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Abstract.
Background:Aging of the midface is complex and poorly
understood. Changes occur not only in the facial soft tissues, but also in the underlying bony structure. Computed
tomography (CT) imaging was used for investigating
characteristics of the bony orbit and the anterior wall of the
maxilla in patients of diﬀerent ages and genders.
Methods: Facial CT scans were performed for 62 patients
ranging in age from 21 to 70 years, who were divided into
three age groups: 21 30 years, 41 50 years, and 61 70
years. Patients also were grouped by gender. The lengths of
the orbital roof and ﬂoor and the angle of the anterior wall
of the maxilla were recorded on parasagittal images
through the midline of the orbit for each patient.
Results: The lengths of the orbital roof and ﬂoor at their
midpoints showed no signiﬁcant diﬀerences between the age
groups. When grouped by gender, the lengths were found to
be statistically longer for males than for females. The angle
between the anterior maxillary wall and the orbital ﬂoor
was found to have a statistically signiﬁcant decrease with
advancing age among both sexes.
Conclusion: Bony changes occur in the skeleton of the
midcheek with advancing age for both males and females.
3 The anterior maxillary wall retrudes in relation to the bony
orbit, which maintains a ﬁxed anteroposterior dimension at
its midpoint. These changes should be considered in
addressing the aging midface.
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Facial aging is a complex and incompletely under- 4
stood process. In the past, most authors focused on
changes in the facial soft tissues and skin to explain
the process of facial aging. However, it has been
shown that changes in the bony facial skeleton also
contribute signiﬁcantly to the alterations in facial
appearance that occur with increasing age. As ﬁrst
proposed by Enlow [2], these bony changes occur
diﬀerently in diﬀerent parts of the face [1,3,6 10,14].
The inferior orbital rim and the anterior maxilla
serve as a key foundation for the soft tissues of the
inferior orbit and midface. Changes in these structures individually and in their relationship with each
other signiﬁcantly aﬀect the overlying tissues and,
ultimately, facial appearance.
Previous work by Pessa et al. [8] has suggested that
the orbital rim and the anterior maxilla both retrude
with advancing age. Consequences include increased
surgical risk during surgery on the lower lids and the
inferior orbit in the presence of a so-called negative
vector relationship [5]. It also implies that correction
of the underlying bony changes would include augmentation of both the anterior maxilla and the inferior orbital rim [13].
This study investigated aging changes in the bony
orbit and midface. We investigated the hypothesis that
the previously described retrusion of the orbital rim
and maxilla is attributable to shortening of the orbital
ﬂoor. To demonstrate this, a study was designed to
compare the length of the orbital ﬂoor with the length
of the orbital roof at diﬀerent ages. The same images 5
would be used to measure the changes in the angles of
the midface skeleton relative to the orbital ﬂoor.
Materials and Methods
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The spiral computed tomography (CT) scans of 62
patients undergoing radiographic investigations for
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Fig. 1. Measurements of the superior and inferior orbital
lengths.

unrelated reasons (e.g., sinus evaluations, negative
studies) were reviewed. The scans were negative for
pathology, and no patient had a history of facial
malformation, trauma, or prior surgery. Parasagittal
images through the midaxis of each right orbit in the
plane of the optic nerve were reconstructed from
existing data.
The patients were divided into three age groups:
21 30 years (21 patients), 41 50 years (20 patients),
and 61 70 years (21 patients). The patients also were
grouped by gender (31 males and 31 females).
The length of the orbital roof (superior orbit) was
measured as the distance from the orbital apex to the
most anterior projection of the superior orbital rim.
The length of the orbital ﬂoor (inferior orbit) was
measured as the distance from the orbital apex to the
most anterior projection of the inferior orbital rim
(Fig. 1). The angle formed between the line of the
orbital ﬂoor and a line drawn parallel to the anterior
wall of the maxilla, the ‘‘maxillary angle,’’ was recorded (Fig. 2). The data were compiled, and a univariate regression analysis of association was
performed for the diﬀerent data sets.
Results
There was no statistically signiﬁcant diﬀerence between the age groups in either the length of the
orbital roof (p = 0.2) or the length of the orbital
ﬂoor (p = 0.3). However, statistical signiﬁcance was
present in the analysis of association between patient
gender and both the length of the orbital roof and the
length of the orbital ﬂoor. The length of the orbital
roof was, on the average, 3.1 mm longer for males
than for females (p = 0.004), and the length of the
orbital ﬂoor was 2.4 mm longer for males than for
females (p = 0.03) (Tables 1 3).
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Fig. 2. Measurement of the angle between the orbital ﬂoor
and the anterior wall of the maxilla.

Univariate regression analysis of association between the maxillary angle and age was found to be
statistically signiﬁcant between the diﬀerent age
groups. The mean angle decreased 3.5° from the
youngest group to the middle-age group (p = 0.002),
and 6° from the youngest group to the oldest group
(p < 0.001). No statistically signiﬁcant diﬀerence 6
between males and females was found for this angle
(p = 0.79) (Table 4).
Univariate regression analysis showed a signiﬁcant
diﬀerence in the mean angle between the youngest
male cohort and the middle-age and oldest male cohorts (p = 0.01 and p < 0.001, respectively). A
similar trend was observed for females, although it
reached statistical signiﬁcance only between the
youngest and oldest groups (p = 0.10 and
p = 0.004, respectively). The diﬀerence in the angle
change (youngest to oldest) between males and fe- 7
males, although considerable (7.6% for males and
4.4% for females), was not statistically signiﬁcant
(Table 5).
Discussion
Previous work has described a relative retrusion of
the bony maxilla and the lateral aspect of the piriform aperture [6]. The hypothesis has been put forth
that bony changes occur in the skull that are diﬀerentially additive and resorptive and can be described
as a relative clockwise rotation of the facial bony
features around a central point [8].
The results of this study conﬁrmed that retrusion
of the midface does occur, as compared with the
upper third of the facial skeleton. However, our results also show that the lengths of the superior and
inferior orbits remain constant with increasing age.
This indicates that the signiﬁcant changes in the bony
skeleton occur below the inferior orbital rim, whose
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Table 1. Summary statistics by each group and gender

Superior orbit (cm)
21 30 years
41 50 years
61 70 years
All ages combined
Inferior orbit (cm)
21 30 years
41 50 years
61 70 years
All ages combined
Angle (°)
21 30 years
41 50 years
61 70 years
All ages combined

Male
(mean ± SD)

Female
(mean ± SD)

Male and female combined
(mean ± SD)

5.45
5.41
5.48
5.45

±
±
±
±

0.44
0.31
0.47
0.40

5.17
4.90
5.32
5.14

±
±
±
±

0.44
0.38
0.34
0.41

5.32
5.16
5.40
5.29

±
±
±
±

0.45
0.43
0.40
0.43

5.37
5.36
5.46
5.40

±
±
±
±

0.46
0.43
0.48
0.44

5.21
4.96
5.30
5.16

±
±
±
±

0.55
0.27
0.32
0.41

5.30
5.16
5.37
5.28

±
±
±
±

0.50
0.41
0.40
0.44

90.9
86.4
83.3
87.0

±
±
±
±

3.6
4.3
3.8
4.9

89.7
87.3
85.3
87.3

±
±
±
±

2.6
3.8
3.0
3.6

90.3
86.8
84.4
87.2

±
±
±
±

3.1
4.0
3.4
4.3

9

SD, standard deviation
Table 2. Univariate regression analysis of association
between superior orbit and age/gender

Predictor
Age
21 30 years
(reference)
41 50 years
61 70 years
Gender
Female
(reference)
Male

Difference
in mean
superior
orbit length

95% CI
interval
for the
difference
in means

Predictor

0

—

—

)0.16
0.08

)0.43 to 0.11
)0.19 to 0.34

0.24
0.55

0

—

—

0.31

0.10 to 0.52

0.004

95% CI
for the
difference
in means

0
)3.49
)5.99

—
—
)5.70 to )1.29 0.002
)8.17 to )3.81 <0.001

0
)0.29

—
—
2.48 to 1.90 0.79

p Value

Age
21 30 years (reference)
41 50 years
61 70 years
Gender
Female (reference)
Male
CI, conﬁdence interval

Table 3. Univariate regression analysis of association
between inferior orbit and age/gender

Age
21 30 years
(reference)
41 50 years
61 70 years
Gender
Female
(reference)
Male

Difference
in mean
maxillary
angle

p Value

CI, conﬁdence interval

Predictor

Table 4. Univariate regression analysis of association
between angle and age/gender

Difference
in mean
inferior orbit
length

95% CI
for the
difference
in means

p Value

0

—

—

)0.14
0.08

)0.41 to 0.14
)0.19 to 0.35

0.33
0.57

0

—

—

0.24

0.02 to 0.45

0.03

CI, conﬁdence interval

anterior projection at the midpoint of the inferior
orbital rim remains unchanged.
The absence of change in the anteroposterior
dimension of the orbit conﬁrms the work by Bartlett
et al. [1], whose detailed study of the age-related
changes in the craniofacial skeleton showed little to
no overall age-related changes in the ﬁxed bony
skeleton in the anteroposterior direction.
However, the ﬁndings of this study do not support
the suggestion that a posterior displacement of the
inferior orbital rim occurs, as postulated by Pessa
et al. [8]. This discrepancy may be attributable to the
fact that the authors measured the inferior orbital rim
in relation to the anterior projection of the cornea
and inferior orbital fat and did not directly measure
the length of the inferior orbit itself.
Our study does conﬁrm that suborbital maxillary
retrusion occurs with aging, as shown by the decrease
in the angle formed between the maxilla and orbital
ﬂoor, as previously predicted by Enlow [2], described
by Pessa et al. [8,9], and recently conﬁrmed by Shaw
and Khan [11]. This study is more precise because it
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Table 5. Univariate regression analysis of association between angle and age for males and females
Male
Predictor
Age
21 30 years (reference)
41 50 years
61 70 years
Difference between change
in angle (youngest to oldest)
between males and females

Female

Difference in mean
angle (95% CI)

p Value

Difference in mean
angle (95% CI)

p Value

0
)4.52 ()8.00, ) 1.04)
)7.61 ()11.1, )4.13)
3.21

—
0.01
<0.001
0.30

0
)2.41 ()5.31, 0.49)
)4.40 ()7.23, )1.56)

—
0.10
0.004

CI, conﬁdence interval

uses measurements taken at the midaxial orbital rim
for standardization based on axial CT scan rather
than three-dimensional reformatted images. This
relative posterior displacement of the anterior maxillary wall may contribute signiﬁcantly to the descent
of the soft tissues of the lower orbit and cheek with
advancing age. The posteriorly displaced bone would
provide less support for the overlying soft tissues,
further accentuating the appearance of soft tissue
atrophy and aging in the midface. Like Pessa et al.
8 [8,9], we found that males tended to have greater
changes in the maxillary angle with age than females,
although the diﬀerence did not reach statistical signiﬁcance in our group.
Atrophy of the upper alveolus and loss of dentition
have been described also as causing signiﬁcant
changes in the appearance of the midface. Aging
changes are accentuated by a loss of alveolar bone
stock and a decreased number of viable teeth [12].
The subjects of this study did not have signiﬁcantly
more tooth loss in the older groups than in the
younger groups. Therefore, the skeletal changes
found in our data were present even in the absence of
tooth loss among the older patients.
The results of this study suggest that augmentation
of the bony framework over the anterior maxillary
wall should be included in the correction of this aspect of midfacial aging. Augmentation of the inferior
orbital rim strictly to address skeletal aging changes
does not appear to be necessary, although such augmentation may be required for other reasons for
individual patients [13].
A limitation of this study is that the measurement
for the length of the orbital ﬂoor and the angle of the
midcheek skeleton were taken at only one point, in
the line of the midaxis of the orbit. Two bones contribute to the inferior orbital rim and the anterior face
of the midcheek skeleton, and these bones vary in
their contribution to the diﬀerent parts. The maxilla
forms the medial third of the midcheek and orbital
rim. The body of the zygoma forms the lateral third
of the midcheek and orbital rim. The middle third of
the orbital rim proper is formed by the zygoma,
speciﬁcally by the maxillary (also called the orbital)

process of the zygoma. This is the most forwardprojecting part of the inferior orbital rim. This part
was shown not to change with aging in this study.
Immediately inferior to the more projecting orbital
process of the zygoma, the midcheek skeleton is
formed by the maxilla. This is the part of the skeleton
clearly shown to undergo retrusion by this and other
studies. It would not be completely unexpected to ﬁnd
that the resorptive characteristics of the maxilla are
not isolated to this one part of the bone, but extend to
the medial orbital rim component. The maxilla has a
completely diﬀerent origin from the other bones of the
orbital rim. The maxilla is a bone of dental origin and
originally was not involved in the formation of the
orbital rim. Only higher in the evolution of the vertebrate facial skeleton does the maxilla extend between the zygoma and the lacrimal bone into the
orbit, and then to a progressive degree [4].
The results of this project, based on the midaxial
orbital rim, are deﬁnitive and signiﬁcant. Further
study is now required to complete our understanding
of the inferior orbital rim by comparing the aging
changes in the medial and lateral ends of the rim.
Conclusions
Age-related changes do occur in the facial bony
skeleton. These skeletal changes are not uniform, and
diﬀerent portions of the facial skeleton change differently with age. The length of the midpoint of the
bony orbit remains constant with increasing age.
Males have slightly longer orbits than females,
probably because of the overall larger average size
bone structure of males. The angle between the
orbital ﬂoor and the anterior maxillary wall decreases
with increasing patient age. These results indicate
that with aging, the infraorbital midfacial skeleton
retrudes or decreases in prominence relative to the
middle of the bony orbit, which retains its constant
anteroposterior dimensions.
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paring the aging changes in the orbital ﬂoor with those in
the orbital roof.
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