
























































The Reformatted Axial CT Examination | 15

degraded. Minor motion may not cause an artifact severc enough to
cause significant measurcment errors, Tt is best to allow the referring
dentist to decided whether a second scan is justified.

Most of the computer programs that were designed to produce
images for the evaluation of dental implants are minor modifications of
the original DentaScan software produced by Multiplanar Diagnostic
Imaging Co and are now available from General Eleetrie Medical
Systems. The programs vary slightly in their display formats, and it is
very simple for snyone familiar with one program to understand and 1o
interpret images on other programs. ‘The setup technique and format-
ting for the DentaScan program will be described. 3D/Dental software
{(Columbia Scientific) will also be discussed, because it has slightly
changed how the printed formats are used.

Two hasic types of reformatting program arve available: those thar
run on the scanner’s on-line computer or a second operator’s console
provided by the manufacturer {eg, DentaScan; 3D/Dental; Siemens
MPR/MPD, Sicmens Erlangen) and those designed to run on free-
standing independent computer workstations (eg, ‘ThothPix, Cemax Inc;
‘Allegro workstation, ISG Technologies). The axial CT data must be
transferred to the workstation on a diskette or tape. The processing can
be performed at the convenience of the technelogist, The images can be
photograpbed on x-ray film or photographic paper or stored on disk for
further processing on a personal computer.

Setup procedure (DentaScan)

Regardless of which type of reformatting software 15 being used, the
setup procedures are similar. For the purpose of the following discus-
sion, the DentaScan program will be used. At the conclusion of this sec-
tion, representative images will be displayed from some of the other
comumonly used programs.

At the completion of the CT examination, the operator has a stack
of axial scans stered on the disk drive. A representauve scan from that
stack (usually thé center slice) is displayed on the viewing sereen. Using
a trackball, the technologist identifies a serfes of data points buccal 10 the
midzone of the bone. The computer then creates a curve by connecting
the dots through the alveolar ridge. This curve should parallel the inner
and outer cortices (Fig 2-54).

Once the technologist iy satisfied that the curve is smooth and is likely
to produce symunetric panoramic views, a command is given to draw a
serics of cqually spaced lines that are perpendicular to the original curve.
‘These lincs arc calculated to represent true cross-sectional oblique
views. I'hey are not parallel to each other hecause the inner cortex of the
jaw imakes a tighter curve than the outer cortex. The space hetween
these cross-sectional oblique images is variable. An interval of 2.0 min
between slices appears to be adequate in nearly all patients. The lines arc
then numbered sequentially, and the television sereen image is updated
with the new information (Fig 2-5b). If all appears correct to the opera-
tor, the command is given to begin the reformation process.
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Fig 2-6 DentaScan display format for oblique cross-sectional reformations.

The measured distance on the filin will depend on the amount of
magnification or minification created by the camera that makes the
images. If proper filming technique is used and the camera is carefully
maintained, the photographed images can be made life-sized and all
measurements can be made directly from the sheets of x-ray film. "lo
prevent errors, a millimeter ruler, labeled wem, is displayed below the
axial scans on cach set of images. This ruler allows calculation of the
magnification factor of the film.

To ensure the most precise determination of the magnification factor,
the distance between 100 tick marks should periodically be measured.
‘I'hat distance should actvally measure 10,0 cm. (It is best to measure a
relatively large number of tick marks to decrease the total error caused
by measuring short distances with relatively thick rulers.) If 100 tick
marks on the film measure less than 100.0 mm, any measurement made
directly from the film will underestimate the actual distance. I this dif-
ference is less than 4.0 mm, the scan should be considered as if it were
life-sized, because this small error will provide a safety margin for the
surgeon; that is, there will be very slightly more hone present than was
expected.

If the measured distance is significantly greater than the expected
100.0 mm, the magnificarion factor is caleulated by dividing 1.0 by the
amount of the actual measurement. Measurements made directly from
the film are corrected by multiplying the measured distance by the mag-
nification factor. Any error made under these circumstances will suggest
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It is useful to practice localizing an anatomic structure in all three
planes, for example, the extraction sockets highlighted on the axial
image in Figure 2-8, on the cross-sectional oblique views in Figure 2-6,
and the panoramic views in Figure 2-7. In Figure 2-8, the most right-
sided extraction is at the position of the 32nd tick mark. 'I'he larger tick
mark, numbered 30, is just distal to the bony concavity. The 32nd tick
mark is small. This localizes the area of interest to the 32nd cross-sec-
tional oblique image. Thus, in Figure 2-6, oblique cross-sectional image
32 shows the extraction socket. The lower tick mark closest to the bone
cavity indicates which panoramic view to evaluate. To locate that tooth
on the panoramic view, the lower tick marks are counted to 3Z. The
numbers begin on the left and continue to the right. With this tech-
nique, it is possible to locate any anatomic structure on all three views.
For practice, the reader should try to locate the bony defects visible on
oblique cross sections 34, 37, and 39,

Fig 2-8 DentaScan display format for mandibular axial vicws.
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The 3D/Dental program

The 3D/Dental program is very similar to DentaScan. Since initially
introduced, it has undergone several revisions that make it more user
friendly to the dentist. A patient identification image displays the digical
scout view and the midline axial scan with the annotated curve and
markers indicating the position of the cross-sectional oblique views (Fig
2-10). Two 5.0-cim rulers are displayed, one in the horizontal planc and
one in the vertical plane, making it easy to check for geometric distor-
tion of the image or camera error.

Page t of 31
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Fig 2-10 30/Dental display format for patient identilication and localization of the
cross-sectional oblique reformations,
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Fig 2-11 3D/Dental display format for mandibular axial views.

T'he axial images of the mandible have been inverted so that the
observer s locking down on the mandible as the dentist would see it
while looking down into the mouth (I'ig 2-11). A minified digieal radi-
ograph indicates the position of the displayed axial slices. A single 5.0-
em ruler is included with cach set of images. The patient’s right is on the
lett side of the picture and is appropriately marked.
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Fig 2-12 3[¥Dental display format for cross-sectional obligue reformations.

The cross-sectional images arc displayed sequendally {Iig 2-12).
Panoramic and axial views have been affixed to the right side of each
series of images with the position ol the cross sections identified. Buccal
and lingual markers are present as part of the upper left-hand image.
The tick marks below each cross-sectional image correspond to the 20
panoramic reformations produced by this program.
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Fig 2-14 3D/Dental display format for maxillary axial views,

The 3D/Dental film format is designed to provide the maximum
information in all three planes on the fewest number of films. For a par-
tially edentulous patient, it is possible to include all of the eritical infor-
mation on a single film. This reduces the amount of tme needed to
make the preoperative measurements.
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Fig 2-17¢ Dimensional Medicine formats (DM,

| Artifacts

The most common artifacts of the dental examination arc those causcd
by the presence of metal within the jaw or teeth and those resulting from
paticnt motion. Direct coronal CT bas already been shown to Dbe
degraded by restorations because the x-ray beam traverses the entire
depth of the metal crown or restoration. This type of artifact also
degrades the reformateed CT" examination, but not nearly as much.

Proper positioning of the patient in the scanner projects crowns and
restorations above the plane of the alveolar bone of the mandible and
below the plane of the alveelar bone of the maxilla. This is because the
cdenmlous arcas typically atrophy and resorb. The axial scans superficial
to the alveolar hone are degraded, while those through the bone are not.
The reformateed images, therefore, project the artifect off the cortical
bone of the alveolar ridge (Fig 2-18a to 2-18¢). If the technologist posi-
tions the patient incorrectly, so that the head is tilted too much, the ard-
fact from a restoration may project through the alveolar bone (Fig 2-18d).
Only patients with metal pins implanted in the bone or other interosseous
metal will show an artifact on properly positioned scans. ‘T'he larger the
number of pins, the more interosscous artifacts will be found.
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Fig 2-18d Improperly angled CT scan with artifact projecting into the alveolar hone.
(From Schwarz MS, Rothman SLG, Chavetz N, Rhades M. Computed tomography
in dental implantation surgery. Dent Clin North Am 1989;33:578. Reprinted with
permission.)

The reformatted C'T examination may not be oversensitive to metal
artifacts, but it is extremely sensitive to the most minute patient motion.
It is impossible to perform an adequate scan on patients with a tremor
or another neurclogic motor disorder. Speaking, swallowing, coughing,
or sncezing will produce motion artifact. There arc two types of metion
artifact, Patients may move during the data acquisition of any axial scan.
In that case, it is obvious that the data set is distorted because the axial
scan Jooks blurry, as if it were double exposed (Fig 2-19). All other axial
scans that do not contain motion are sharp.

Motion in the interval berween axial scans does not distort the axial
views. The cross-scetional oblique and panoramic reformadons, hewever,
will be distorted. The cortical edges become irregular at cach point
where there is motion between the slices (Iig 2-20). If the motion is very
minor it may not interfere with measurement of the height of the alve-
olar bone. If, however, there is a large amount of motion, measuretents
should not be made from the films. Occasionally the motion artifacts
will be on slices inferior to the inferior alveolar nerve canal. In those
cases, measurcrnents can be made because the bone in the surgical field
is well depicted free of artifact.

(On rarc occasions, a black line will be seen on the reformations
extending all the way through the image (Figs 2-21a and 2-21b). This
represents drastically degraded data resulting from the total failure of one
of the axial scans to process correctly. The axial scan will demonstrate
bold streaks across the entire field of view, and no normal anatomic struc-
tures will be visible on the picture.

33
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Figs 2-21a and 2-21b Cross-sectional oblique and panaramic reformations showing an
artifact resulling from the loss of data from three axial scans, There are areas of com-
plete data dropout because of the failed axial slices. The study is still useful hecause the
geometry of the scan is not dislorted.
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Figs 3-1a and 3-16 Mandibular tori. Symmetric densities
project lingually from both sides of the mandibular archs.
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Fig 3-Ta Axial reformation. Fig 3-1b Cross-sectional oblique reformation.

Anteriorly, there are two pairs of spinelike projections of bone to which
attach the genioglossus and the geniohyoid muscles, On oceasion there
is very prominent bony buildup along the inner surface of the bong; this
is called rorus mandibulare, It is generally of no consequence, although it
is rather striking on C1" scans (Figs 3-1a and 3-1b).

External surface of the mandible

The external surface of the mandible is marked anteriorly by the sym-
physis mentalis, which is a small ridge at the point of fusion of the two
halves of the fetal mandible. The mental prowberance is the round for-
ward projection of the mandibular base.

The mental foramen, through which exits the mental nerve, lies
inferior to the second premolar tooth at a level near the center of the
bone. It is the most important external landmark for the implant sur-
geon. The mental foramen should be visible on all mandibular CT
scans. It appears as a crescentic lucency in the external cortex on the axial
views, a forward-projecting opening on the coronal reformation, and a
downward-projecting channel on the cross-sectional oblique images
(Iigs 3-2a to 3-2¢). As the alveolar ridge atrophies, the mental foramen
comes to lie more superiorly, In patients with severe atrophy, the men-
tal foramen may actually lic on the superior surface of the bone

(Figs 3-3a and 3-3b).













Normal Anatomy of the Mandibie

Figs 3-5a to 3-5¢ Varations in position of the inferior alveolar nerve.

4

Fig 3-5a The proximal cross sec- Fig 3-5b On the cross section near Fig 3-5¢ AL the mesial end of the

tion shows the nerve to lie adjacent the midporiion of the canal, the canal, near the mental foramen,

lo the lingua! cortex. nerve “lies near the middle of the the nerve is an the labial side.
hone.

nerve divides into the mental nerve, which curves back on itself and
sweeps upward and toward its labial exit at the mental foramen. The ter-
minal branch continues in one or more very small bony canals to pro-
vide sensory branches to the roots of the anterior teeth. These bony
canals can be identified on the C'1" scans.

"I'he anterior portion of the nerve forms a genu from inferior to supe-
rior. The length of the genu varies considerably. [tis generally thought to
extend approximately 3 mun forward of the mental foramen, but in some
patdents the main trunk of the nerve has been found w projecta full 1 em
beyond the foramen. Recognition of this anatomic variaton is very
important in the anteriorly edentulous patient. The diagnosis is maost eas-
ily made on the panoramic reformations, where it is possible to see most
of the curve on a single image (Figs 3-7a and 3-7b).

The presence of a long genu is also confirmed of the cross-sectional
oblique reformations. Because, in effect, there ere two mandibular canal
cross sections present in the bone in this location, the lower coursing
forward and the upper backward, there will be a “figure 8” appearance
within the bone (Fig 3-8a). If the ablique cross section fortuitously falls at
the tip of the curve, the canal will have an elongated appearance (Fig
3-8b). Cross sections mesial to the penu will generally demonstrate a hony
channel for the dental branches to the anterior teeth that is eonsiderably
narrower in diameter than the mandibular canal (Figs 3-8¢ and 8-d).

The implant surgeon will, under normal cirecumstances, expect to
usc the mental foramen as a surgical landmark. ‘The closest implant will
usually be placed several millimeters mesial to the foramen. If there is a
forward-projecting genu, there is greater likelihood that the nerve will
be injured by the implant.
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Figs 3-7a and 3-7h Variations of the geny of the inferior alveolar nerve, (From Schwarz
MS, Rothman SLG, Chavetz N, Rhodes M. Computed tomography in dentat implanta-
tion surgery. i3ent Clin North Am 1989:33:566. Reprimted with permission.)

Fig 3-7a Radiograph of a mandibular specimen with a wire within the mandibular
canal and a circular marker indicating the position of the mental foramen. The wire
projects well forward of the mental foramen.

Fig 3-7b Relormalled pancramic image of a patient whose genu extends mare than 1
cm forward of the mertal foramen.
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Figs 3-9a to 3-9¢ Afrophy of the alveolar ridge.

i i _ Fg

Fig 3-9a Dilfuse atraphy with loss of height of the alveolar  Fig 3-9b Cross-seclional oblique reformations demonstrat-

process. Cross-sectional obligue reformations reveal pro-  ing prominent residual cxtraction sockets, A tapering,

found symmetric bone loss. craterlike deformity is found where teeth have becn
remaved,

Fig 3-9¢ Localized hone destruction caused by extensive localized bone loss.

E
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Figs 3-10a to 3-T0d Measurement of
alveolar height.

Figs 3-10a and 3-T0b In the anterior
cdentulous area, measurements are made
from cortex to cortex (8 mm),

Fig 3-10¢ In the posterior edentulous area, the mea-  Fig 3-10d In the tapered alveolar ridge, the width is first
surements are made from the occlusal surface to the  measured. The height is calculated from a point inferior
inferior alveolar canal (16 mmy and, if appropriate, also  to the occlusal surface where the ridge is wide enough to
W the carlical bone helow, accommadale a Tixture (20 mm},
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Computerized Tomography of the Mandible

Buccolingual dimension of the ridge

The buccolingual dimension is measured on the cross-sectional oblique
images. There is no way of confirming this measurement on the
panoramic views, but it can be confirmed by mncasuring the inteenal
dimension on the appropriate axial view. This is accomplished by identi-
fying the height of the axial slice by counting dek marks from the bottom
of the image to the level where the buccolingual width was measured.
That axial scan is identified, and the location of the cross-sectional
oblique image that was used as a reference is idendfied from the locaror
curve. The width of the ridge can he measored at this location (Figs
3-1Taand 3-11b).

Even patients who appear to have adequate height to their alveolar
processes may have profound buccolingual atrophy. "the bone may be
syminetrically awrophied and the ridge thin and knifelike. This is espe-
cially true in the anterior mandible and maxilla (Fig 3-12). Asymmetric
loss of the labial bone is also very common in the anterior mandible.
Usually the labial cortex is lost to periodontal discase and the medullary
bone atrophies. Only the lingual cortex may remain. Implantation may
not be possible in such patients.
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Figs 3-11a and 3-T1h Measurement of alveolar widlth,
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Fig 3-11a Cross-sectional reformation 23 extends
through the mental foramen. The width of the ridge at
the level of tick mark 16 is & mm.

Fig 3-11h In axial vicw 16, the width of the alveolar Fig 3-12 Buccalingual atrophy. Cross-sectional ohlique
ridge is confirmed by measuring the intercartical cis- reformations demonstrate remarkable symmelric atro-
lance at the site of Cross section 23, phy of the alveolar ridge with a tapered, knifelike edge.
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Mineralization of the mandible
It is possible to define three different types of mandibles based on the
relative amount of intrameduilary bone ohserved on C1 scans.

In young people, the medullary space can be well ussified. Medullary
bone appears dense and homogeneous on the images. The inferior alve-
ofar canal is very visible en the €' scans because of the reladvely
homogenous medullary hone (Figs 3-15a and 3-15b). Muost mandibles
are not uniformly ossified; for example, in Figures 3-15a and 3-15, the
left side of the mandible is much more densely ossified than the right.

Figs 3-15a and 3-158 Densely ossified mandible. Dense medultary bone is present on
the loft side of the mandible. There is a fairly dramatic difference in bone density on
the two sides, The bone is much whiter on the left than on the right. The mandibular
canal is very clearly visible because of the contrast Detween the dense medullary bone
and the neurovascular structures in the canal.

S A e |
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Fig 3-15a Axial reformation. Fig 3-15h Cross-sectional oblique reformation.
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The oldest patients and those with esteoporosis have the most de-
mineralized mandibles. Facty marrow has replaced most of the hema-
topoetic marrow by this smge in lite. Osteoporosis reduces the number
and size of the medullary bony trabeculae and thins the cortical bone.
Periodontal disease destroys the alveolar process as previousty deseribed.
The jaw requires constant mastication to maintain the integrity of the
hone matrix. "The loss of teeth leads to a dramatic decrease in the cam-
pressive forces applied to the bone, leading o further bone loss. It s a
process equivalent to disuse atrophy in a nonmobile or paralyzed
extremity. The internal structure of the bone appears very low in den-
sity on the CT images.

Quantitative assessment of mineral content

The mineral content of the mandible can be estimated from the CT°
scan. 'I'he “region of interest” feature commeon to most CT scanners iy
used to identify a volume of bone by depositing a box over the area to be
measured. The computer averages the CT number of all the pixels in the
box. This number represents the mean attenuation value for that volume
of bone. "The more fat within the volume, the lower the mean CT num-
ber will be. By definition, the CT number of water is 0 Hounsfield units.
The C'I'number of fat is in the range of -80. The CT number of corti-
cal bone is greater thap 100 units. The lower the measured mean CT
number, the more fatty marrow and the less osseous tissne are present in
the measured volume,

It is likely that the amount of medullary bone at the implant site is
important to the overall success rate of the surgical procedure. In an
attempt to determine what effeet bone mineral content has on the suc-
cess or failure of implants, a series of patents in whom one or more
implant failed to integrate were studied. The preoperative CT scan data,
which had been stored on computer tape, were reloaded on the scanner’s
computer. The arca of the bone that was implanted was identified by the
surgeon and marked on dhe scan. Two measurements each of the CT
namber were made through an area of successful implanation and
through the area where one ot the implants failed. The mean CT num-
bers of the two sites were compared (Figs 3-17a and 3-17h),
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Some interesting data were obtained from these observations. It was
found thar the average C'I" number of the bove in the majority of the
tailed mandibular implants was higher than that of the bone in which the
implants integrated. This means that there was more than che usual
amount of bone matrix at the implant site. 1t was postulated that the fail--
ure was likely due to the dense bone. The two most likely explanations
are that the denser bone is less well vascularized than the more fatty
bone or that the drill heats the dense bone more than the faty bone. In
either instance, the integration may be affected.

In the maxillas, the failed implants were found to have been placed
in inadequate bone most of the time. The increased density did not
appear to he a problem. I the implane site has a very low CT number,
the implants may benefit from being left in place fonger than usual
before the prosthesis is attached. If the implant site is denser than aver-
age, extra care should be taken not to heat the bone with the duill.

Position of alveolar nerve

The mandibular canal is often extremely difficult or impossible o iden-
tify in patents, because no medullary bone is present surrounding the
inferior alveolar nerve (Figs 3-18a to 3-18¢). In this type of mandible, it
is sometimes possible to estimate the position of the nerve at the desired
implant locations even if it is impossible to see at that location, This is
because the anatomy of the mandibular canal is so constant. The down-
ward-sloping inferior alveolar nerve makes a constant curve within the
bone. "['herefore, if the mandibular canal can be identified proximal and
distal to the desired implant site, it is possible to draw a line from the
superior margin of the canal on the most distal visible cross section to
the superior margin on the mesial cross section. The inferior alveolar
nerve must lie below this line.

As an exercise, the reader should attempt to locate the inferior alve-
olar nerve on the padent displayed in Figure 3-19. ‘The canal can be
identified on cross-sectional oblique view 53, which is distal w the
implant site, and on oblique section 51, which is mesial to the site. The
reader should draw a line with a clear plastic ruler from the top of the
canal on both of these images. The nerve will lie below this line on all of
the intervening cross scerions. This is true in the majority of the bone,
except near the mental foramen. The inferior alveolar nerve begins to
curve superiorly within 1 ¢m of the mental foramen, and therefore the
previous method cannot be used (Fig 3-20).




60 | Camputerized Tomagraphy of the Mandible
‘ f grapny
\

Figs 3-18a to 3-18c Variations in the anatomy of the manditilar canal.

bt R

LRI "
Fig 3-18a Markedly demineratized mandible showing no visi-
hle mandibular canal. The medullary borne consists primarily of

fatty marrow, No surrounding sony rim is identifiable.

o

Fig 3-18¢ Nerve surrounded by
surrounding the nerve. homogenaous dense bane,
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Completely edentulous mandible

In completely edentulous mandibles, there is 4 wide spectrum of bone
loss, depending on the age of the patient and the amount of dme elapsed
since the teeth have been lost. In younger patients without total alveolar
loss, there is nearly always enough bone present to fmplant a series of
fixtures anteriorly between the mental foramina. Originally, Brinemark’s
group attempted to implant six fixtures anteriorty. It has been found sub-
sequently that four or five implants can adequately rehabilitate the jaw
(Fig 3-21).

In older patients whose teeth have been gone for many years, there
may be profound bone lass, The alveolar process has usually resorbed.
Asymmetric crosion may lcave cither the labial or the lingual cortex
refatively intact but cause profound central loss. The height of the
remaining ruandible may be so reduced that it cannot support even the
shortest implants. In these patients, ridge enhancement procedures are
occasionally atternpted.

The lateral and posterior portions of the mandible distal to the wen-
tal foramen pose the most problems for the lmplant surgeon. With loss
of the alveelar proeess, the inferior alveolar nerve may come tw lie
immediately below the eroded occlusal surface of the bone (Fig 3-22).

Fig 3-21 Cornpletely edentulous mandible: There s moderate atrophy of the alveolar
process, but not enough to preclude implantation. Five implants can be placed

hetween the mental foramina.
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Fig 3-22 Long-standing completely edentulous mandible, The inferior alveolar nerve
lies within the bone just beneath the superior surface of the bone,

Fig 3-23 Severe ernsion of the alveolar ridge. The inferior alvealar nerve fics autside
the eroded bone

The nerve may lie centrally within the bone; this will preclude implan-
tation. If the nerve lies along the buccal or lingual side, it may be pos-
sible to pass a fixture beyand the plane of the nerve into cortical bone.
In the worst cases, the height of the mandible will be reduced to a level
inferior to the planc of the inferior alveolar nerve. In those cases, the nerve
may actuafly lic along the surface of the bone, free of any osseous cover-
ing. This is obvious on the cross-seetional oblique reformartions (Fig 3-23).
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Figs 6-2a and 6-2b Two adjacent ossevintegrated implants.,

Fig 6-2a Axial reformation. There is a subtle band of low donsity between the
implants, A prominent extraction socket is seen distal to the posterior implant.

Fig 6-2b Cinss-sectional ollique images showing intimate contact of the implant with
the bone.
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Figs 6-3a to 6-3c Well-positioned and well-integrated
maxillary anierior fmplant.

i

i
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Fig 6-3a Axial reformalion. There is intimate contact with  Fig 6-3b Cross-sectional oblique reformation defining the
the bone. There is a zone of localized bone loss distal to angle of the implanl. The implant perfectly parallels the
the implant. adjacent toath.

Fig 6-3¢ Panoramic reformalion,
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Figures 6-3a to 6-3¢ can be compared with the series of eross sections
in Tigure 6-4. The implant displayed in cross section 29 is oriented
along the longest axis of the arch, rather than in the plane where the
prosthesis should be. A Jong implant was used, but the implant points
superior to the opaque marker placed in the patient’ stent. The access
hole of that implant will therefore project forward of the center of the
prosthesis and compromise the esthetics of the final restoration.

The implant in Figure 6-5 is not oriented along the long axis of the
magxilla, Tt is angled more toward the lingual side than would be ideal,
but the esthetics of the final prosthesis will not be compromised beeause
the access hole can be placed posteriorly without being visible or other-
wise interfering with the prosthesis. Figures 6-6a and 6-6b depict a
paticnt with an improperly placed maxillary anterior implant. The
entrance of the drill into the alveolar ridge was made in the proper loca-
tion, but the drill was inadvertently angled toward the Tabial side of che
bone. The implant perforated the labial side of the bone and is, in part,
[ying in the anterior soft tissues.

Figures 6-7a and 6-7b prescnt a scries of C'L images of another
paticnt whose implants were placed distal to the mental foramen. "The
implants are well-positioned and perfectdy angulated. The implant has
been placed so that it cngages the Lngual cortical plate. The implant
extends inferior to the plane of the alvealar nerve and lics lingual to it
T'his is an example of the ideal situation. "The implant is longer than the
space between the top of the alveolar ridge and the roof of the alveolar
nerve canal. By carcfully measuring the space bewveen the canal and the
cortex, the surgeon was ahle w determine that there was adequate room
to drive the implant lingual to the canal without entering the canal and
injuring the nerve.

Figures 6-8a and 6-8b prescnt images of a patient in whom the
mandibular implant was poorly positioned. The drill began in the proper
location, but, as it descended into the bong, it perforated the buceal cor-
tex, and the majority of the length of the implant Hes outside the bone.

Figures 6-9a 1o 6-9¢ present a series of three-dimensional reforma-
tions of a patient with nine well-positioned implants. The relationship
of the implants to the nerve is easity demonstrated on these images.
Because of the position of the nerve near the center of the bone, it was
not possible to sink any implants below the plane of the nerve, The pos-
terior implants are therefore shorter than those placed anteriorly
between the mentz! foramina.
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Fig 6-4 less+han-ideal implant angulation. The
cross-sectional abligue view reveals the implant
to extend the lenglh of the alveolar process. It
points anterior to the opague marker placed
within the stent.

Fig 6-5 1ess-than-ideal implant angulation. The cross-sectional views reveal that the
implant is angled too far koward Lhe lingual side of the ridge. [Lis unlikely that this will
effect the final esthetic outcome significantly.
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Figs 6-6a and 6-6b Perforation of an implant through the huccal cortex of the maxitla.

Fig 6-6a Axial reformation.

Fig 6-6b Cross-seclional oblique reformations,
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Onr data suggest that in areas where the bone content is high, therc
may be overheating of the tssue by the drill, resulting in devasculariza-
tion or other tissuc injury that accounts for implant failure. Special care
must be taken during drilling of dense bone. In several patients, implant
failure occurred in areas with dramatic osteopenia. When implanting
into very farty arcas in clderly osteoporotic bone, the implants should
remain uncovered for a longer period of time than usual to allow
ossenintegration,

Figs 6-10a and 6-10b failure of a maxillary implant becauvse of inadequate bone. The
alveolar ridge js remarkably atrophic. There is inadequate bone height. Short implants
have been placed antetiorly. There is fucency sumrounding the implants.

vl

Fig 6-10a Panoramic reformations.
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Fig 6-10b Cross-seclional obligue reformations,
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Figs 6-T1a and 6-11h Implant faflure caused by infection at the basc of an implant. The
bone is fucent at the tp of the implant. The space around the implant represents the
ahscess. The inferfor alveolar canal is lost in this space.
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Fig 6-11b Panoramic reformations. (From Schwarz MS, Rolhman SLG,
Chavetz N, Rhodes M. Computed tomography in dental implantation
surgery, Dent Clin North Am 1969;33:592, Reprinted with permission.)
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Fig 6-12 tmplant partially en-
croaching on the alveolar nerve
canal. Cross-sectional ohlinue
views reveal that the implant has
entered the canal and fills the
superiar half.

fu

HHIHHEII!lefI

Ii'il

Fig 6-13 implant completely transecting the alveolar nerve canal, Cross-sectional oblique view 51
reveals that the implant extends down through the canal and nearly engages the inferior cortex of
the beone. The implant visible in images 46 and 47 is properly positioned.




1 28| Computerized Tomography in Patients with Implants and Other Metal in the Jaw

|

It is wnusual for a patent to develop pain in the jaw years after suc-
cessful implantation. When this occurs, a stress fracture may have
occurred in the bone., This complication is quite rare. lolnan and
Keller' described seven patients who developed fractures through
implanted mandibles. Three of their patients developed spontaneous
fractures at the site of implantation. In two of these patients, the fractare
occurred in the zone of previously removed implants, and, in one
padent, fracture occurrcd through an existing fmplant. Rethman and
Schwartz* reported the CT appearance of two patients without severe
atrophy who spontaneously developed stress fracture of the mandible
through the bone surrounding well-positioned implants.

The patient depicted in Figure 6-14a was a 68-year-old woman who
underwent implantation with three 13-mm implants. Her mandible was
believed to be severely atrophic. Four weeks following surgery, she’
developed pain in the jaw. A C1' scan demenstrated a fracture line
extending lingually from all three implants. The patient in Figure 6-14b
had uneventful implantation of five anterior implants. Four and a half
months following implantation, the jmplants were uncovered and noted
1o have osseointegrated. The patient functioned normally for 3.5 years,
at which time she developed acate pain in the arca of the most distal
implant on the right, Routine radiographs appeared normal, but a CT
scan demonstrated a fracture through the distal implants, Resuls of the
nuclear bone scan were positive in both patients.

The development of a stress fracture is rare. The use of C'I” should
be considered if the cause of persistent pain is not found on routine
dental radiographs.

Figs 6-14a and 6-14b Stress fraciure of the Implanted mandible in twa patient scans.

"

i

Fig 6-14a Patient 1 scan shows lucent lines extending lin-  Fig 6-14b Patient 2 scan shows a single fracture through
pually from ali three implants, the two implants on the right.
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Figs 8-5a and 8-5b Traumalic cyst.

H

Fig 8-5a This unilocular lesion in the right hemimandible has displaced the mandibu-
far canal inferiorly (open arrows). The canal is better seen on cross-secrional dental CT
images {ilmed al narrower settings than usual dower images), which show the canal
more clearly, but factitiously increase the width of cortical bone (“bloom effect”), The
upper row of cross-sectional images, filmed at normal settings, is shown for compari-
son, The distal and mesial roots of the mandibular right first and second molars (arrow-
heads) are surrounded by the cyst on the curved coronal reformatted image top), but
arc intact, which is typical of a traumatic cyst.

Fig 8-5b Axial 1-mm cross-sectional
images from the denlal CT show the
rarefaction surrounding the distal root
of the first molar and the mesial root
of the second molar farrowheads).
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Figs 8-6a and 8-6b Nasapalatine cyst.

Fig 8-6a This cxpanded, cystic lesion, located directly
behind the central incisors, is characteristic of a nasopala-
tine cyst ftop), Another axial 1.3-mm image, craniad to the
first, abave the roots of the incisors (enlarged and filmed
al narrow settings), shows the expanded antericr raxillary
cortex (botiom).

Fig 8-6b Cruss-sectional dental CT images show the
expanded nasopalatine foramina at the junction of the
hard palate and maxillary alvcolar process (double
arrow). The eyl lies craniad and posterior to the incisors.
The orientation of the lwo bottom cross-sectional images
has been reversed for continuity.

Figs 8-7a and 8-7b Central giant-cell granuloma.

Fig 8-7a More lypically a midline tumar of the
mandihle, the CT features of central giant-cell granulo-
ma are nonspecific. Although the lingual cortex s
thinned and expanded, it is intacl. Resarplion of root
tips, cortical porforation, and a diameter greater than
2 o are signs of the aggressive subtype of CGCG,

Fig 8-7h Axial 1.0-mm images show the mildly expan-
sile cyst surrounding the mesial roat of the right secand
molar (arowl,
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Fig 8-11 Fibreus dysplasia. A relatively densc formt of fibrous dysplasia involves the left
ramus of the mandible, including the head and neck of the condyle (upper right). Cross
sections along the bottom show the transition fram involved to narmal bonce {right to
left). The mandibular canal is visible on some cross seclions (black and white arrows).
The locations of the cross-sectional reformatted images are indicated by black arrow-
heads on the enlarged section of the axial CT image (upper lefl).

Ossifving fibroma (Figs 8-12a and 8-12b) may present with a varicty
of appearances and may be confused with fibrous dysplasia. Ossifying
fibroma occurs averwhelmingly in the mandible (70% to 89%).* The
two most prevalent patterns are (1) a unilocular lucency with dense foci
of calcification, ground glass opacification, or irregular opacification;
and (2) a well-defined radiolucency without radiopaque foci, root dis-
placement, or resorpton. These two patterns accounted for 67% of
cases studied in one scries.” Less frequent appearances inclade massive,
expansile lesions with well-defined margins containing ground glass or
mottled radiopacirics, 'I'hese were classed as active or aggressive ossify-
ing fibromas.” One primary difference hetween ossifying fibroma and
fibrous dysplasia is the well-demarcated margin of the former and the
lack of a well-defined margin with the latter” In addition, ossifying
fibroma tends to grow in a centrifugal or ball-like fashion, while fibrous
dysplasia grows linearly.”
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In one of our patients, regenerating bone at the site of an extirpated
cyst mimicked fibrous dysplasia {(Fig 8-13), while in another, ossification
of a sinus lift and bone graft for implant placement looked much Jike an
ossifying fibroma (Figs 8-14a and 8-14h). Both of these cases illustrate
the importance of correlating clinical history with the dental C1.

Fig 8-13 Regenerating hone mimicking librous dysplasia. Diffuse, sclerolic reparative
bone fills the defect in the right hemimandible of an adult female after enucleation of
a unilocular amelablastoma, The mandibular canal farrowheads) can be followed
along the margin of nocw bone. This appearance might be mistaken for fibrous dyspla-
sia. {Courlesy of Dr Philip Worthington, University of Washingtan.)




Evaluation of Fibrous Dysplasia and Ossifying Fibroma | [ 69

Figs 8-14a and 8-14b Sinus lifl with
autologous bone graft mimicking an
ossifying fibroma, A key feature in this
case is the linear, rather than centrifu-
gal, pattern of the new bone. Ossifying
fibromas tend to expand cqually n all
direclions; thus the lesion should be
spherical rather than elongaled.






















