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Abstract
Purpose of Review Surgical outcomes data related to temporal bone malignancy can be challenging to interpret and
apply to a specific patient population due to the overall rarity of the disease and the heterogeneity of disease types
often studied in aggregate in this anatomic region. Large institutional series are commonly composed of a diverse
patient cohort, with numerous pathologic entities studied in aggregate despite known differences in biologic
behavior.
Recent Findings Our current aim is to provide a review of recent literature on surgical resection of primary, untreated squamous
cell carcinoma of the temporal bone and examine associated outcomes.
Summary A general overview of temporal bone carcinoma and illustrated, contemporary update of surgical techniques is
additionally provided.

Keywords Squamous cell carcinoma . Lateral temporal bone resection . Subtotal temporal bone resection . Oncology . Head and
neck surgery

Introduction

Primarymalignancy of the temporal bone is rare andmakes up
less than 1% of all head and neck tumors [1, 2], affecting an
estimated rate of 1 person per million people every year with
the highest incidence affecting adults in the 6th to 7th decade
of life [3].

Pathology, Pathologic Examination,
and Staging

In contrast to more commonly encountered sites of head and
neck malignancy such as oral cavity or laryngeal squamous
cell carcinoma, there is no universally accepted staging system
in place for staging of primary temporal bone carcinoma [4].
The institutional pathology and surgery teams should mutually
agree on a preferred staging system for primary temporal bone
carcinoma. At our institution, the modified University of
Pittsburgh staging system is accepted for use in cases of prima-
ry temporal bone carcinoma [4] (Table 1). The International
Collaboration on Cancer Reporting has developed readily ac-
cessible guidelines for the pathologic reporting of multiple or-
gan sites, including the ear at http://www.iccr-cancer.org.

Surgical Technique

The main surgical goal of any temporal bone surgery is com-
plete tumor removal and limiting morbidity and damage to
adjacent structures [5]. The definitive treatment for temporal
bonemalignancies is a temporal bone en bloc resection, which
depending on the extent of the disease can be lateral temporal
bone resection (LTBR), subtotal temporal bone resection
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(STBR), or total temporal bone resection (TTBR) Fig. 1.
Parotid involvement is not unexpected, making parotidectomy
a common complementary procedure when performing a tem-
poral bone resection [3, 6–10]. While facial nerve resection is
described [3, 7, 9, 11], it should be reserved for those cases in
which definitive nerve involvement is identified. Surgical
treatment is contraindicated in cases where there is a compro-
mise of structures such as brain, cavernous sinus, carotid ar-
tery, paraspinous musculature, cervical spine, distant metasta-
sis, and/or poor general health [12]. Involvement of the
infratemporal fossa is not a contraindication to a surgical re-
section and negative margins can be achieved in a significant
number of patients.

Lateral Temporal Bone Resection

& A postauricular C-shaped incision (1 cm posterior to the
postauricular sulcus) or a preauricular incision may be

used, the last one preferred when doing a large
parotidectomy. The incision can be extended inferiorly
when a neck dissection is needed.

& The skin flaps are elevated to the parotidomasseteric and
temporalis fascia anteriorly and above the temporalis, mas-
toid bone, and sternocleidomastoid fascia posteriorly. The
conchal cartilage and tragus can be resected if needed. The
anterior skin flap is extended deep to the temporalis fascia at
the zygomatic root if the retromandibular area is included.

& EAC is closed into a blind sac if the lateral canal is free of
disease, and is reinforced with an anterior musculoskeletal
flap.

& Sigmoid sinus and middle cranial fossa dura are exposed
by performing a cortical mastoidectomy.

& An extended facial recess approach (posterior tympanotomy)
is performed to inspect middle ear space and disarticulate
incudostapedial joint (Fig. 2).

& Mastoidectomy is extended to the root of the zygoma and
the epitympanum is opened (Fig. 3).

& The tympanotomy is extended inferiorly to the
hypotympanum and the chorda tympani is transected

& Anterior epitympanic region is then drilled and extended
anteroinferiorly and medially to reach the superior portion
of the TMJ.

& Hypotympanic opening is extended anteriorly, lateral to
the jugular bulb and internal carotid to reach the inferior
part of the TMJ. It may be necessary to raise the facial
nerve from the stylomastoid foramen to the second genu in
order to drill the hypotympanic region.

& Pressure should be applied to the specimen in anterior
direction to remove it. If there is resistance encountered,
a 2-mm osteotome can be used via posterior tympanotomy
(Fig. 4). When there is a narrow posterior tympanotomy
(facial nerve to tympanic annulus), the temporal bone is

Fig. 1 Diagram that illustrates the structures that are removed with each
technique

Table 1 Modified University of Pittsburgh staging system for temporal
bone malignancy

Status description

T status

T1 Tumor limited to the EAC without bony erosion
or evidence of soft tissue extension

T2 Tumor with limited EAC bony erosion (not full
thickness) or radiographic finding consistent
with limited (< 0.5 cm) soft tissue involvement

T3 Tumor eroding the osseous EAC (full thickness)
with limited (< 0.5 cm) soft tissue involvement,
or tumor involving middle ear and/or mastoid

T4 Tumor eroding the cochlea, petrous apex, medial
wall of the middle ear, carotid canal, jugular
foramen, or dura, or with extensive (> 0.5 cm)
soft tissue involvement; patients presenting
with facial paralysis

N status

N0 No regional nodes identified

N1 Single ipsilateral regional node < 3 cm

N2a Single ipsilateral regional node 3–6 cm

N2b Multiple ipsilateral regional nodes 6 cm

N2c Bilateral or contralateral regional nodes

N3 Bilateral or contralateral regional nodes

M status

M0 Absence of distant metastatic disease

M1 Presence of distant metastatic disease

Overall stage

I T1N0M0

II T2N0M0

III T3N0M0

IV T4N0M0, T1–4N1M0, T1–4N0–3M1
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fractured anteriorly, enlarging the space and facilitating
the drilling and clean excision of the specimen (Fig. 5).

& Muscle fascia is used to plug the Eustachian tube.
& Obliteration of the mastoid cavity is done to prevent

osteoradionecrosis after radiation therapy.
& The wound is closed in multilayered fashion. A padded

compression dressing may be applied.

Subtotal and Total Temporal Bone Resection

This technique is used to extirpate tumors that are medial to
the tympanic membrane, into the mastoid or have facial nerve
involvement and will result in the exposure of air cells of the
petrous apex.

As its name implies, a TTBR is a total en bloc resection of
the temporal bone, including petrous apex, sigmoid sinus, and
occasionally the petrous internal carotid artery. En bloc

resection of the sigmoid sinus and/or internal carotid artery
adds little survival benefit and thus it will not be discussed
[13]. Herein, we will describe the technique for STBR. A case
example is presented on Fig. 6.

& The skin incision should allow access to the middle cranial
fossa and mastoid, parotid, and retromandibular fossa. A
C-shaped incision from the frontotemporal region (6–8 cm
above the auricle) extending it 4–5 cm postauricularly and
4 cm below the mandibular angle into the submental
region.

& The superior flap is elevated prior to the elevation of the
temporal muscle.

& A temporal craniotomy is done. A drill hole is performed
at the asterion in order to find the lateral and sigmoid
sinuses junction. The craniotomy will measure 6 × 4 cm
typically extending to the zygoma root.

& The middle cranial fossa dura is dissected from the
anterosuperior petrous bone, and inspected to ascertain

Fig. 3 Anterior extension of the hypotympanic opening towards inferior
aspect of temporomandibular joint

Fig. 4 Liberation of the anterior component of the tympanic plate with
2 mm osteotome

Fig. 2 Cortical mastoidectomy with extended posterior tympanotomy

Fig. 5 Removal of the specimen
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that the tumor can be resected. If dura involvement is
encountered, it may also be excised.

& The sigmoid sinus and jugular bulb are exposed with a
high speed drill. Dura anterior to the sigmoid is then ex-
posed and permits dissection of the dura with the posterior
aspect of petrous bone towards the internal auditory mea-
tus and pars nervosa (jugular foramen). The dura in the
area is inspected for tumor involvement.

& Procedures such as total parotidectomy, neck dissection,
and/or resection of additional structures are performed

& The sigmoid sinus may be opened and packed with hemo-
static plug proximally and distally down towards jugular
bulb if necessary. Sometimes the sigmoid sinus can be
preserved.

& The carotid canal anterior to the jugular bulb is opened and
the carotid is followed.

& An osteotomy is made across the petrous bone to get to the
carotid canal anteriorly and the wall of the jugular fossa
inferiorly, with attention to avoid cranial nerve damage

& A final medial to lateral cut is done to complete the joining
the area of the glenoid fossa or zygomatic root (across the
middle cranial fossa floor) to the foramen ovale and carot-
id canal.

& From the posterior surface of the petrous bone,
anteroinferiorly pressure is applied to free the specimen.

In case there is soft tissue attachments, they can be divid-
ed, and if there is bleeding from the inferior petrosal sinus,
hemostatic packing can resolve it.

& Close the residual dural defects with primary closure, tak-
ing into consideration that large-sized defects may require
fascial grafts.

Reconstruction Techniques

Reconstruction of the temporal bone and lateral skull base
requires a wide armamentarium of operative techniques to
provide adequate functional and cosmetic restoration.
Depending on the extent of extirpation required for oncologic
control, the resulting defects can include soft tissue, nerve,
bone, dura, or a combination thereof. It is therefore imperative
that a systematic, algorithmic approach be followed to achieve
a sufficient restoration. Principles for repair of the lateral skull
base defect include (1) obtaining a watertight dural seal if a
dural defect is present; (2) obliteration of all dead space; (3)
restoration of soft tissue bulk; (4) restoration of bony defects,
particularly those that may result in craniofacial deformity or
brain herniation; and (5) cranial nerve repair with nerve

Fig. 6 aAxial T1 image, post gadolinium contrast-enhanced and with fat
saturation. b Axial T1 image, post gadolinium contrast-enhanced and
with fat saturation technique. The mass is in the hypotympanum and is
lobular and larger at this level (white arrows). Note mastoid complex
opacification without enhancement (black arrows), characteristic for
benign fluid. There is normal enhancement in the left proximal sigmoid
sinus (black long arrow). c Lateral view of temporal bone resection.

Anterior (black arrow) and superior (blue arrow) surfaces indicated.
Portion of lateral (cartilaginous) external auditory canal visible
(asterisk). d Superior view of temporal bone resection. Anterior (black
arrow) and lateral (red arrow) surfaces indicated. e Cross section of
temporal bone resection after formalin fixation. Anterior (black arrow)
and superior (blue arrow) surfaces indicated. Tumor invading tympanic
membrane and ossicular tissue (asterisk) and temporal bone (green arrow)
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grafting and transfer as indicated. Depending on the extent of
the defect, some or all of these principles may require adoption
for an adequate reconstruction. An additional factor to consider
in the reconstructive decision is the need for possible adjuvant
radiation therapy, which can affect wound healing and ultimate
soft tissue bulk. A well-vascularized reconstruction is therefore
necessary to avoid post-operative wound complications.

Free tissue transfer has become the standard method of
reconstruction for large defects, particularly those with both
bony and soft tissue components [7]. Composite free flaps, in
particular, can provide the necessary vascularized bone and
soft tissue constituents in a single flap. The bony constituents
can be used to restore existingmaxillary or mandibular defects
while the soft tissue constituents can be used to create a wa-
tertight dural closure, obliterate dead space, and replace miss-
ing skin or subcutaneous tissue. The subscapular system offers
a wide variety of composite flap options, which makes it an
ideal system for use in these conditions. Regional flap recon-
struction can be considered for smaller defects isolated to the
lateral skull base, particularly those with minimal dead space
requirements and only a need for vascularized tissue overlay
following dural closure. A common regional flap employed
for these conditions is the temporalis muscle flap. Free flap
options for these same conditions include the anterolateral
thigh free flap and rectus abdominis free flap [14].

Cranial nerve repair, particularly involving the facial nerve,
is often a requirement following lateral skull base resection.
The method of facial nerve reconstruction is dependent on the
availability and integrity of the remaining nerve segments. If
the proximal facial nerve stump is available, then segmental
interpositional nerve grafting should be employed to all re-
maining distal branches. Common donor nerves include the
cervical sensory nerves, sural nerve, and nerve to vastus
lateralis. If the proximal facial nerve is unavailable, then facial
nerve transfer should be employed using either the masseteric
or hypoglossal nerve as the donor source. If nerve procedures
are not possible, then regional or free muscle transfer may be
indicated. Additionally, static procedures (e.g., midfacial
sling, upper lid weight, brow lift, etc.) may be indicated in
conjunction with dynamic procedures [11].

Complications

Pre-surgical counseling of patients requiring a temporal bone
resection is critical as a spectrum of possible post-surgical
deficits may be encountered such as hearing loss, tinnitus, loss
of taste, and transitory vertigo. Where dissection of the
infratemporal fossa is required, post-operative trismus can be
problematic for patients. An extended procedure such as
STBR requires facial nerve sacrifice and patients must be
counseled regarding expected loss of function and inherent
cosmetic consequences (see cranial nerve repair, prior

section). Even in those cases of LTBR in which the facial
nerve is preserved, unintended injury to the nerve, most often
temporary, can result from the thermal effect of rotary instru-
mentation requiring the adjacent dense bone. Complications
involving the intracranial compartment such as meningitis or
cerebrospinal fluid are exceedingly rare. Complications relat-
ed to free tissue transfer and reconstruction may occur at the
donor and/or recipient site. Surgical experience, center vol-
ume, patient age, and patient medical comorbidities represent
possible variables influencing ablative and reconstruction
outcomes.

Literature Review of Surgical Outcomes

A PubMed database query was performed to search for
English language publications pertaining to surgical manage-
ment of primary, untreated temporal bone squamous cell car-
cinoma in patients published in the last 5 years (2013–2018).
Patients with recurrent temporal bone carcinoma, prior history
of radiation therapy to the area, peri-auricular facial skin or
external ear cutaneous malignancy, melanoma, and salivary
gland adenocarcinoma were excluded. This specific search
yielded six publications detailing the surgical management
and outcome of 132 patients (Table 2) [15–17, 18••, 19•, 20].
Table 2 shows the study population size, spectrum of tumor
stage, and selected surgical resection technique in relation to
tumor stage. Forty-two T1 and T2 tumors were treated uniform-
ly with LTBR, with a small group of patients in Ghavami et al.
[19•], treated by a modified LTBR sparing the tympanic
membrane and ossicles. The remaining 90 more advanced
tumors were treated with a spectrum of surgical techniques;
LTBR, STBR, and in some cases TTBR, however, lacked detail
within the studies and precluded more specific calculations.
The mandibular condylar complex was resected in some cases.
The use of superficial or total parotidectomy was uncommon in
T1 tumors, but frequency of this procedure increased and was
nearly uniformly utilized in advanced-staged tumors. In the
current cohort reviewed, surgical management of the neck
was omitted for T1 tumors, but similar to parotidectomy,
increased in frequency with advancing tumor stage. Post-
operative radiation therapy was performed on a case-by-case
basis dependent on the final pathology report (i.e., positive
margins, or other) in T1 and T2 tumors, and uniformly included
in T3–T4 primary temporal bone squamous cell carcinoma. In
all 42 cases of T1–T2 primary tumors, overall survival was
reported as 100%, though the mean follow-up interval was
short and ranged from 27 to 46.7 months. Overall survival
was reduced in T3 tumors and ranged between 50 and 100%,
and for patients with T4 tumors, 33.3 to 50%within a relatively
short follow-up period of 25.5 to 46.7 months. While the six
studies reviewed herein each identified and presented
parameters of interest, comparison studies remained difficult
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as some variables that may have an impact on outcome were
not readily or uniformly identifiable in each paper (Table 3).
Detailed reporting of variables in future studies could facilitate
interpretation of outcomes and comparison between studies.

Discussion

Based on the literature, the treatment for temporal bone ma-
lignancies should include a temporal bone resection tailored to
disease extent. The use of post-operative radiation therapy for
early-stage disease will be influenced by final pathology
reporting. Patients with locally advanced tumors such as T3–
T4, or those of aggressive tumor features such as lymph node
metastasis, will benefit from post-operative radiotherapy
which has been shown to increase overall survival [10, 21].
The results of this contemporary review reveal that similar to
prior studies, some T3 and many T4 advanced tumors should
be regarded as aggressive tumors. Recommended surgical
techniques have remained similar over time when compared
to the therapeutic guidelines described in the Belgium
Consensus Conference in March 2002 (Table 4), representing
an attempt to standardize management of these tumors [22].
The senior author disagrees with a blanket statement for

Table 3 Variables of interest in primary temporal bone resection
outcomes

Clinical and Surgical Variables:
Age
Sex
Previous history any radiation treatment to head and neck
Preoperative clinical status of facial nerve
Staging system utilized
Clinical stage
Preoperative imaging type(s)
Temporal bone surgical resection technique
Management of facial nerve
Management of pinna
Management of mandibular temporomandibular joint
Parotidectomy and extent
Neck dissection, and extent
Presence of dural invasion, mastoid invasion, otic capsule invasion,
jugular bulb invasion

Pathologic Variables:
Tumor histologic classification (and differentiation where applicable)
Pattern of growth
Bone invasion
Perineural invasion
Lymphovascular invasion
Intraoperative tumor cut through
Final surgical margin status
Lymph node metastasis, level, and presence of extranodal extension
Pathologic stage

Adjuvant Treatment and Follow-up
Adjuvant radiation provided
Adjuvant chemotherapy provided
Length of follow-up
Complications identified
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palliative treatment of T4 tumors as it depends on the tumor
characteristics that conferred the T4 designation. The role of a
total temporal bone resection which mandates a carotid resec-
tion, however, is not supported by the literature.

Conclusion

The lateral temporal bone resection remains the workhorse of
surgical procedures in this anatomic region. Comparison of
temporal bone resection outcomes remains problematic and
is hampered by the rarity of primary temporal bone carcinoma,
inclusion of malignancy secondarily extending into the tem-
poral bone region yet with inherent differences in biologic
potential, and variability in use of adjuvant therapy and in
reporting of possibly influential variables, including margin
status.
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