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Three-dimensional assessment of nasal changes
after maxillary advancement with impaction using
stereophotogrammetry

Gokhan Coban® Objective: To evaluate the changes in the nose in three dimensions after Le
Ibrahim Yavuz’ Fort 1 osteotomy in patients with skeletal Class 111 malocclusion. Methods: The
Busra Karadas® subjects were 40 adult patients (20 females and 20 males; mean age, 20.3 + 3.0
Ahmet Emin Demirbas’ years; range, 17.0 to 31.1 years) who underwent one-piece Le Fort 1 osteotomy

with maxillary advancement and impaction treatment for maxillary hypoplasia.
The mean maxillary advancement was 4.56 + 1.34 mm, and the mean maxillary
impaction was 2.03 + 1.04 mm. Stereophotogrammetry was used to acquire
three-dimensional images before and at least 6 months after surgery. Results:
‘Department of Orthodontics, Faculty  Alare (Al) and alare curvature (Ac) points had moved vertically and antero-
?ZRZ;“SW’ Erciyes University, Kayseri, - jaterally postoperatively. A significant increase was observed in the nasal ala
N ) ) width and alar base width, and no changes were noted in the columellar length,
Department of Oral and Maxillofacial . . . .
Surgery, Faculty of Dentistry, Erciyes nasolabial angle, and nasal area. There was a significant relationship between
University, Kayseri, Turkey maxillary impaction and nasal ala width and horizontal and sagittal positions
of the bilateral Al and Ac. The only relationship found was between maxillary
advancement and postoperative sagittal location of the subnasale and pronasale.
Conclusions: Nasal soft tissues were highly affected by the vertical movement
of the maxilla; however, the soft tissue responses were individual-dependent.
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INTRODUCTION

The major goals of orthognathic surgery treatment are
as follows: formation of facial esthetics and functional
occlusion, improvement and/or maintenance of airway
volume and periodontal health, healthy temporoman-
dibular joints, and elimination of the patient’s major
complaint.' For determination of facial aesthetics, the
nose is a very important structure as the center of the
face,” and all surgical interventions on the midface af-
fect the nose. Undesirable changes in the appearance
of the nose were the most important cause of patient
dissatisfaction in maxillary orthognathic surgery.” There-
fore, careful preoperative examinations of the nose and
implementation of a treatment plan based on these
findings will yield effective results.

Previous articles have used two-dimensional (2D)
methods, such as radiographs and photographs, to show
the aesthetic proportion of the profile and front of the
face.” However, since the human body is three-dimen-
sional (3D), face depth and shape cannot be accurately
evaluated using 2D measures. Recent developments in
technology have produced a variety of 3D techniques,
such as 3D computed tomography,” laser scanning,’
3D facial morphometry,” and stereophotogrammetry,>®
to capture facial topography and overcome the disad-
vantages of traditional photographic and radiographic
methods. Stereophotogrammetry is a fast, accurate,
highly reproducible, and non-invasive 3D digital cam-
era system that can easily yield not only linear but also
topographic, angular, and areal measurements in 3D.>"

The traditional belief is that maxillary advancement
often leads to shortening of the nasal ridge and an in-
crease in the nasolabial angle due to nasal tip elevation,’
and maxillary impaction with'® or without maxillary
advancement'' often leads to widening of the nose. This
may cause an unpleasant appearance in patients with a
wide nose preoperatively.

Many studies have been conducted with 3D digital
imaging systems to examine changes in the nose after
orthognathic surgery in relation to maxillary surgery and
the nasal tip, nasolabial angle, alar base width, and co-
ordinate pronasale changes.”®'>"> However, these studies
failed to investigate 3D nose symmetry in detail after
orthognathic surgery treatment. Therefore, the aims of
this study were as follows: (1) perform a comprehensive
evaluation of the 3D changes of the nose using stereo-
photogrammetry after maxillary advancement with im-
paction in patients with skeletal Class 111 malocclusion;
(2) assess the magnitude of 3D symmetry and post-
operative changes of the alare and alare curvature points
according to the reference planes; and (3) explore the
correlation between the hard and the soft tissue changes
after orthognathic surgery treatment.
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MATERIALS AND METHODS

Subjects

A retrospective study was designed and implemented
to address the research objectives. The study protocol
was approved by the Erciyes University Clinical Research
Ethics Committee (Approval No: 2018/83). The alar base
width for the first ten patients was evaluated in a pi-
lot study, and a power analysis (G*Power Software ver.
3.1.9.2; Universitit Diisseldorf, Diisseldorf, Germany)
was performed. A sample size of 39 patients had 90%
power to detect significant differences at a 0.05 sig-
nificance level. The study population consisted of all
patients presenting for evaluation and management
of skeletal Class 111 malocclusion and aged between 17
years 0 months and 31 years 1 month.

The subjects were 40 adult Turkish patients (20 fe-
males and 20 males; mean age, 20.3 + 3.0 years) who
underwent orthodontic treatment and maxillary surgery
for skeletal Class 111 malocclusion at Department of Or-
thodontics and Oral Maxillofacial Surgery, Faculty of
Dentistry, Erciyes University, Kayseri, Turkey. All patients
underwent maxillary orthognathic surgery, including
one-piece Le Fort type 1 maxillary advancement and
maxillary total impaction, to achieve a Class 1 dentoskel-
etal relationship. The mean maxillary advancement was
4.56 + 1.34 mm and the mean maxillary impaction was
2.03 + 1.04 mm. To measure the amount of surgical
movement on the cephalometric film, a horizontal refer-
ence plane (HRP) was formed 7° from the sella-nasion
plane, and the vertical reference plane (VRP) passing
through the sella was drawn perpendicular to this hori-
zontal plane (Figure 1).° The perpendicular distances of
the hard tissue A point to VRP and the posterior nasal
spina (PNS) to HRP between before and after the or-
thognathic surgery revealed the amount of movement.
The hard tissue A point was used for evaluation of ad-
vancement of the maxilla and the PNS point was used
to evaluate the impaction. The occlusal plane angle was
measured to check impaction and was 15.36° + 7.31°
pre-surgery and 14.97° + 5.31° post-surgery.

None of the patients had severe facial asymmetry, his-
tory of trauma, congenital anomalies, and/or other cra-
niofacial disorders. Patients who underwent an anterior
nasal spina (ANS) reduction, an alar base cinch suture,
or a rhinoplasty surgery were excluded. All patients had
a body mass index between 18 and 26 kg/m’. The 3D
images of the patients were acquired with stereopho-
togrammetry (3dMD Face; 3dMD, Atlanta, GA, USA) 1
day before and at least 6 months (8.91 + 2.81 months)
after surgery on the same day that the cephalometric
films were taken, in the natural head position (NHP),
centric occlusion, and with the lips at rest. For acquisi-
tion of NHP,'* the patients were firstly recommended
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to walk around and relax. Next, the patients performed
gradually decreasing forward and backward head oscil-
lations until they settled their heads into a self-balanced
position. They were then asked to look at the reflection
of their eyes in a mirror. Soft tissue nasal changes were
evaluated using the 3dMDvultus (3dMD) software, and
the file format was “tsb.”

For the initial registration, the 3D images of the pa-
tients before and after surgery were aligned manually,
before using the automatic registration feature of the
software for fine-tuning the alignment. After the 3D
images were adequately positioned manually, the most
optimal surface areas of the face that would not be

Figure 1. Evaluation of surgical quantities of hard tissues.
N, Nasion; S, sella; A, A point; ANS, anterior nasal spina;
PNS, posterior nasal spina; HRP, horizontal reference
plane; VRP, vertical reference plane.
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influenced by surgery were selected: the widest surface
on the forehead, the surface from the nasal root to the
nasal hump, and the lateral regions of the exocanthion
(Figure 2A)."”” The 3D image superimpositions were
shown to be reliable with an average root mean square
(RMS) error of 0.24 and a range of 0.12 to 0.45 (smaller
than 0.5). These data were clinically acceptable and con-
sistent with previously used methods.'®

The landmarks for the soft tissues (Figure 2B) and ref-
erence planes (Figure 3A) are defined'® in Table 1. The
3D coordinates of the facial soft tissue landmarks were
manually placed using 3dMDvultus (3dMD) software.
The following facial soft tissue landmarks were consid-
ered:

® Median points: nasion, na; pronasale, prm; subna-
sale, sn; columella constructed, cc; labiale superior,
Is.

e Lateral points: (right and left sides indicated by sub-
scripts _r and _], respectively) endocanthion, en_r
and en_l; exocanthion, ex_r and ex_I; alare, al_r and
al_l; alar curvature, ac_r and ac_l.

In determining the 3D coordinate system settings,'”
left and right pupil points are connected by a segment
that defines the x (left-right)-axis. The YZ plane perpen-
dicularly bisects the x-axis. The z-axis is the anteropos-
terior axis of the face on the YZ plane. The y (vertical)-
axis segment passes perpendicularly through the center
of the z-axis on the YZ plane. The imaginary center
point of 3D facial geometry is the zero point [y = 0, z =
0, and yz = 0). The xz plane is perpendicular to the yz
plane and passes through the zero point. The xy plane
passes through the zero point and is perpendicular to
the yz and xz planes (Figure 3A). The 3D coordinate
values (X, y, and z) of the landmarks were acquired using
the coordinate system of the imaginary center of facial
geometry (the zero point).

The changes in the 3D coordinates and directions of

Figure 2. A, Reference markers used for superimposition: forehead area (the wide surface over the eyebrows), nasion
area (the corresponding soft tissue point from the nasal root to the nasal hump), and exocanthion (the 3/4 lateral re-
gions of the exocanthion). B, Soft tissue landmarks. na, Soft tissue nasion; en, endocanthion; ex, exocanthion; prn, pro-
nasale; cc, columella constructed point; al, alare; ac, alare curvature; sn, subnasale; Is, labiale superior; r, right; |, left.
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Figure 3. A, Axial reference
plane passing through both
endocanthions when the pa-
tients had their natural head
positions. Sagittal reference
plane passing through na,
perpendicular to the axial
and coronal reference planes;
coronal reference plane pass-
ing through both exocan-
thions, perpendicular to the
axial and sagittal planes. B,
External nasal surface area
measurement was computed
following soft tissue nasal
borders.

na, Soft tissue nasion; ac,
alare curvature; sn, subnasale;
r, right; |, left.

Table 1. Definitions of soft tissue landmarks and reference planes

Soft tissue landmark Abbreviation Definition
Nasion na The point in the midline of both the nasal root and the frontonasal suture
Endocanthion en The soft tissue point located at the inner commissure of the each eye fissure
Exocanthion ex The soft tissue point located at the outer commissure of the each eye fissure
Pronasale prn The most prominent point on the nasal tip
Columella constructed point cc The midpoint of the columella crest at the level of the nostril top points
Alare al The most lateral point on each alar contour
Alare curvature ac The point located at the facial insertion of each alar base
Subnasale sn The midpoint on the nasolabial soft tissue contour between the columella crest

and the upper lip

Labiale superior Is The midpoint of the vermilion line of the upper lip

Reference plane

Axial plane A plane constructed with the right endocanthion and the left endocanthion on
the natural head position, parallel to the floor
Coronal plane A plane constructed with the right exocanthion and the left exocanthion,
perpendicular to the axial plane
Sagittal plane A plane constructed with nasion, perpendicular to the axial and coronal planes
landmarks are shown in Table 2. The preoperative differ- tients after orthognathic surgery treatment.
ences in each right and left al and ac points according The external nasal surface area was the computed
to the reference planes were compared to the postop- sum of the surfaces between na, the following soft tis-
erative differences (Table 3). Table 3 shows the changes sue border of the right alar-facial sulcus, the groove and
in bilateral Al and Ac between reference planes and pa- right ac, sn, and left ac, the following soft tissue border
252 https://doi.org/10.4041/kjod.2020.50.4.249 www.e-kjo.org
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Table 2. Changes in three-dimensional coordinates of landmarks

Variable X Y z

AT (T1-T0) p-value AT (T1-T0) p-value AT (T1-T0) p-value
Prn -0.08 £ 0.95 0.928 1.14+1.63 0.000*** 1.35+0.87 0.000***
Sn -0.14+0.75 0.459 0.60 +0.99 0.000%** 2.24+1.59 0.000***
Al_r -1.22+0.90 0.000%** 1.21+£1.20 0.000%** 2.64+1.55 0.000***
Al_l 1.25+1.28 0.000%** 1.07+£1.72 0.002** 2.82+1.29 0.000***
Ac_r -1.42+0.90 0.000%** 0.78 +1.10 0.000%** 3.67+1.43 0.000***
Ac_l 1.54 +1.27 0.000*** 1.12+1.33 0.000%** 3.32+£1.73 0.000%**

Values are presented as mean + standard deviation.
Paired-samples t-test were performed.

TO, Presurgery; T1, postsurgery; AT, amount of change after surgery (T1-T0); x-axis, left (no sign), right (minus sign); y-axis,
superior (no sign), inferior (minus sign); z-axis, anterior (no sign), posterior (minus sign).

**p <0.01, **p < 0.001.
See Table 1 for definitions of the other landmarks.

Table 3. Three-dimensional nasal symmetry measurements
according to the reference planes

Variable TO T1 p-value

Sagittal (x) (mm)

Al_l/Al_r -0.78+1.77 -0.80+2.18 0.892

Ac_1/Ac_r -1.06+2.06 -1.18+2.21 0.574
Axial (y) (mm)

Al1/ALxr 0.64+1.40 0.50 £ 0.86 0.487

Ac_1/Ac_r 0.39+£0.93 0.74 £0.93 0.004**
Coronal (z) (mm)

AL /AL r 0.56 +1.48 0.38+1.73 0.339

Ac_l/Ac_r 0.53+1.32 0.88 +1.30 0.339

Values are presented as mean + standard deviation.

Paired t-test was performed.

TO, Pre-treatment; T1, post-treatment; Al_1/r, alare left/right;
Ac_l/r, alare curvature left/right; Point_l/Point_r, difference
between the distances from point_l and point_r to the
reference plane.

**p <0.01.

of the left alar-facial groove, the sulcus and na (Figure
3B). The changes in the 6 coordinate values, 6 difference
values, and the 5 linear, 1 angular, and 1 areal measure-
ments (Tables 2, 3 and 4) were calculated, and the cor-
relations between hard and soft tissues were evaluated,
(Table 5) in this study.

Statistical analysis

All the data in this study were normally distributed
according to the Shapiro-Wilk test. The samples were
evaluated as a single group and analyzed by the paired-
samples t-test, since there was no statistically significant
difference in the soft tissue changes between male and
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female patients in the independent-samples t-test. A
p-value < 0.05 was considered statistically significant.
The correlations between the soft-tissue and hard-
tissue movements in the horizontal, vertical, and sagittal
planes were analyzed by Pearson correlation analysis.
The measurements of ten patient’s digital images were
performed twice by the same examiner (GC) one month
apart. Intraclass correlation coefficients for nasal mea-
surements were between 0.85 and 0.98, indicating a
strong positive correlation and sufficient reliability.'

RESULTS

The 3D coordinate (x, y, and z) values of the land-
marks were obtained by using a coordinate system.
In the horizontal (x) plane, bilateral al and ac showed
significant lateral movement while there were no signifi-
cant changes in prn and sn. In the vertical (y) plane, all
soft tissue landmarks moved upward, and in the sagit-
tal (z) plane, all soft tissue landmarks moved forward
significantly (Table 2). The average increase of 0.4° in
the occlusal plane angle was not statistically significant.
Table 3 shows the difference between pre- and post-
operative measurements to the reference planes of the
right and left al and ac in 3 dimensions. Only the verti-
cal (y) preoperative difference between the right and left
ac increased significantly after the operation (Table 3).
There was a significant increase in the 3D linear mea-
surements of the nose alar width and alar base width,
and there were no significant changes in the nasal
bridge length, columellar length, nasolabial angle, nasal
tip protrusion, and external nasal surface area (Table 4).
Table 5 shows the correlation between hard tissue and
soft tissue changes. There was a significant relationship
between maxillary impaction and nasal alar width, and
lateral and anterior movements of the bilateral al and
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Table 4. Changes in nasal measurements

Variable TO T1 p-value
Nose/alar width (Al_r-Al_I) (mm) 34.70 £3.77 37.04 +3.90 0.000***
Alar base width (Ac_r-Ac_l) (mm) 29.05 +3.11 32.09 + 3.56 0.000***
Nasal bridge length (Na-Prn) (mm) 46.94 + 5.46 46.78 £ 5.46 0.500
Nasal tip protrusion (Sn-Prn) (mm) 19.97 +4.87 19.64 + 4.64 0.130
Columellar length (Sn-Cc) (mm) 9.96 +2.58 9.90 +2.57 0.872
Nasolabial angle (Ls-Sn-Cc) (°) 103.41 + 15.32 103.02 +11.95 0.766
Nose area (cm?) 24.81 +4.01 24.65 + 4.32 0.712

Values are presented as mean + standard deviation.
Paired t-test was performed.

TO, Pre-treatment; T1, post-treatment; Al_1/1, alare left/right;

Ac_l/r, alare curvature left/right; Na, soft tissue nasion; Prn,

pronasale; Sn, subnasale; Cc, columella constructed; Ls, labiale superior.

***p < 0.001.

Table 5. Correlations of soft-tissue and hard-tissue changes

Maxillary advancement Maxillary impaction
Variable (mean 4.56 + 1.34 mm) (mean 2.03 + 1.04 mm)

Movement (%) p-value Movement (%) p-value
Prn_y 24 0.133 13 0.410
Prn_z 31 0.029* 14 0.768
Sn_y 21 0.189 14 0.525
Sn_z 38 0.034* 1 0.318
Al_x 10 0.896 35 0.026*
Al y 12 0.588 12 0.486
Al_z 25 0.145 43 0.003**
Ac_x 25 0.434 & 0.048*
Ac_y 22 0.692 5 0.803
Ac_z 25) 0.131 40 0.003**
Nasal alar width 10 0.542 36 0.038*
Alar base width 20 0.075 32 0.063

Mean values for bilateral points (Al and Ac) are presented.
Pearson correlation analysis was performed.

Prn, Pronasale; Sn, subnasale; Al, alare; Ac, alare curvature; _x, transversal direction; _y, vertical direction; _z, anteroposterior

direction.
*p <0.05, **p < 0.01.

ac. The only significant positive correlation was noted
between maxillary advancement and anterior movement
of sn and pm.

DISCUSSION

The aim of this study was to evaluate the effect of
maxillary advancement and impaction on 3D nasal
symmetry and changes in the soft tissues of the nose.
We used 3D stereophotogrammetry, a fast and reliable
technique’ that is accurate enough for clinical use with
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a clinical error of 0.2 to 1.0 mm® compared to 0.5-1.0
mm for laser scanning.’

Imaging is a commonly used method in orthodontics
and maxillofacial surgery to record, evaluate, and display
the size and shape of craniofacial structures. The 3D im-
aging systems include 3D computed tomography,” laser
scanning,® 3D facial morphometry,” and stereophoto-
grammetry.”® The advantages of stereophotogrammetry
include fast capture times, which decrease the likelihood
that 3D images will be affected by body movements;
minimal cooperation required from patients; no expo-
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sure to radiation; accurate and precise measurements
obtained by rotating the images in the desired direc-
tion; high reproducibility; the provision for linear, topo-
graphic, areal, and volumetric measurements; and the
facility to perform registration on pre- and post-surgery
images.”” Disadvantages are the need for additional im-
aging methods (such as cone-beam computed tomog-
raphy and cephalometric roentgens) for evaluation of
hard tissues,”® high cost, the requirement of a large spe-
cialized area to set up the machinery, the difficulties of
displaying complex areas and anatomical gaps, the need
to calibrate the system frequently, and the impossibility
of acquiring dynamic images.® The 3D image collec-
tion and evaluations were performed at least 6 months
after surgery to allow complete resolution of edema
and establishment of soft-tissue adaptation to maxillary
osteotomy.” In assessments of 3D coordinates, Baik and
Kim® observed a mean 1.3-mm movement in al_r to the
right side and in al_l to the left side, and both of these
moved anteriorly by a mean distance of 2.3 mm, which
was similar to our results for al and ac.

Consistent with previous reports, a tendency toward
an upward and forward movement of the prn was ob-
served in this study.*”'*** Schendel and Williamson’
reported a mean nasal tip elevation of 2.4 mm and an
impaction of 6.4 mm in patients who underwent mean
maxillary advancement. In this study, the mean 1-mm
upward movement of prm may have been due to the dif-
ferences in surgical quantities.

The differences in the distances of the right and left al
and ac points relative to the reference planes before and
after treatment and horizontal changes of prn and sn
were examined to evaluate 3D nasal symmetry changes.
These values were considered smaller post-operatively
with no deviations observed at prn and sn. Only the dif-
ference between the vertical (y) positions of the right
and left ac points increased by 0.3 mm after the opera-
tion; this may be due to ac points that were closer to
the osteotomy line and the soft tissues underlying these
points being thin. The increases were statistically signifi-
cant; however, we observed that it was clinically insig-
nificant.

ANS is an important component of nasal tip protru-
sion,” and when ANS is left untouched, as in our study,
larger quantities of nasal tip movement could be seen.””
However, Gassmann et al.”’ claimed that there was no
significant relationship between the presence or absence
of ANS and nasal tip protrusion.

An increase was reported in the nasal alar width and
alar base width after maxillary advancement surgery
by both McCance et al.,” who used a 3D laser scanner,
and Ferrario et al.,” who used 3D facial morphometry.
Baik and Kim® reported a mean alar widening of 2 mm,
and Chung et al.”” reported a significant increase in alar
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width and alar base width even in cases where a cinch
suture was properly used. Interalar width was always
greater post-surgery, probably because the nasal base,
like sn, was pushed forward by maxillary advancement
surgery.” Honrado et al.” reported equivocal results, both
decreases and increases, with nasal tip protrusion and
columellar length, and the nasolabial angle was the only
measurement showing a significant increase in patients
who underwent maxillary advancement and impaction.
Chung et al.”” reported a mean decrease of 1 mm in
nasal tip protrusion, which was significant. This study
showed an insignificant decrease in nasal tip protrusion,
which could have occurred because sn was closer to the
underlying hard tissue than to pm.

Misir et al.”* reported that there was no significant
change in the nasolabial angle in 27 patients who were
treated with bimaxillary surgery. Radney and Jacobs™
indicated that the change in the nasolabial angle was
associated with the amount and direction of the maxil-
lary surgery. No clockwise or counterclockwise rotation
was made in our patients, and no significant change
was found in the nasolabial angle.

The nasal bridge length that was measured from the
na to the prn showed a tendency to decrease post-sur-
gery, which was possibly due to changes in the direction
of the prn.'®” There was no significant change in the
nose area after orthognathic surgery, which was similar
to the report by Sforza et al.”®

The ratios of the soft-tissue to hard-tissue changes
in the pm and sn were 31% and 33% sagittally in our
study. The respective measurements in the study by Baik
and Kim® were 30% and 57% and 81% and 29% in the
study by Soncul and Bamber.”” In this study, the mean
amounts of maxillary advancement and impaction were
4.6 and 2.0 mm, respectively, while they were 1.0 to
3.0 mm in the study by Baik and Kim® and 3 mm in the
study by Soncul and Bamber.”” The differences in the ra-
tios were most probably caused by the degrees of surgi-
cal movement. The reason for comparing the facial mid-
line soft tissues following maxillary movements to the
lateral soft tissues was that the semicircular form of the
maxilla and the muscular attachments were more tightly
connected to the bone in the midline.”” Freihofer’ ob-
served that the sn and prn advanced by 50% and 25%
with the maxilla, respectively.

Sarver and Weissman®' reported that the soft tissue
changes associated with maxillary impaction were mini-
mal. However, we found a significant vertical decrease in
all nasal landmarks (prn, sn, al, and ac) measured. The
ratios of the transversal al and ac changes relative to
the maxillary impaction were 35% and 33%; the sagit-
tal change ratios were 43% and 400%, respectively. There
was a significant correlation between nasal alar width
and maxillary impaction. Previous studies suggested that
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the probability of erroneous measurements in the verti-
cal direction was greater than those in other directions,
and the correlations with the vertical changes were
difficult to predict.”*”® Soft tissue response differences
might be due to the amounts of hard tissue movements,
muscle structures, racial, and biological differences in
the subjects, or unique variations in the soft tissue re-
sponses.

The limitations of the present study were the small
sample size in each group and the lack of a control
group. To make predictions of nasal changes according
to maxillary skeletal changes, a larger sample size and
control group of untreated patients would be needed in
future studies.

The results of this study suggest that clinicians can
predict the effect of orthognathic surgical interventions
for the maxilla on the nasal structures and 3D nasal
symmetry via a preliminary assessment and use this to
guide surgical planning to improve patient outcomes.
However, despite the increased use and advancement of
3D imaging systems, soft tissue predictions, especially
in the nose, are still quite limited,? and it is not always
possible to anticipate the nasal changes precisely after
maxillary surgery.’

CONCLUSION

Patients should be thoroughly informed about nasal
changes after orthognathic surgery and the possibility
of additional nasal surgical procedures before surgery.
3D stereophotogrammetry may be a valuable and useful
tool in evaluating the nose in 3 dimensions.

The following conclusions can be reached from this
study:

® Maxillary impaction was found to be correlated with
changes in the horizontal and anteroposterior location
of bilateral alare and alare curvature and nasal ala width
measurements, while maxillary advancement was corre-
lated only with changes in the anteroposterior location
of the pronasale and subnasale.

e Alare and alare curvature points moved laterally, and
an increase was observed in nose width.

e Nasal symmetry did not change after surgery, with
the exception of the left and right vertical position of
the alare curvature.

® Both pronasale and subnasale moved upwards; how-
ever, pronasale moved to a greater extent.

® The external nasal surface area did not change.
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