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ABSTRACT

This study compared mandibular distraction and vertical ramus oste-
otomy in terms of their effectiveness at increasing access to the cranial base and
distal internal carotid artery. Five fresh-frozen cadavers were used to obtain a
total of ten cranial base exposures. The following two techniques were evaluated
on each of the ten exposures: (1) anterior distraction of the mandible without vi-
olation of the temporomandibular joint capsule, and (2) vertical ramus osteotomy
of the mandible with distraction of the proximal and distal segment. The neu-
trally positioned mandible with the condyle seated in the glenoid fossa served as
the control. The area of surgical access defined by bony and cartilaginous land-
marks was determined for each technique using the nondistracted control as a
baseline.

The vertical ramus osteotomy group provided greater increase in surgical
access with approximately a 99.64% increase compared with the control and a
mean area of exposure of 14.653 cm2. Mandibular distraction provided only a
28.32% increase with a mean area of 9.252 cm2. The control or nondistracted
baseline mean area of exposure was 7.214 cm2. Vertical ramus osteotomy signifi-
cantly increased access to cranial base vascular lesions with minimal morbidity. It
afforded greater and more reliable access than that achieved by the mandibular
distraction technique. The procedure can be completed rapidly with no addi-
tional skin incisions.

KEYWORDS: Mandibular osteotomy, closed carotid artery trauma, carotid
artery aneurysm, reconstructive arterial surgery, endarterectomy
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Figure 1 Highlighted area represents the area of surgi-
cal access as defined by bony and cartilaginous land-
marks and a line drawn from the tip of the mastoid to the
angle of the mandible. The ramus of the mandible over-
lies most of the distal internal carotid artery.

in case reports, but no quantitative data are avail-
able for comparisons. The purpose of this study was
to quantitate the area of surgical access to the cra-
nial base in Zone III afforded by mandibular sub-
luxation (distraction) and VRO.

METHODS AND MATERIALS

Five fresh-frozen cadavers were used to obtain a total
of ten cranial base/ICA exposures. Two techniques
for exposure of the cranial base were evaluated on
each of the ten sides: (1) anterior distraction of the
mandible without violation of the temporomandi-
bular joint (TMJ) capsule, and (2) VRO of the
mandible with distraction of the distal segment and
rotation of the condylar segment. The neutrally po-
sitioned condyle served as the control.

Quantitation of the surgical access was deter-
mined using foil templates with bony and cartilagi-
nous boundaries. The superior boundary was formed
by the external auditory canal, posterior articular
eminence, and posterior aspect of the mandibular
condyle. The inferior boundary was a tangential line
extending from the anterior-inferior to the posterior
-inferior prominence of the mandibular angle. The
anterior boundary was the posterior border of the
mandible. Finally, the posterior boundary was
formed by the external auditory canal and the ante-
rior portion of the mastoid process.

The overlying soft tissue structures were dis-
sected down to the level of the TMJ capsule leaving
the masseter, temporalis, and buccinator muscles
intact. The sternocleidomastoid muscle was sepa-
rated from the mastoid process to facilitate the fab-
rication of the foil templates.

In the nondistracted control group, the con-
dyles were seated into the glenoid fossa and the
mandible was placed into occlusion. When no den-
tition or dentures were available, the interarch dis-
tance was maintained at 25 mm. Outlines of the
baseline area were recorded using acetate transparen-
cies over the previously described landmarks.

Surgical treatment of vascular lesions in
Zone III, specifically those involving the distal in-
ternal carotid artery (ICA), are exceptionally chal-
lenging because exposure is limited. Zone III is de-
fined as the area from the angle of the mandible to
the tip of the mastoid process. Common vascular
lesions include penetrating or blunt trauma, aneu-
rysms, atherosclerosis, and fibromuscular dysplasia.
Although surgical exposure may be adequate to vi-
sualize the pathology, the access is insufficient for
the surgical manipulation needed for optimal repair
due to the bony interference of the angle of the man-
dible and the mastoid process (Fig. 1). The angle of
the mandible further interferes with adequate visu-
alization of the cranial nerves in this region.

Various techniques designed to minimize
these bony restrictions have been described. How-
ever, many of these techniques involve significant
surgical morbidity, such as transection of the infe-
rior alveolar nerve, facial nerve paralysis, and oral
contamination. The two most widely used tech-
niques, namely mandibular subluxation and man-
dibular vertical ramus osteotomy (VRO), have been
associated with low rates of surgical morbidity. The
effectiveness of these techniques has been detailed
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Figure 2 The broken line indicates where the vertical
ramus osteotomy is made. It extends from the depth of
the sigmoid notch to the angle of the mandible. Figure 3 The vertical ramus osteotomy and the distal

segment retracted anteriorly and to the contralateral side
(open arrow). The proximal segment is retracted anteri-
orly and superiorly (solid arrow). The inferior alveolar nerve
(IAN) remains intact in the distal segment.

In the mandibular distraction group, the man-
dible was distracted anteriorly into maximal pro-
trusion while the integrity of the TMJ capsule was
preserved. The area was outlined and recorded as
described above.

In the VRO group, the masseter muscle was
elevated from the ramus. An osteotomy was com-
pleted using a reciprocating saw from the midsig-
moid notch (with a slight curvature) to a point about
4 mm posterior to the antilingular prominence,
which curved anteriorly to the inferior border of the
mandible (Fig. 2). The medial pterygoid muscle was
elevated from the proximal segment, allowing the
condylar segment to be rotated laterally, anteriorly,
and superiorly over the lateral surface of the ramus
while the condyle was maintained in the glenoid
fossa. The distal segment of the ramus was dis-
tracted anteriorly (Figs. 3, 4, and 5), and an acetate
transparency was used to record the exposure area.

All acetate tracings of the exposure area were
scanned into a computer using a Hewlett-Packard
ScanJet 6300Cxi. The area (cm2) of the digitized
image was determined with a custom mathematical
program created specifically for this task (created by
Owen Murphy, Ph.D., Chairman, Computer Sci-
ence Department, California State University, San
Bernardino).

RESULTS

Table 1 shows the area of access in cm2 obtained
for each of the cranial base exposures. The mean
area of access for the control group was 7.214 cm2

(S.D.= 0.451, std. error = 0.143, range = 6.503 to
7.773). The mean area for the distraction group
was 9.252 cm2 (S.D. = 0.734, std. error = 0.232,
range = 7.896 to 10.541). The area of surgical ac-
cess was greater in the VRO group with a mean
area of 14.653 cm2 (S.D. = 1.251, std. error = .370,
range = 12.489 to 16.705). Student’s t-tests were
used to compare the groups (control to test groups
and distraction to osteotomy group), and all com-
parisons were significant (p < 0.01).

Table 2 illustrates the mean percentage in-
crease in area of surgical access among the groups.
The mean increase in area relative to the control
was 28.32% for the distraction group and 99.64%
for the VRO group. The VRO group demonstrated
a mean increase in surgical access of 55.14% rela-
tive to the distraction group (Fig. 6).



68 SKULL BASE: AN INTERDISCIPLINARY APPROACH/VOLUME 13, NUMBER 2 2003

Figure 4 Cadaveric specimen demonstrating anatomi-
cal relationship of the mandibular condyle (c) and ramus
(r), the external auditory canal (eac), and the mastoid pro-
cess (mp).

Figure 5 Cadaveric specimen demonstrating the in-
crease in access obtained with the VRO technique. The
mandibular condyle (c) has been separated and swung
forward from the ramus (r). eac, external auditory canal;
a, internal carotid artery; b, carotid bifurcation.

DISCUSSION

High ICA lesions (Zone III) require increased dis-
tal exposure to a level at or near the cranial base.
Various techniques to gain additional exposure have
been described, but quantitative data are lacking.
Furthermore, many of these techniques are associ-
ated with significant rates of surgical morbidity.

Pellegrini and associates,1 Purdue and col-
leagues,2 and Fisch et al3 advocate radical mas-
toidectomy via preauricular and posterior auricular
incisions in addition to the incision described by De
Palma4 (an incision from behind the ear lobe into
the neck lines inferiorly). The removal of a portion
of the mastoid bone and release of the facial nerve

to the stylomastoid foramen allow distal exposure
of the ICA in the petrous portion of the temporal
bone. This technique, however, is associated with
facial nerve paralysis and, in the technique de-
scribed by Fisch, sacrifice of middle ear function.3

As described by Dichtel and colleagues5 and
McGregor and MacDonald,6 lateral mandibulo-
tomy requires an additional facial incision so that
the mandible can be sectioned anterior to the men-
tal foramen. The mylohyoid muscle is incised so
that the mandible can be retracted anteriorly and
superiorly. The major drawback to this technique is
the inevitable oral contamination, which presents a
significant risk when repair of the lesion involves
vascular grafts.
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Table 1 Area of Surgical Access in cm2

Vertical

Ramus

Specimen Side Control Distraction Osteotomy

1 Right 7.065 8.662 15.032
Left 7.508 9.726 16.705

2 Right 7.03 8.814 14.765
Left 7.525 10.541 15.295

3 Right 6.503 9.037 14.765
Left 6.643 7.896 12.489

4 Right 7.773 9.158 13.523
Left 7.659 9.897 14.372

5 Right 7.565 9.207 13.825
Left 6.865 9.585 14.039
Mean 7.214 9.252 14.653
Standard 0.451 0.734 1.251

Deviation
Standard 0.143 0.232 0.37

Error
Range 6.053–7.773 7.896–10.541 12.489–16.705

As advocated by Batzdorf and Gregarious,7

combined horizontal ramus and vertical body man-
dibular osteotomies result in trans-section of the
inferior alveolar nerve (IAN). The authors state
that the anesthesia of the lower lip and chin associ-
ated with trans-section of the IAN almost always

recovers within 3 months. However, this statement
has been shown to be inaccurate, especially in the
elderly who are disproportionately afflicted with
vascular lesions.8

As proposed by Shaha and associates,9 the
posterolateral approach is quite time consuming. It

Table 2 Percent Increase in Surgical Exposure

Distraction Vertical Ramus Vertical Ramus

vs. Osteotomy vs. Osteotomy vs.

Specimen Side Control Control Distraction

1 Right 22.038 112.77 73.539
Left 29.542 122.5 65.022

2 Right 25.377 110.21 67.517
Left 40.079 103.26 45.1

3 Right 18.862 88.002 58.169
Left 38.966 129.06 64.833

4 Right 29.22 87.649 45.216
Left 17.818 70.269 45.518

5 Right 21.705 82.749 50.157
Left 39.621 89.934 36.305
Mean 28.232 99.639 55.138
Standard 2.735 5.969 3.893

Deviation
Standard 8.649 18.867 12.311

Error
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Figure 6 Bar graph illustrating the percentage increase in surgical access for the distraction and VRO groups versus
the control group and for the VRO group versus the distraction group.

requires sacrifice of the sternocleidomastoid and
posterior belly of the digastric muscles, as well as
the sublingual gland. Furthermore, the angle and
ramus of the mandible still interfere with access
and retraction is required.

As described by Fry and Fry10 and Fischer
and associates,11 mandibular subluxation (anterior
and contralateral distraction) increases exposure to
the cranial base by transforming the triangular op-
erating field into a rectangular field. Fry and Fry
also state that an additional 1.5 to 2 cm of distal ex-
posure can be achieved with this technique.9 How-
ever, the increase in exposure is variable and unpre-
dictable.7,11–13 Fischer and associates11 incorrectly
state that distraction of the mandibular condyle 10
to 5 mm anteriorly displaces the mandibular ramus
20 to 30 mm. The technique of subluxation requires
the placement of arch bars,10 transnasal and circum-
mandibular wiring,11,14 diagonal interdental wir-
ing,14,15 or use of Steinmann pins and jaw wiring15

to maintain the distraction position forward and to
the contralateral side.

Disadvantages of mandibular subluxation in-
clude the possibility of passing beyond a physiologic
translation of the condyle resulting in a pathologic

dislocation associated with the potential for long-
term TMJ pain and dysfunction.11,16 In addition,
rare cases of contralateral vocal cord paralysis and
cerebral infarction caused by impingement of the
recurrent laryngeal nerve and carotid artery between
the angle of the mandible and the transverse verte-
bral process have been reported.11

VROs have been used by oral and maxillo-
facial surgeons17 for many years and are associated
with minimal surgical morbidity. Mandibular VRO
for access to Zone III vascular lesions was first de-
scribed by Welsh et al18 in 1981 and was further
advocated by Larsen and Smead16 in 1992. The in-
cidence of IAN paresthesia is less than 1 to 2%.19,20

The VRO has several advantages compared
with other mandibular osteotomies (i.e., horizontal
ramus,7 lateral mandibular,5,6 and vertical body7).
First, it uses the same surgical incision for carotid
artery exploration. Second, there is no intraoral con-
tamination. Third, it does not require postoperative
intermaxillary fixation. In addition, there is little
risk of damaging the IAN whereas the incidence
approaches 100% with other osteotomies.16 Finally,
it can be performed in less time than the other
osteotomies.
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As described by Boyne, 21 free condylar graft
technique involves a VRO followed by disarticula-
tion of the condyle. This technique affords excel-
lent access but is more radical and potentially is as-
sociated with greater surgical morbidity than VRO
with retraction of the osteotomized segments.

Of all the techniques described for increasing
access to distal ICA lesions, mandibular subluxation
and VRO are effective and associated with little sur-
gical morbidity. VRO has been hailed as affording
superior access.16,17,22 To date, however, no quantita-
tive data were available to support this claim.

In this study, anterior distraction of the man-
dible without violation of the TMJ yielded an aver-
age of 28% more surgical exposure than no surgical
manipulation. VRO with retraction of the osteo-
tomized segments provided an average of 99.7%
more surgical exposure than no surgical manipula-
tion and more than 55% more surgical access than
mandibular distraction.

One reason that mandibular distraction yields
less surgical access may be attributable to existing
TMJ pathology. Restricted range of motion from
an internal derangement limits translation and lat-
eral excursion and therefore the extent of distrac-
tion. If the articular eminence is steep, the transla-
tion of the condyle is mostly in a vertical direction
limiting the amount of forward distraction. Ag-
gressive distraction may yield a pathologic disloca-
tion of the condyle with the potential for long-term
morbidity.

CLINICAL APPLICATION

The surgical technique of VRO may be accom-
plished with either oral or nasotracheal intubation;
there is no need for a tracheostomy. The patient is
positioned supine with a small roll under the shoul-
der to provide mild extension. Using a standard ca-
rotid endarterectomy (medial sternocleidomastoid)
incision, the angle of the mandible may be ade-
quately reached. 4,11,16,23

In some circumstances, the standard parotid-
type incision, which incorporates a pre- and post-
auricular incision with the sternocleidomastoid
(SCM), or a horizontal ramus incision may be
used.1,2,24 Alternatively, the standard horizontal ramus
incision (which begins at the tragus and progresses
two finger-breadths below the posterior angle of
the mandible and forward parallel to the inferior
border of the mandible) may be used with or with-
out extension downward along the SCM.3,9,18 Inci-
sions behind the tragus place the facial nerve at less
risk, with the exception of the horizontal ramus in-
cision where the marginal mandibular branch of the
facial nerve is manipulated. With extensive dissec-
tion of the mandibular angle, the facial trunk also
may need to be dissected free and gently retracted.
The IAN is ventral to the VRO and is at little risk
of injury (Figs. 2 and 3). At the conclusion of sur-
gery, the osteotomy is secured with standard cran-
iofacial microplate fixation.

CONCLUSION

VRO with retraction of both proximal and distal
mandibular segments affords superior surgical ac-
cess to ICA pathology in Zone III than can be
achieved by mandibular distraction techniques.
VRO also is much less dependent on variations in
TMJ anatomy and pathology than mandibular dis-
traction techniques. VRO has a long-standing 
record of low surgical morbidity and can be accom-
plished with little additional surgical time. This
technique may be considered when contemplating
surgical treatment of lesions in Zone III.
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