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ABSTRACT

Purpose: The purpose of this study was to obtain anatomical information for installing four zygomatic implants, by
measurements of maxillae and zygomata.

Materials and Methods: Linear and angular measurements were obtained from the maxillae and zygomata of 40 dry skulls.

Results: Based on mean and standard deviation values, the installation angle of the additional implant in the four zygoma
technique was between 25° and 47°, and that of the conventional zygomatic implant was between 39° and 62°. The distance
between the alveolar crest in the canine region and the lateral margin of the orbital socket was 53.42 mm, and between the
alveolar crest in the premolar region and the area closest to the lateral margin of the orbital socket was 42.47 mm.

Conclusions: When the angle of installation of the additional implant is less than 25° and that of the conventional zygomatic
implant is less than 39°, perforation of the maxilla, zygoma, or the infratemporal fossa must be avoided. When the angle of
installation of an additional implant is greater than 47° and that of the conventional zygomatic implant is greater than 62°,
perforation of the orbital floor must be avoided. The length of an additional implant was greater than the length of a
conventional zygomatic implant, and should be measured prior to drilling, because the greatest value found for this
distance was 61.94 mm, while the maximum length of the zygomatic implants currently available on the market is 52.5 mm.
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Figure 1 Skull frontal view showing the points B and D and the
anatomic references to the points A and C.

inserted, emerging in the region of the canines or lateral
incisors. This treatment alternative is based on the
immediate loading concept.""

According to Kato and colleagues,'* who evaluated
28 bones in cadavers using computerized tomography,
and Rigolizzo and colleagues,” who measured sections of
zygomatic bone in 60 dry skulls, it can be stated that the
average dimensions of this bone make the insertion of
two implants safely possible. In the former study, greater
bone density was found in the region of the angle
between the frontal process and the temporal process of
the zygoma,'* and in the latter greater bone thickness
was found in the areas nearest to the lateral margin of
the orbital socket.’

Anatomical studies applied to the conventional
zygomatic implant technique' and to the four zygo-
matic implants technique are scarce, despite the im-
portance of such knowledge to the safety of the
procedure.>'"

The objective of this study was to obtain anatomical
information by measuring the angular and linear
dimensions of the maxilla and the zygoma in dry skulls,
in order to guarantee the safe insertion of four zygo-
matic implants.

MATERIALS AND METHODS

Forty dry skulls (80 maxillae and zygomata) from the
collection belonging to the anatomy department at the
Bahia School of Medicine and Public Health were used.
Every skull used was toothless, without the alveolar
process and presented atrophy of the premaxilla. This
investigation was approved by the Research Ethics Com-
mittee of the Bahia School of Medicine and Public
Health — EBMSP-FBDC.
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Figure 2 Skull lateral view showing the lines AB and CD.

The following measurement points and lines were
defined (Figures 1-3):

1. Point A: The lowermost point of the alveolar crest,
taking a line from the lateral margin of the nasal
incisure shifted 5 mm to the palatal side, corre-
sponding to the starting point of the perforation for
an additional zygomatic implant in the four zygoma
technique.

2. Point B: The lowermost point on the lateral margin
of the orbital socket, corresponding approximately
to the end point of an additional zygomatic implant
in the four zygoma technique.

3. Point C: The lowermost point of the alveolar crest,
taking a line at a tangent to the lateral margin of the
infraorbital foramen shifted 5 mm to the palatal
side, corresponding to the starting point of the per-
foration for a conventional zygomatic implant.

4. Point D: Located one-third of the distance between
the lowermost point of the lateral margin of the

Figure 3 Skull frontal view showing the points A, B, C, and D;
the lines AB and CD; and the angles X and P.
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TABLE 1 Angular and Linear Measurements of the Maxilla and Zygoma

Measurement N Mean Median SD Minimum Maximum
AB 80 53.4209 54.2500 4.08355 43.40 61.94
CD 80 42.4721 43.0350 3.20351 34.87 51.50
X 80 35.80 35.50 5.649 25 47

P 80 50.50 50 5.532 39 62

orbital socket and the lowermost point of the zygo-
maticomaxillary suture, corresponding approxi-
mately to the end point of a conventional zygomatic
implant.

5. Line Z: Line passing through the infraorbital
foramen.

Measuring of the linear and angular dimensions of
the maxilla and zygoma was carried out based on the
points and lines defined earlier. A digital paquimeter
(Mitutoyo, Aurora, IL, USA) was used to take the linear
measurements. A protractor and a set square, superim-
posed over the lines marked, were used to take the angular
measurements. The linear measurements were recorded
in millimeters, and the angular measurements in degrees.

Linear Measurements (See Figures 2 and 3)

Length of line AB refers to the length of an additional
zygomatic implant in the four zygoma technique.
Length of line CD refers to the length of a conventional
zygomatic implant.

Angular Measurements (See Figure 2)

Angle X is the angle between lines AB and Z, corre-
sponding to the angle of insertion of an additional zygo-
matic implant in the four zygoma technique. Angle P is
the angle between lines CD and Z, corresponding to the
angle of insertion of a conventional zygomatic implant.

For the purposes of statistical analysis, a database
was created in Excel 2000 and analyzed using Epilnfo 6.0
software. The Mann—Whitney test was used to compare
the angular measurements X and P, the linear measure-
ments AB and CD, and the measurement CD on the two
different sides. The ¢-test was used to compare the mea-
surement AB on the two different sides. A 5% level of
significance was adopted in these tests.

RESULTS

The results obtained are presented in Table 1.

Linear Measurements

The mean length of AB, corresponding to an additional
zygomatic implant in the four zygoma technique was
53.42 mm (SD =4.08355). The minimum length of
this line was 43.4 mm, and the maximum length was
61.94 mm.

The mean length of line CD, corresponding to
a conventional zygomatic implant, was 42.4721 mm
(SD =3.20351). The minimum length of this line was
34.87 mm, and the maximum length was 51.5 mm.

Comparing the lengths of AB and CD, the Mann—
Whitney test showed that the linear measurement AB
was greater than CD (p <.001).

Comparing the lengths of AB and CD, respectively,
on different sides, the t-test and Mann—Whitney test
showed no statistically significant difference between the
two sides (p =.539; p=.729).

Angular Measurements

The mean of the installation angle, corresponding to an
additional zygomatic implant, in the four zygoma tech-
nique (X) was 35.8° (SD =5.649). The minimum angle
was 25° and the maximum angle was 47°.

The mean of the installation angle, corresponding
to a conventional zygomatic implant (P) was 50.5°
(SD =5.532). The minimum angle was 39°, and the
maximum angle was 62°.

Comparing X and P, the Mann—Whitney test
showed that the angular measurement P was greater
than X (p <.001).

Comparing X and P, respectively, on different sides,
the Mann—Whitney test showed no statistically signifi-
cant difference between the two sides (p=.296;
p=.142).

DISCUSSION AND CONCLUSIONS

In this study, line Z, which passes through the infraor-
bital foramen, was used as a plane of reference, because
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this is not affected by the resorption of the alveolar
process.

The starting point of the perforation for an addi-
tional implant in the four zygoma technique must be in
the region of canine, slightly to the palatal side. Because
totally edentulous skulls were used, representing the
type of patients who would be submitted to this surgical
technique, this position was estimated from the lateral
margin of the nasal incisure (point A), in accordance
with anatomical knowledge of the region.” The end
point of this implant was determined as being the low-
ermost point on the lateral margin of the orbital socket
(point B). This location corresponds to the area of great-
est bone thickness of the zygoma according to Rigolizzo
and colleagues.’

The starting point of the perforation for a conven-
tional zygomatic implant must be in the region of the
second premolar, slightly to the palatal side. In the skulls
used, this position was estimated from the infraorbital
foramen (point C), according to the study made by
Uchida and colleagues' in which a line passing through
the infraorbital foramen, parallel to the median line,
coincided with the region of the second premolar in
nine of the 10 dentate maxillae evaluated. The end point
of this implant was determined as being at one-third of
the distance between the lowermost point of the lateral
margin of the orbital socket and the lowermost point the
zygomaticomaxillary suture (point D). This location
corresponds to the area of greatest bone thickness of the
zygoma according to Rigolizzo and colleagues.’

The angle of insertion of a zygomatic implant also
deserves special attention. A correct angle should
prevent damage to important anatomical structures in
the orbital socket or infratemporal fossa. The angle of
installation of an additional zygomatic implant mea-
sured in this study (angle X) varied between 25° and 47°,
with a mean of 35.8°. Thus, when the angle of installa-
tion of this implant is less than 25°, perforating the
lateral wall of the maxilla and the zygoma or the
infratemporal fossa must be avoided. When the angle of
installation of this implant is greater than 47°, perforat-
ing the orbital floor must be avoided.

The angle of insertion of a conventional zygomatic
implant measured in this study (angle P) varied between
39° and 62°, with a mean of 50.5°. Thus, when the angle
of insertion of this implant is less than 39°, perforating
of the lateral wall of the maxilla and the zygoma or the
infratemporal fossa must be avoided. When the angle of

insertion of this implant is greater than 62°, perforating
of the orbital floor must be avoided. In the study made
by Uchida and colleagues" in which similar points and
lines of reference were used, these values varied between
43.8° and 50.6°.

The statistical difference between the angles of
insertion of an additional implant (angle X) and of a
conventional zygomatic implant (angle P) demonstrates
that those implants would not be parallel. The angle of
the conventional zygomatic implant is probably greater
because of the fact that the starting point for the perfo-
ration is located further to the posterior, demanding that
it should be more inclined toward the zygoma, which is
positioned more laterally.

The distances between the starting points of the
perforations and the end points of the zygomatic
implants were measured to determine the average
lengths and variations in length of the conventional and
additional zygomatic implants. The minimum value
found for the additional implant was 43.4 mm, the
maximum was 61.94 mm, and the mean value was
53.42 mm. The minimum value found for the con-
ventional implant was 34.87 mm, the maximum was
51.5 mm, and the mean value was 42.47 mm. Uchida
and colleagues' found that these values varied for con-
ventional implants between 44.3 and 54.3 mm, with a
mean of 50.2 mm, using similar points and lines of
reference.

On average, the length of an additional implant
(line AB) was greater than the length of a conventional
implant (line CD), because of the fact that the additional
implant has a starting point more anterior. The distance
AB should be measured prior to drilling for the instal-
lation of an additional zygomatic implant, because the
greatest and the mean values found for this distance
were 61.94 and 53.42 mm, respectively, while the
maximum length of the zygomatic implants currently
available on the market is 52.5 mm.
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