 5 patients had a necrosis of the lenticular process of the incus and
one patient had a necrosis of the posterior and anterior crura of the stapes. Additionally, the incus was displaced at
the incudomalleolar joint towards the promontory in two patients. The long process of the incus was surgically aligned
and adjusted to the head of the stapes through interposition of either temporal fascia or a bone chip. At the 2-year-
postoperative follow-up, the pure tone audiometry showed that the preoperative air-bone gap was almost closed with a
mean of 11.8 dB.

Conclusions: It is possible that the head injury resulted in ossicular displacement in the middle ear with disturbance of
the local vascular supply. Due to the tenuous blood supply to the lenticular and long processes of the incus, this portion
of the ossicular chain, including the stapes suprastructure, may become more vulnerable to an ischemic process and

subsequent necrosis shortly after the head trauma.

Introduction

Head injury may result in frac-
tures of the temporal bone and
damage to the external auditory
canal, middle ear, or cochlea.
Temporal bone fractures are clas-
sically divided into longitudinal,
transverse, and oblique fractures
with the designation indicating the
fracture line relative to the long
axis of the petrous temporal bone.
Trauma to the middle ear usually
manifests as conductive hearing
loss. Conductive hearing loss may
be caused by middle ear hemor-
rhage or ossicular disruption.
Middle ear bleeding and attendant
hearing loss resolves in 60% to
80% of patients within 3 weeks.'
In a few patients, ossicular injury
is the cause of unresolved hearing
loss and may require surgical
intervention.

Although ossicular injuries
usually manifest as a dislocation

or fracture,” to our knowledge
necrosis of the ossicular chain
following head trauma has not
been described previously.

Material and methods

The patient characteristics are
shown in Table 1. There were
3 males and 2 females 9 to
37 years of age. According to their
history, patients 1, 4, and 5
(Table 1) fell off their bicycle and
hit their head against the curb;
patient 2 slid in the bath, and
patient 3 (a child) slid on the cor-
ridor next to a swimming pool
(both hitting their head).

The patients presented in our
clinic 3 to 6 months after the
injury complaining of unilateral
hearing loss. The patients reported
that on the day of the injury they
did not have loss of conscious-
ness, bleeding from the ear,
drowsiness, amnesia, or prolonged

headaches. On admission, the
tympanic membrane was intact in
all patients without sign of recent
perforation. Tuning fork testing
revealed a negative Rinne with the
Weber lateralizing to the affected
ear. Pure tone audiometry con-
firmed a unilateral conductive
hearing loss in all cases, ranging
from 31 to 41 dB across all fre-
quencies (median: 34.8 dB). The
CT scan did not show temporal
bone fracture or other intracranial
abnormalities.

All patients underwent tympan-
otomy exploration a short time
after their admission. Under gen-
eral anaesthesia, a post-aural inci-
sion and tympanomeatal flap was
used in order to expose the
patients’ middle ear.

Results

In patients 1 and 2, a necrosis of
the lenticular process of the incus



132

Table 1
Patients’ age, sex, and side of hearing
loss due to head injury at the time of
surgery (y = years)

Patient Age, sex, side

1. 9y, &, left ear
2. 27y, @, right ear
3. 9y, ?, left ear
4. 15y, &, right ear
5. 37y, &, right ear

was noted (Figure 1). In patients 3
and 4, in addition to necrosis of
the lenticular process of the incus,
the ossicular chain was found to
be discontinuous at the incudo-
malleolar joint and the remaining
long process of the incus was
displaced towards the promontory.
However, a possible incudostape-
dial disarticulation was not
excluded in 3 cases (cases 1, 2,
and 3), but these were without evi-
dence of associated dislocation at
the level of the incudomalleolar
articulation. In all patients (except
case 5), the incus was slightly
manipulated through its long
process in order to be correctly
aligned and adjusted to the head of
the stapes. In patient 5, the poste-
rior and the anterior crura of the
stapes were completely missed. In
patients 1 and 2, a bone chip was
carved out from the cortical bone
of the mastoid and positioned
between the long process of the
incus and the head of the stapes to
bridge the small gap created after
the ossicular necrosis. Similarly,
in patients 3 and 4, a small piece
of temporalis fascia was placed
between the remaining long
process of the incus and the head
of the stapes to facilitate their
anatomical contact. In patient 5, a
piston was positioned between the
long process of the incus and the
footplate.

At the postoperative follow-up
2 years after surgery, the tuning
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fork tests demonstrated a bilateral-
ly positive Rinne and a central
Weber in all patients. Moreover,
the pure tone audiometry showed
that the preoperative air-bone gap
was almost closed with a mean of
11.8 dB.

Discussion

Various forms of ossicular injuries
have been described previously,
such as incudomalleolar joint
separation, dislocation of the
malleoincudal complex, and
stapediovestibular  dislocation.?
Isolated fractures of the long
process of the incus,” malleus
handle,* and arch of the stapes®®
have also been described which
result in conductive hearing loss
to a lesser degree. Incudostapedial
joint and incus dislocation was
found to be the most common
ossicular abnormality in temporal
bone fractures.” The patho-
physiological mechanism of
incudostapedial disarticulation
remains controversial. Some cite
the fragile enarthrosis of the incu-
dostapedial disarticulation as a
contributing factor,” while others

Figure 1

The necrosis of the lenticular process of the incus of a head
injury patient (patient 2) is shown. S = head of the stapes, Inc
= long process of the incus.

refer to the fact that the incus is a
heavier ossicle (27.5 mg) com-
pared with the malleus and stapes.
Also, having only poor ligamentous
support, the incus is more vulnerable
to dislocation, especially when
incudomalleolar joint separation
is associated with incudostapedial
joint separation or a fracture of the
stapes.'” According to an alterna-
tive theory, the dislocation of the
incus results from tetanic contrac-
tion of the stapedius and tensor
tympanic muscles following the
head trauma.'" In this scenario, the
incus is pulled medially while a
similar violent contraction of the
stapedius tendon would pull the
stapes posteriorly.

In our study, the principal
finding was the necrosis of the
lenticular process of the incus (in
4 cases) and of the posterior and
anterior crura of the stapes (one
case). It is possible that the head
injury resulted in ossicular dis-
placement in the middle ear with
disturbance of the local vascular
supply. The blood supply to the
lenticular and long processes of
the incus is irregular and often
tenuous (Figure 2), and may lead
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Figure 2
The irregular and tenuous blood supply to the lenticular and long processes of the incus

is shown.”

to erosion of this portion of the
ossicular chain.” Thus, shortly
after the head trauma, it is
possible that the impairment of the
vascular supply in this segment of
the ossicular chain could lead to
necrosis, either of the lenticular
process of the incus or the
stapes suprastructure. However,
Lannigan et al.” showed that the
vascular anatomy of the lenticular
and long processes of the incus is
similar to that of the short process
and body, and concluded that
necrosis in the lenticular and long
processes could not be related to
vascular insufficiency. They also
demonstrated that the lenticular
and long processes possess a
greater degree of osteoclastic pit-
ting of the bone surfaces than is
found elsewhere on the incus or in
the rest of the ossicular chain.
They also suggested that osteo-
clastic activity may account for
the predilection of this portion of
the ossicular chain to undergo

resorption. Nevertheless, in our
cases, although hypothetical, a
local ischemic process seems
more likely to have occurred
shortly after the traumatic injury
which resulted in ossicular necro-
sis. Apart from other infectious
diseases of the middle ear, a simi-
lar clinical aspect of the missing
lenticular process and suprastruc-
ture of the stapes has also been
encountered in the case of a
patient with diabetes mellitus™
which was attributed to impaired
vascular supply and subsequent
increased osteoclast activity. In
another study,” an absence of the
inferior aspect of the long process
of the incus (but with an intact
lenticular process) was reported in
one case, and it was hypothesized
that since the long process of the
incus undergoes remodeling
through resorption and rebuilding
throughout life, the above clinical
finding was caused by either
failed remodeling or impaired vas-
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cular supply to the incus.
Moreover, a complete loss of the
long arm of the incus was
described in the context of a fami-
ly expansile osteolysis with bony
lesions similar to those found in
Paget’s disease.'

Regarding the surgical correction,
either the ossicles are reshaped
to reconstitute the ossicular chain,
or a hydroxyapatite prosthesis
and cartilage autografts are used
to reconstruct the ossicular chain
following ossicular injury.” In
cases 1 and 2 presented here, a
bone chip was positioned between
the remaining long process of the
incus and the head of the stapes,
as described by Silverstein.” The
temporalis fascia used in cases 3
and 4 had previously been
advocated to be effective in the
subluxation or separation of the
incudostapedial joint with partial
dislocation of the incus.” In this
study,” the temporalis fascia was
similarly interposed between the
long process of the incus and the
head of the stapes. This serves to
minimize the frictional resistance
to movement generated between
these two dry, rough articular
areas to ensure a firm, movable
union of the repositioned incus
with the stapes with full functional
restoration (the follow-up ranged
between 1 and 11 years). Finally,
the necrosis of the stapes
suprastructure in patient 5 was
successfully treated by using a
piston between the incus and foot-
plate as described previously in
fractures of the stapes arch.’”

Conclusion

In conclusion, a displacement of
the incus at the level of the
incudomalleolar and incudostape-
dial articulation can occur fol-
lowing a head injury. Due to the
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tenuous blood supply to the
lenticular and long processes of
the incus, this portion of the
ossicular chain, including the
stapes suprastructure, may become
more vulnerable to an ischemic
process and subsequent necrosis
shortly after the head trauma.
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