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Safe Zones for Temporal Muscle Hook Retraction: A Technical Note
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-BACKGROUND: The temporal muscle (TM) needs to be
dissected and reflected downward in some anterolateral
cranial approaches, and failing to preserve its integrity
could have severe functional and cosmetic consequences.
Most articles focus on techniques to prevent vascular injury
during retrograde dissection or techniques to preserve the
facial nerve; however, information on how to take care of the
muscle during hook retraction is limited. We presented an
anatomic study of vascularization of the TM, and we
established safe areas for muscular hook retraction.

-METHODS: We dissected 16 TMs in 8 cadaveric heads.
The TM was reflected downward, and we measured the
distance between the anterior branch of the posterior deep
temporal artery (PDTA) and the frontozygomatic suture and
the distance between the posterior branch of the PDTA and
the external auditory meatus projection.

-RESULTS: The average distance between the anterior
branch of the PDTA and the frontozygomatic suture was
19.5 mm (range, 14e26 mm). The average distance between
the posterior branch of the PDTA and the external auditory
canal was 37.1 mm (range, 31e43 mm). We established 2
safe zones for hook placement: an anterior safe zone 14 mm
posterior to the frontozygomatic suture and a posterior safe
zone 30 mm anterior to the external auditory meatus.

-CONCLUSIONS: We delimited 2 safe zones for hook
placement during TM retraction aiming to avoid direct
vascular damage in anterolateral cranial approaches.
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INTRODUCTION
he temporal muscle (TM) partially covers the lateral sur-

faces of the frontal, sphenoid, and squamous portion of
T the temporal bones, so it needs to be reflected down-

ward in some anterolateral cranial approaches. The mobilization
of the TM has often been associated with atrophy caused by

direct damage to the muscle’s fibers or by indirect injury to the
neurovascular supply.1-4 TM atrophy has severe functional con-

sequences. Patients have presented with limitations during
chewing, pain, and malocclusion. It could also have disfiguring

cosmetic consequences because of the hollowing of the tem-
poral area.4

Most articles focus on techniques to prevent vascular injury
during retrograde dissection2 or techniques to preserve the facial

nerve during flap dissection5-8; however, information on how to
take care of the muscle during hook retraction is limited. We

believe it is essential to understand the distribution of the deep
TM vascularization because it plays a critical role in sustaining

muscle vitality. In this article, we presented an anatomic study of
the vascularization of the TM, and we established safe areas for

muscular hook retraction in anterolateral cranial approaches to
avoid injury of the posterior deep temporal artery.
MATERIALS AND METHODS

Anatomic Study
We dissected 16 TMs in 8 cadaveric heads. We did 10 TM
dissections at the Laboratory of Microsurgical Neuroanatomy
at the University of Buenos Aires, Argentina, and 6 TM dis-
sections at the Skull Base Laboratory in Brigham and
Women’s Hospital, Harvard University, Boston,
Massachusetts.
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TECHNICAL NOTE
The 8 heads were fixed in a 10% formalin solution, and the
arteries and veins were injected with colored red and blue
latex, respectively. We carried out the dissection in a step-
wise manner, performing a pterional approach initially and
then a transzygomatic approach. We mobilized the TM with
retrograde dissection and then carefully dissected the deep
fascia to expose the deep temporal arteries. We also had to
expose the frontozygomatic suture anteriorly and the pro-
jection of the external auditory meatus posteriorly to measure
the safe zones. The TM was reflected inferiorly simulating a
real-life scenario, and we measured the distance between the
anterior branch of the posterior deep temporal artery (PDTA)
and the frontozygomatic suture and the distance between the
posterior branch of the PDTA and the external auditory
meatus projection. We calculated the average distances and
the range between these 2 points to determine the safe
zones for muscle retraction.

All dissections were performed under the microscope using
an electronic digital caliper ruler to measure the distances.
During each dissection, we took multiple photographs to
control the measurements and to illustrate the anatomy of
the vessels. We used a Nikon D7200 (Nikon Corporation,
Tokyo, Japan) camera with a Micro-NIKKOR 40mm f/2.8
(Nikon Corporation) objective and annular flash. All photo-
graphs were taken using a tripod, and the camera was equally
configured for all images, using a 20 diaphragm, 100 shutter
speed, 250 ISO, and 1/128 annular flash.

RESULTS

After we reflected the TM in the 8 cadaveric specimens, we

found the deep arteries colored in red. In the middle of the
muscle, we found a common arterial trunk located in the deep

temporal fascia (Figure 1). This trunk was the PDTA, and it was
the primary vascular supply for the TM. In all specimens, the

PDTA was a lateral branch of the maxillary artery and had an
anterior and posterior division (Figure 2). We had also located a

smaller, more anterior branch, the anterior deep temporal
Figure 1. Progressive dissection of a right temporal
muscle illustrating the vascular anatomy. (A) Lateral
view of a right pterional approach with subperiosteal
dissection of the temporal muscle to protect the deep
temporal fascia. (B) Note the relationship between the
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artery, but it was dismissed from our measurements because

of its size and inconsistency in our specimens.

The average distance between the anterior branch of the PDTA
and the frontozygomatic suture was 19.5 mm (range, 14e26
mm). The average linear distance between the posterior branch
of the PDTA and the external auditory meatus was 37.1 mm

(range, 31e43 mm). We therefore established 2 safe zones for
hook placement according to the measurements we had made in

the laboratory: an anterior safe zone that is 14 mm posterior to
the frontozygomatic suture and a posterior safe zone that is 30

mm anterior to the external auditory canal (Figure 2). In placing the

retractions in these safe zones, none of the cadaveric specimens
had compression of the PDTA.

DISCUSSION

The TM needs to be dissected and reflected downward in some
anterolateral cranial approaches, and failing to preserve its

integrity could have severe consequences. Some patients may
experience cosmetic and functional abnormalities secondary to

muscle atrophy, such as limitation during chewing, pain, disc
displacement, joint sounds, masticatory abnormalities, and facial

asymmetry.4

Several authors have reported techniques to prevent TM atrophy

during pterional,3,7,9-11 orbitopterional,12,13 zygomatic,14-16 and
pretemporal17 approaches. These authors highlighted the

importance of doing a correct subperiosteal muscular
dissection to avoid injuries to the deep temporal arteries. They

also strongly discouraged the use of monopolar cautery,
especially against the muscle, and recommended an

osteotomy in the zygoma in cases where excessive retraction
is needed to expose the temporal fossa. Spetzler and Lee3

suggested to preserve a small cuff of the muscle attached to
the skull to maintain muscle tension and prevent atrophy.

Zager et al.10 proposed microfixation of the TM using
microscrews, eliminating the incision across the muscle’s

fibers. Horimoto et al.6 described a subfascial temporal
dissection, in which the TM was reflected inferoposteriorly

without the need of incision of muscle. Most of these
deep temporal vessels and the fibers of the temporal
muscle. DTF, deep temporal fascia; TM, temporal
muscle; STF, superficial temporal fascia; PDTA,
posterior deep temporal artery.
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Figure 2. Progressive dissection of a left temporal
muscle illustrating the safe zones for hook position. (A)
Lateral view of a left pterional approach. The muscle
has been reflected downward to expose the location of
the anterior and posterior branches of the posterior
deep temporal artery. (B) The 2 safe zones have been
exposed, and the hook retractors were placed within
the safe margins of 14 mm posterior to the
frontozygomatic suture and 30 mm anterior to the
external auditory canal projection. (C) Progressive

dissection reveals the relationship between the anterior
and posterior branches of the deep temporal artery and
the hook retractors located within the safe zones. (D)
The vascular zone is demarcated with a red triangle.
This zone should be avoided when placing the hook
retractors. PDTA, posterior deep temporal artery; ASZ,
anterior safe zone; PSZ, posterior safe zone; TL,
temporal lobe; FL, frontal lobe; AB, anterior branch; PB,
posterior branch; VZ, vascular zone.

Figure 3. Artist’s illustration of the vascular anatomy of
the temporal muscle and the safe zones. (A) Lateral
view of the anatomy of the anterior and posterior deep
temporal arteries and their relationship with the
temporal muscle. The 2 branches of the posterior deep

temporal artery are also depicted. (B) Representation of
the reflected temporal muscle with the anterior and
posterior deep temporal arteries and the hooks placed
in the safe zones.

WORLD NEUROSURGERY 142: 63-67, OCTOBER 2020 www.journals.elsevier.com/world-neurosurgery 65

TECHNICAL NOTE

www.journals.elsevier.com/world-neurosurgery


Figure 4. Surgical photographs showing the use of the
safe zones in a patient. In both approaches, 2 hooks
were sufficient to obtain an adequate exposure of the

temporal fossa. (A) Pterional approach. (B) Pretemporal
approach. ASZ, anterior safe zone; PSZ, posterior safe
zone.

Figure 5. Photographs of 2 different models of hook retractors. (A) A
small hook recommended for skin retraction. (B) A large hook
recommended for temporal muscle retraction because the round tip
produces less damage to the muscle’s fibers.

TECHNICAL NOTE
recommendations focus on avoiding a direct lesion of the deep

temporal vessels or preserving the muscle’s fibers and the

facial nerve.

In this article,wehave focusedonvascular preservationduringhook
retraction. Excessive downward retraction of the TM jeopardizes

blood flow through the deep temporal arteries causing ischemic
damage. Kadri and AlMefty4 reported pathologic reactions of

ischemia in microvascular occlusion after 15 minutes and
irreversible ischemic damage after 6e8 hours.18 During dissection

of the TM, we usually disconnect the anastomosis between the
middle meningeal artery and the deep temporal artery, leaving the

deep temporal artery as the sole blood supply to the TM. If we
position the hooks over the anterior or posterior branches of the

PDTA during muscle retraction, we could jeopardize the blood
supply to the entire muscle.

To define the optimal areas to place the hook retractors, we did
an anatomic study of the vascularization of 16 cadaveric TMs.

Although an anterior and a posterior deep temporal artery have
been described as the primary source of vascular supply,4 we

found a predominant PDTA as the main vessel in the inner
surface of the muscle. The anterior deep temporal artery was

small and inconsistent in most cadaveric specimens. Once
we had reflected the muscle downward, we established 2

safe areas where the hook would not damage the anterior
and posterior branches of the PDTA (Figure 3). The anterior

hook should be placed 14 mm posterior to the
frontozygomatic suture, and the posterior hook should be

placed 30 mm anterior to the external auditory canal
projection. We chose the frontozygomatic suture and the

external auditory canal as anatomic landmarks because they
are constant in most patients and easy to identify even when

the TM is retracted. We used a ruler to measure the distance
from the anatomic landmarks, and once the safe zones were

identified, it was easy to place the hooks in the desired
location (Figure 4). In all of the cadaveric specimens where

the hooks were placed in these 2 locations, the PDTA
branches remained intact. We also recommend the use of
66 www.SCIENCEDIRECT.com WORLD NE
large hooks with a round tip and no sharp edges because

they allow traction without damage of TM muscle fibers and

prevent compression of the muscle over the zygomatic
process (Figure 5).

We believe it is important to establish these safe zones to pre-

serve the integrity of the TM, as its damage carries cosmetic and
functional deficits that could be devastating for the patient.

Furthermore, it makes no sense to perform a careful dissection
of the deep temporal fascia to protect the muscle’s vasculariza-

tion if afterward we place the hooks over the vessels, causing
postoperative edema, ischemia, and subsequent muscle atrophy.
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.06.187
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TECHNICAL NOTE
Our study has its limitations, such as the high variability between

the different measurements and a small sample size. However,
we believe this work provides the necessary evidence to be a

stepping-stone for new studies in patients.
CONCLUSIONS

We have delimited 2 safe zones for hook placement during TM
retraction with the aim to avoid direct vascular damage in ante-

rolateral cranial approaches.
WORLD NEUROSURGERY 142: 63-67, OCTOBER 2020
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