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Abstract

Purpose The importance of the infraorbital canal in the growth of the maxilla and associated mid-facial region has signifi-
cance for innervation of this region as well as the associated dentition, yet little is known about the development of the canal.
An analysis of its dimensions and morphology during the late prenatal and early postnatal periods was thus undertaken. The
aim of this study was to describe changes in the morphology, size and branching pattern of the infraorbital canal during the
late prenatal and early postnatal stages of human growth.

Methods Fifty human fetal and neonatal maxillae were analyzed. The sample included 27 late prenatal individuals (30 gesta-
tional weeks and birth) and 23 early postnatal individuals (birth and 1 year). Maxillae were scanned using a Nikon XTH 225
L micro-CT unit and analyzed using VG studiomax v3.2. Measurements included the maximum width, height and surface
area of each foramen associated with the infraorbital canal and the total length of the canal, bilaterally.

Results All the measurements of the canal were greater in the early postnatal group than in the late prenatal group, while the
walls and branching pattern of the canal were better developed in the postnatal group. Bone development occurred within
the walls as development proceeded. Variations in the branching pattern of the canal were found.

Conclusion The morphology of the infraorbital canal reflected the developmental stage of associated structures such as the

dentition, maxillary sinus and orbit.

Keywords Infraorbital canal - Development - Growth - Morphology

Introduction

The human infraorbital canal serves an important role in
the development and growth of the maxilla. While the role
of the canal as a conduit for neurovascular elements is well
defined, little information exists as to how its development
and growth may influence the development and growth of
the maxilla. As the infraorbital canal is an important land-
mark for anesthesia in dental interventions, oto-rhino-laryn-
gology and maxillofacial procedures, precise knowledge of
the changes in its morphology and subsequent distribution of
the contained neurovascular structures is of clinical impor-
tance [4, 10, 14, 17].

The late prenatal and early postnatal periods of human
growth are of particular importance given the functional
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changes which occur within the maxillofacial region during
this stage of life. The onset of masticatory forces during this
period is associated with the development of the dentition
which is initiated by the development of nervous tissue at
specific sites [8]. Progression of these nerve paths facilitates
the development of structures such as the infraorbital canal
[8].

The growth of structures forming the boundaries of the
infraorbital canal may also influence its development and
orientation [5, 7, 20, 26]. The canal’s course may be influ-
enced by the width of the developing orbit and palate, the
maxillary sinus, as well as the development of the associ-
ated dentition [7, 20, 26]. Furthermore, any deviation in the
direction of the infraorbital canal may result in deviation in
the process of eruption of the maxillary canines, or cause
canine-premolar transposition [7].

Information from adult populations restricts the depth
of inferences that may be made regarding the role of
early development and growth of the canal on the maxilla
in cases of both normal and abnormal growth patterns.
While knowledge of the infraorbital nerve distribution is
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important for bilateral infraorbital nerve block for early
repair of facial clefts in neonates, and in pre- and post-
operative management of pain in the repair of facial clefts
[1, 5, 28], few descriptions of the infraorbital neurovascu-
lar distribution in neonates are available. Thus, knowledge
of the developmental patterns of the infraorbital canal will
assist in interpreting the normal and aberrant development
of the innervation and vascular networks supplying the
maxillary dentition and the mid-facial region [11, 15,
29]. In addition, studying the growth of the infra-orbital
canal across the perinatal stages may provide increased
comprehension of existing growth relationships the canal
and it’s contained neurovascular structures may share with
adjacent anatomical spaces such as the maxillary sinuses.
Thus, the purpose of this study was to investigate the
changes in the morphology of the infraorbital canal spe-
cifically during the functionally intricate late prenatal and
early postnatal periods.

Materials and methods

Specimens from the School of Anatomical Sciences, Uni-
versity of the Witwatersrand’s Pediatric Collection and the
Raymond A. Dart Collection of Human Skeletons were
used in this study. These Collections have historically
comprised both donated and unclaimed bodies, but more
recently have transitioned to a purely donated population
[18]. All bodies fall under the National Health Act, 2004
of the Republic of South Africa [24]. Ethics clearance to
utilize cadavers and skeletonized specimens for this study
was obtained from the University of the Witwatersrand’s
Human Research Ethics Committee (HREC-medical,
W-CJ-140604-1).

Sample

A total of 50 fetal and neonatal maxillae of intact human
skulls were assessed. Thirty-two cadavers were sourced
from the Pediatric Collection and a further 18 skulls were
obtained from the Raymond A. Dart Collection of Human
Skeletons. Maxillae with any evidence of congenital abnor-
malities, general damage, pathologies or surgical interven-
tion were excluded from this study.

The sample ranged in age between 30 gestational weeks
and 1 year postnatal. Age estimations utilized the methods
of Alqgahtani et al. [3], Hansen et al. [12] and Lubchenco
et al. [19]. The sample was subdivided into a late prenatal
(30 gestational weeks to birth) and an early postnatal (birth
to 1 year) age group based on the contrasting biomechanical
demands of the two periods of growth [21].
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Methods

All maxillae were scanned at the MIXRAD (Micro-focus
X-ray Radiography and Tomography) facility at the South
African Nuclear Energy Corporation (NECSA), using a
Nikon XTH 225L micro-CT X-ray unit (Nikon Metrol-
ogy, Leuven, Belgium). The scanning parameters were
optimized for the highest spatial resolution by conducting
region of interest scans. The scanning conditions ranged
between 150 kV/148 pm and 150 kV/100 pm to compen-
sate for the varying sample sizes. A 0.25 mm thick copper
filter was used to optimize X-ray penetrations through the
specimens [13]. The specimens were secured in place by
mounting them in a polystyrene mold. Scanning of the
specimen in 360° was facilitated by placing the mounted
specimen on a rotating sample manipulator. The maximum
magnification improved the visualization of the structures
that were analyzed. Nikon CTPro software (Nikon Metrol-
ogy, Leuven, Belgium) was utilized to reconstruct the
scans of the specimens. The scans were then imported into
VGStudio Max v2.3 (Volume graphics GmbH, Heidelberg,
Germany) as volume files [13].

Subsequent to volume file reconstruction, a surface
determination was applied to all scans prior to the align-
ment of the slices to a particular reference plane and the
insertion of markers. The surface determination allowed
for the clear selection of skeletal landmarks on the skull.
In order to standardize the orientation of the micro-CT
slices, a vertical reference plane was inserted in relation to
the nasal aperture by selecting three fiducial points on the
skull, namely the nasion and the two piriform curvatures.
The coronal slices were then aligned to the vertical refer-
ence plane (Fig. 1) while the transverse slices were aligned
to the Frankfort horizontal plane.

Measurements

In the assessment of the dimensions of the infraorbital
canal, an “internal” and an “external” infraorbital fora-
men were defined bilaterally. In order to undertake spe-
cific measurements, the infraorbital foramen proper was
termed the “external” foramen for the purposes of this
study, while the “internal” infraorbital foramen, situated
at the internal opening of the canal was defined to measure
the length of the canal. Both the “internal” and “external”
infraorbital foramina were identified through serial visual
scanning of the region. The openings were determined as
the position where all boundaries of the foramina were
evident. A horizontal reference plane was established
(Fig. 2a), parallel to the horizontally aligned palatine pro-
cesses of the maxilla, to assist in the assessment of the
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Fig.1 A reference plane (red grid) inserted in relation to the nasal
aperture of an early postnatal individual. The plane was inserted in
the coronal plane by selecting three fiducial points on the skull.
(Fiducial points: nasion (ns) (most anterior point of the frontonasal
suture, intersecting with the internasal suture) and the piriform curva-
ture (pc) (the most infero-lateral points of the piriform aperture)

maximum width of each foramen. The maximum width of
each foramen was measured parallel to the horizontal ref-
erence plane. The maximum width, maximum height and
surface area of the “internal” and “external” infraorbital
foramina, respectively, were measured bilaterally in the
coronal plane (Fig. 2b). The maximum width of each fora-
men was measured from its most lingual to its most buccal
point in the horizontal plane, while the maximum height of
the foramen was measured from the most superior to the
most inferior point, perpendicular to the maximum width
(Fig. 2b). The surface area of each foramen was calculated
using the VG studiomax software. For the measurement of
the length of the canal between the “external” and “inter-
nal” foramina, all slices were aligned to the midpoint of
the “external” foramen in the sagittal plane (Fig. 2c). In
cases where the canal had an internal angulation in its
floor, a marker was inserted at the point where the angle
of the canal changed (Fig. 2d).

The assessment of the morphology of the walls of the
canal was standardized by aligning the transverse slices to
the mid-point of the height of the “internal” foramina. The
sagittal slices were aligned to the mid-point of the width
of the “internal” foramina. The integrity of the walls of the
canal were classified as being absent (no bone is present at
the posterior end of the canal), patchy (the wall consists of
bony islets and may show signs of completion in certain
areas, but is still incomplete) or complete (definitive bony
walls without any defect) (Fig. 3).

In order to comprehensively study the branching pattern
(i.e. the secondary branches and their origin from the main
infraorbital canal) of the canal bilaterally within the maxilla,
the infraorbital region of interest was expanded beyond the
canal to include its associated branches to the orbit, maxil-
lary sinus and dentition. This was achieved by aligning the
slices to a coronal plane. Utilizing three-dimensional extrac-
tion, each branch of the canal was traced from its point of
origin to the specific region of the maxilla where it termi-
nated. The number of branches, their frequency of occur-
rence and the structure/s to which they led were recorded.
When possible, each specific tooth to which the branch of
the infraorbital canal led was noted. In cases where the
branches of the canal did not completely extend to a specific
tooth, the region where the canal was located was classified
as “heading towards either the anterior or posterior denti-
tion” or as “undifferentiated”.

Data analysis

All statistical analysis was performed with the use of PAST
(Paleontological Statistics) (Paleontological Associa-
tion, London, UK) and SPSS (Statistical Package for the
Social Sciences) v.25 (IBM, Armok, NY, USA) statistical
programs. To assess if the data was parametric in nature, a
Shapiro—Wilk’s test was performed. A paired sample “t”-
test compared all measurements on the left and right side.
As the data was found to be parametric and no significant
differences were observed between left and right, descriptive
statistics (mean and standard deviation) were calculated for
the mean value (left and right combined) of each measure-
ment of the infraorbital canal.

A multivariate analysis of variance (MANOVA) with a
Tukey’s post hoc test allowed for the assessment of variance
between dependent (measurements) and independent vari-
ables (age). A value of p <0.05 was considered to be statis-
tically significant. Qualitative data, such as the branching
pattern of the infraorbital canal and frequency of occurrence
of each branch directed towards a specific structure/s, was
assessed using contingency and frequency tables.

A Lin’s concordance correlation co-efficient of reproduc-
ibility was conducted on 10% of the sample [2]. Values rang-
ing between 0.8 and 1 were considered as acceptable levels
of repeatability.

Results

A high level of inter-observer repeatability (74—-100%) was
observed across all the measurements. While the potential
influence of asymmetry in the human form is acknowl-
edged, the assessment of differences between left and right
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Fig.2 Measurements of the infraorbital canal. a Coronal section indi-
cating the horizontal reference plane (yellow), inserted by selecting
a minimum of three reference points along the most horizontal plane
of the nasal floor, where the triangular median palatal process fuses
with the secondary palate. b Coronal section indicating the maxi-
mum height (A) and width (B) of the right “external” infraorbital
foramen of a late postnatal individual. Note that all the boundaries
of the foramen are evident. ¢ and d Sagittal view of a left infraor-
bital canal in early postnatal individuals. ¢ The canal does not have

measurements indicated no significant differences and thus
measurements were combined.

A general increase in the size of all the dimensions of the
infraorbital canal in the early post-natal group was observed
compared to the late prenatal group (Table 1). No signifi-
cant differences (p <0.05) were observed between the age
groups in terms of the measurements of the dimensions of
the “internal” foramen and length of the canal. However,
the mean surface area (p <0.024) and the maximum width
(» £0.052) of the “external” foramen were significantly
larger than in the late prenatal group.

A single infraorbital canal extending from the “internal”
infraorbital foramen to the “external” infraorbital foramen
was observed bilaterally in all individuals. The infraorbital
canal coursed in an antero-medial direction. The anterior
portion of the canal was directed medially and inferiorly
and emerged on to the external surface of the skull as the
“external” infraorbital foramen. An internal angulation in
the sagittal plane was observed in the floor of the infraorbital
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an internal angulation. The length of the infraorbital canal was thus
measured between the midpoints of the “external” (C) and “inter-
nal” (D) infraorbital foramina. d An internal angulation in the floor
of the canal is evident. The measurements were taken from the inter-
nal angulation marker (F) to the midpoint of the “internal” (G) and
“external” (E) infraorbital foramina, respectively, and then summed
to determine the total length of the canal. [Note that the position of
the boundaries of the “internal” and “external” infraorbital foramina
was determined in the coronal plane]

canal in only 14 individuals (late prenatal: n=9/27; early
postnatal: n=5/23). An accessory “external” foramen was
observed lateral to the main infraorbital foramen in only
one late prenatal individual (5%) on the left side of the skull
(Fig. 4).

The bony floor of the infraorbital canal appeared to be
thick and well developed throughout its entire length in both
age groups. The roof of the infraorbital canal was much
thinner and in some cases patchy, particularly in the late
prenatal group. A fully formed roof was present in only 10
prenatal (18.5%) and 6 postnatal (13.0%) canals (Fig. 5a). In
the remaining individuals (68.5%), the absence of the roof
extended between 25 and 50% of the posterior length of the
canal, creating an infraorbital groove posteriorly (Fig. 5b).
No noticeable difference in the degree of ossification was
seen between the lateral and medial walls of the canal. The
bone surrounding the canal had a homogenous appearance
in the prenatal group and showed trabeculae in the early
postnatal group across all surfaces (Fig. Sc, d).
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Fig.3 Integrity of walls of the infraorbital canal. a and b Sagittal
view indicating the roof and floor of the right infraorbital canal in
early postnatal individuals. a Note that the roof of the canal is absent
posteriorly (as indicated by the yellow arrows). b The roof is com-
plete along the entire length of the canal. ¢ and d Transverse view
of the infraorbital canal in a late prenatal (c) and early postnatal (d)

Anterior

individual. The integrity of both the medial and lateral wall of the
infraorbital canal in the late prenatal individual (c¢) have bony islets
(indicated by yellow arrows), while the integrity of the lateral and
medial wall of the infraorbital canal in the early postnatal individual
(d) are complete

Table 1 Mean (in mm) and
standard deviation (SD) of the
dimensions of the infraorbital
canal across the late prenatal
(group 1) and early postnatal

(group 2) periods of assessment

Measurement Group 1 (n=27): Group 2 (n=23) Differences
(30 weeks—birth) (40.5 weeks-1 year) between age
groups
Mean (mm) SD Mean (mm) SD (»<0.05)
“External” foramina width 2.02 +0.23 2.19 +0.39 0.052
“External” foramina height 1.93 +050 231 +0.88  0.061
“External” foramina surface area  7.23 +2.61 9.72 +4.72 0.024
“Internal” foramina width 2.04 +030 2.09 +0.33 0.852
“Internal” foramina height 1.64 +020 191 +098 0.152
“Internal” foramina surface area 5.93 +1.44 6.79 +2.51 0.114
Canal length 6.17 +255 772 +345 0.074

Variations in branches and branching patterns of the
canal were observed bilaterally within the same speci-
men as well as between different specimens (Table 2).

The number of branches of the infraorbital canal varied
between zero and three. The origin of these branches was
dependent on the number of branches that were present.
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Fig.4 The integrity of the walls of a late prenatal (b and d) and an
early postnatal (a and c¢) individual. a and b Sagittal view indicating
the roof and floor of the left infraorbital canal. Note that the roof of
the infraorbital canal in the late prenatal individual (b) is absent along
the posterior third of the canal (yellow arrows), while the roof of the
infraorbital canal in the early postnatal individual (a) is complete. ¢

The most frequently noted branch in the prenatal group
was a single branch directed towards the anterior denti-
tion (anterior undifferentiated; 23.9%) (Table 2, variation
2a). The second most frequent branch was a single branch
terminating at the canine (10.87%) and maxillary sinus
(10.87%), respectively (Table 2, variations 2¢ and 2d), fol-
lowed by two branches heading towards the anterior denti-
tion (anterior undifferentiated; 8.7%) (Table 2, variation
6a). Similar to the prenatal group, the most frequently seen
branch in the postnatal group was a single branch head-
ing towards the anterior dentition (anterior undifferenti-
ated; 14.8%), while the second and third most frequently
seen branches were two branches terminating at the 1st
premolar/1st deciduous molar (12.96%) and a single
branch terminating at the 1st premolar/1st deciduous molar
(11.11%), respectively (Table 2). A significant decrease in
the incidence of the types of branching pattern (p < 0.05)
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and d Transverse view indicating the medial and lateral walls of the
left infraorbital canal. Note that the bone forming the walls of the
infraorbital canal in the late prenatal individual (b and d) has a con-
sistent appearance, while the bone surrounding the infraorbital canal
in the early postnatal individual (a and c), has a trabeculated appear-
ance. (Infraorbital canal is indicated by a green star)

were observed in the early postnatal group when compared
to the late prenatal, except for the increased (p <0.015)
pattern found in the right undifferentiated anterior denti-
tion branch.

Discussion

The development of the infraorbital canal and its branch-
ing pattern are clinically relevant within the context of the
repair of cleft lip and palate and the administration of nerve
blocks during pediatric maxillofacial surgery and surgical
procedures of the maxillary dentition [10]. In addition, the
growth and development of the canal is equally important
in understanding the early growth of the mid-facial region
of the skull [20].
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Fig.5 Coronal view of the accessory “external” infraorbital foramen
(A) situated lateral to the main infraorbital foramen (B) in the right
side of the face in a late prenatalindividual

All the dimensions of the infraorbital canal were found to
be larger in the postnatal group when compared to the pre-
natal group in the current study. However, only the surface
area of the external foramina and their width were statisti-
cally significantly larger. By the postnatal stage, the width of
the “external” infraorbital foramen appears to have achieved
approximately 64-69% of the width of the foramen in an
adult population [9]. Moss and Greenberg [20] showed that
bone modeling and remodeling in the area of the infraorbital
canal and “external” infraorbital foramen occurs as a result
of biomechanical forces of surrounding structures such as
the growth of palatal and dental structures. These craniofa-
cial changes may explain the larger surface area and width
of the “external” infraorbital foramen in the postnatal group
in the current study.

As the maxillary tuberosity grows, the length of the
infraorbital canal is increased by appositional growth at the
posterior end of the canal [20]. Although previous studies [1,
10, 15] have measured the length of the infraorbital canal, it
should be noted that the inner point of measurement of the
canal was not clearly defined and thus may cause some bias
when the length of the canal is compared between studies.
Therefore an “inner foramen” was defined in the current
study to better delineate the length measurement. The mean
length of the infraorbital canal in the current study in both
the prenatal and postnatal groups is over double the length
measured by Farah and Faruqi [10] in fetuses between the
ages of 16-34 weeks. This may be due to a difference in
the definition of the position of the “internal” infraorbital
foramen in the two studies. The length of the canal in the
present study equates to only 21-27% of the average length
in an adult population [1, 14] indicating that major growth
in length must occur postnatally.

In the present study, an internal angulation in the floor of
the canal, was present in 14 of the immature individuals. An
angulation between the infraorbital canal and the infraorbital
groove has been documented by Hwang et al. [14] in adults.
However, the angulation in the floor of the infraorbital canal
in this study, may be indicative of the initiation of a change
in growth in this region resulting in a declivity in the ante-
rior portion of the canal as seen in adults [6, 20]. Although
the exact cause of the internal angulation is unknown, the
anterior and vertical growth of the cranium or the develop-
ment of the maxillary dentition may affect the direction of
the canal [7, 22].

Ossification of the canal walls was more advanced in the
postnatal group than in the prenatal group, but variations
occurred in both age groups. The roof of the canal was found
to be complete in more prenatal than postnatal individuals.
The absence of a roof along the posterior end of the canal
(creating a groove) in some individuals marks the region of
the infraorbital fissure in the floor of the orbit [20]. Consid-
ering that the roof of the infraorbital canal is formed by the
floor of the orbit [25], the integrity and thinness of the roof
of the canal may be a reflection of the development of the
orbit during the perinatal stages. The presence of a well-
developed canal floor, however, is not seen in all adult indi-
viduals as cases where the infraorbital nerve bulges into the
maxillary sinus have been reported [29, 30]. Nunez-Castruita
et al. [22] found that the lateral wall of the maxillary sinus
(medial boundary of the canal) in embryos had a progressive
ossification pattern. A variable degree of ossification along
the medial and lateral wall is expected during the prenatal
stages of development, as growth and bone deposition is still
progressing [22]. Although the exact developmental stage at
which closure of the canal begins is still unknown [5, 20],
it is evident from this study that closure of the walls of the
canal has already commenced at the late prenatal stages of
development. Bone modeling and remodeling in the area of
the infraorbital canal and the “external” infraorbital foramen
are said to occur as a result of the growth forces exerted by
surrounding structures such as the palate and the dentition
[20] and may thus play an important role in the degree of
ossification of the walls of the canal.

Variations in the number of branches and branching pat-
tern of the canal bilaterally within the same specimen, as
well as between different specimens, were found in this
study. Similar variations were observed in prenatal studies
of the maxillary nerve by Pearson [23] and Schwartz and
Langdon [27]. Iwanaga et al. [16] reported an additional
palpebral branch of the infraorbital nerve emanating from
the superior surface of the infraorbital canal, innervating
the lower eyelid. Although description of branches originat-
ing from the superior surface of the infraorbital canal are
rare [16], in the present study a branch heading towards the
orbit was observed in three individuals. A high incidence of

@ Springer



208 Surgical and Radiologic Anatomy (2021) 43:201-210

iati i o. Branches ariations
Table 2 Variations in the No. Branch Variati
branching patterns of the branch e
. . . No branches
infraorbital canal in the late
prenatal and early postnatal Late prenatal 0
Early Postnatal 1
groups 2 2b 2 2d 2
1 Branch
No subdivisions
Ant un PM1 MSs C PM2
Late prenatal 9 2 5 5 0
Early postnatal 8 6 2 2 2
1 Branch 32 3
2 subdivisions or
C PM1 C
Late prenatal 1 1
Early postnatal 0 2
4a 4b 4c
1 Branch
3 subdivisions / ?\.\ ,/>\ \
Co s i
ca ¢ uojpwe [« PM1
Late prenatal 0 1 1
Early postnatal 1 1 0
5a
1 Branch
5 subdivisions J
/S i
c u (@]
Late prenatal 0
Early postnatal 1
6a 6b 6C 6d l6e 6f
2 Branches
No subdivisions
Ant Un PM1 C PM1 PM1 LI MS  Ant Un PM PM2
1
Late prenatal 4 2 2 2 1 1
Early postnatal 3 2 7 1 0 5
6g 6h 6i [3] 6k or | or
PM1 AntUn MS MS C PM2 AntUn MS PM1
Late prenatal 2 0 0 0 0 1
Early postnatal 2 1 1 1 1 0
6m
_%
Ant Un
Late prenatal 1
Early postnatal 1
7a 7b 7c 7d
2 Branches
1 branch subdivides J /
into multiple . ," \\\
branches AntUn I / SN
Ant PM2 PM1| Ant PM1 C | PM2 MS
7 (,’ /l Un Un
c u a
Late prenatal 1 1 1 0
Early postnatal 0 0 0 1
8a 8b
Or
3 Branches
Ant Un PM1 C
Late prenatal 0 0
Early postnatal 1 1
%

Internal < > External

@ Springer



Surgical and Radiologic Anatomy (2021) 43:201-210

209

Table 2 (continued)

The number of individuals that presented with a particular branching pattern is indicated underneath the

pattern. The main and primary branches of the infraorbital canal are indicated in black, while the second-
ary branches are indicated by broken lines. Direction of the infraorbital canal is indicated below the table*

Ant Un anterior dentition undifferentiated, CI central incisor, LI lateral incisor, C canine, PMI 1st
premolar/1st deciduous molar, PM2 2nd premolar/2nd deciduous molar, MS maxillary sinus, Or orbit

a right undifferentiated branch in the prenatal group when
compared to the postnatal group was also found. Branches of
the canal in the prenatal group are still developing and have
not yet reached their specific targets. More branches were
found to be “undifferentiated” when compared to the postna-
tal group. Assessing the branching pattern of the infraorbital
canal relative to the developing dentition is important, as the
developmental fields of each tooth class are determined by
the branching patterns of the anterior, middle and posterior
superior alveolar nerves coursing through the infraorbital
canal and its secondary branches during the prenatal devel-
opment of the maxilla [27]. Knowledge of these branching
patterns is valuable in pediatric patients who require maxil-
lofacial surgery, particularly in cleft lip and palate repair as
well as regional block anesthesia [5, 16, 28], where access
to the maxillary sinuses may be required.

Limitations

The cross-sectional nature of the study limits the depth of
inferences that can be made regarding development and
growth trajectories of the maxilla. Furthermore, the sample
size may be considered to be small.

Conclusion

In conclusion, the dimensions of the infraorbital canal were
larger and the walls and bone surrounding the canal were
more defined in the postnatal stages of growth. While the
width of the external infraorbital canal had achieved approx-
imately 64-67% of its adult size, it appears that the length
of the canal will continue to increase relative to viscero-
cranial growth following the postnatal period. Furthermore,
the branching configuration of the infraorbital canal was bet-
ter defined in concert with the more developed dentition in
post-natal individuals. The description of the morphometry
and branching patterns of the infraorbital canal during the
late prenatal and early postnatal stages may provide valuable
insights to predict aberrant growth patterns and neurovascu-
lar distributions in the development of the mid-facial region.
The study also may assist with interpreting the normal, com-
plex growth relationships between the craniofacial bones and
associated spaces including the maxillary sinuses.
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