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Combined 3-dimensional and mirror-image
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Three-dimensional imaging techniques have greatly improved our ability to assess asymmetry by means of lin-
ear and angular measurements. However, visualizing deformities enables a unique appreciation of the underly-
ing deformity, which might not be possible by looking at quantitative numbers alone. This article describes the
method of a mirror-image analysis technique to visualize the asymmetry to assist in diagnosis and treatment
planning. Other advantages of a mirror-image analysis, in addition to the quantitative analysis, are also dis-
cussed. (Am J Orthod Dentofacial Orthop 2011;140:886-94)
The development of computerized tomography (CT)
has greatly reduced errors of frontal cephalometry
and improved our ability to diagnose asymmetry

and other craniofacial deformities.1,2 Cone-beam CT
(CBCT) was developed for 3-dimensional (3D) imaging
of the maxillofacial area and has become popular in den-
tistry, orthodontics, and maxillofacial surgery.3 The ad-
vantages of CBCT include less radiation exposure (than
conventional CT), less artefact formation, and submilli-
meter spatial resolution.3 CBCT has been shown to pro-
duce accurate 3D images of the craniofacial region and
a 1-to-1 image-to-reality ratio, which is necessary for
accurate detection of the underlying deformities and
asymmetries.4-8

Recent literature has described new quantitative
analyses to diagnose asymmetries on 3D CT or CBCT
images.1-3,9-14 Because quantitative measurement is
a key element in diagnosis of asymmetry, 3D images
are best suited for accurate diagnosis. Quantitative
measurement provides important information for
treatment planning; eg, it determines the target area
for operation and the surgical method to be followed.
University Medical Center Groningen, University of Groningen, Groningen,
etherlands.
raduate student, Department of Orthodontics.
rer and staff orthodontist, Department of Orthodontics.
rer and staff maxillofacial surgeon, Department of Oral and Maxillofacial
ry.
ssor and chair, Department of Orthodontics.
uthors report no commercial, proprietary, or financial interest in the prod-
r companies described in this article.
t requests to: Janalt Damstra, Department of Orthodontics, University
al Center Groningen, PO Box 30.001, Groningen, 9700 RB, The Nether-
; e-mail, j.damstra@dmo.umcg.nl.
itted, January 2010; revised and accepted, March 2010.
5406/$36.00
ight � 2011 by the American Association of Orthodontists.
.1016/j.ajodo.2010.03.032
However, by looking at quantitative numbers alone, it
might not be possible to appreciate the extent of the
underlying deformity. To overcome this limitation,
Terajima et al14 described a visual 3Dmethod for analyz-
ing the morphology of patients with maxillofacial defor-
mities. They superimposed a standard 3D Japanese
skeletal model on the patient’s 3D CT images to show
the underlying deformities. However, these 3D templates
only satisfy the Japanese norms; this limits their clinical
applications. We use a mirror image for visual analysis of
the asymmetry. The mirror-image analysis does not rely
on population norms and can therefore be used for the
detection of asymmetries in all populations. A mirror im-
age is a reflected duplication that appears identical but
in reverse. By superimposition of the mirror image of
the anatomically correct part of the anatomy over the
deformity, the differences become visual and can also
be quantified. The use of mirror images is not new in
craniofacial imaging techniques. In maxillofacial sur-
gery, the reverse models of 3D mirror-image templates
have been described to correct and reconstruct various
craniofacial abnormalities.15,16

The aims of this study were to illustrate and discuss
the method of mirror-image analysis in addition to the
quantitative 3D analysis of asymmetry with a case report.
The advantages of the mirror-image analysis will also be
discussed.

MATERIAL AND METHODS

A boy, aged 14 years, was referred to the Department
of Orthodontics at the University of Groningen, Gronin-
gen, The Netherlands, as part of the multidisciplinary
approach for treatment of Parry-Romberg syndrome.
His medical history showed that noticeable asymmetry
began at the age of 6 years, indicating early onset of
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Fig 1. Three-dimensional surface model of the patient with early-onset Parry-Romberg syndrome:
A, frontal view; B, inferior view; C, right lateral view; D, left lateral view.
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the disease. The diagnosis of Parry-Romberg disease was
made at the age of 7 years. The extraoral examination
showed a marked asymmetry from atrophy of the right
side of the face. The chin was deviated to the right,
and deviation of the nose to the affected side was no-
ticeable. The intraoral examination showed that the
mandibular dental midline was rotated to the right. De-
layed eruption of the mandibular premolars and molars
was noted on the right side.

A CBCT image of the patient was acquired by using
a KaVo 3D eXam scanner (KaVo Dental, Bismarckring,
Germany). The image was made with a 17-cm field of
view at a voxel resolution of 0.4 mm. The CBCT data
set was exported in DICOM file format and imported
into SimPlant Ortho Pro software (version 2.00; Materi-
alise Dental, Leuven, Belgium). The 3D image was
rendered, and surface models of the hard tissues were
created with the software (Fig 1). To quantify the osse-
ous changes, a 3D analysis was developed combining
linear and angular measurements previously de-
scribed.1-3 The measurements used for the quantitative
3D analysis are illustrated in Figure 2 and described in
Table I. Asymmetry was described by the right-side mea-
surement subtracted from the left-side measurement.1,2

In addition to the quantitative 3D analysis, a mirror-
image analysis was performed to visually analyze the
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extent of the atrophy and confirm the diagnosis. The
method for the mirror image of the maxilla was as fol-
lows: the left unaffected side was mirrored along the
midsagittal plane. The mirror image was then superim-
posed over the right affected side (Fig 3, A-C). The
software allows for the surface models to become semi-
transparent and allows for movement of the models in
all 3 planes of space. Visual inspection of the anterior
and posterior cranial base confirmed the superimposi-
tion (Fig 3,D). For the mandible, a vertical plane through
the spina mentalis, parallel to the midsagittal plane, was
used because of the chin deviation (Fig 4, A). The left
side was mirrored and superimposed over the right side
(Fig 4, A-C). Visual inspection of the inner contour of
the cortical plates of the inferior border of the symphysis
confirmed the superimposition (Fig 4, D). For both the
maxilla and mandible, the difference in volume was
visualized with the software by means of a customized
color scale (Figs 3, F, and 4, F). The measurement differ-
ences were used as a guide to determine the parameters
of the color scales.

RESULTS

The quantitative results of the 3D cephalometric
analysis are described in Table II. The smaller measure-
ments indicate that the mandible and the maxilla were
ics December 2011 � Vol 140 � Issue 6



Fig 2. Measurements used for the quantitative analysis of asymmetry: 1, Maxillary rotation; 2, maxil-
lary height; 3, maxillary dental height; 4, maxillary width; 5, maxillary dental width; 6, mandibular rota-
tion; 7, ramus length; 8, mandibular body length; 9, total mandibular length; 10, mandibular width; 11,
mandibular dental width; 12, mandibular dental height; 13, gonial angle; 14, lateral ramus inclination;
15, frontal ramus inclination; 16, facial width; 17, occlusal cant; 18, mandibular cant; 19, total maxillary
width and total mandibular width; 20, condylar width.
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affected on the right side. The facial width was 5 mm less
on the right side compared with the left side. This indi-
cates restricted growth of the zygomatic arch because of
soft-tissue atrophy. The maxilla height was decreased on
the right side (1.7 mm). However, there was no difference
between the maxillary dental heights of the left and right
sides, possibly because of the overeruption of the
December 2011 � Vol 140 � Issue 6 American
maxillary dentition from the delayed eruption of the
posterior mandibular dentition.

The mandible was rotated 4.88 mm to the right. On
the affected side, the mandibular body length was 10.3
mm shorter compared with the left side. The ramus
was also 4.2 mm shorter on the affected side. The differ-
ence in the ramus length explains the significant cant of
Journal of Orthodontics and Dentofacial Orthopedics



Fig 2. (continued).
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the mandible (13.0�). The restrictive nature of the dis-
ease manifested not only as restriction of the lengths
but also the angular development of the mandible.
Most noticeable was the underdevelopment of the go-
nial angle on the right side; it was 113.0� on the left
side compared with 125.9� on the right side. The lateral
and frontal ramus inclinations were smaller on the right
side (6.2� and 3.0�). Delayed eruption caused the under-
development of the alveolar process of the mandible (5.3
mm) and resulted in an occlusal cant. Interestingly, al-
though the lower face of the affected side showed signif-
icant osseous changes, the condylar width dimensions
were not different from the unaffected side.

The mirror-image technique visualized the findings
of the quantitative 3D analysis regarding the hypoplasia
of the zygomatic region and the mandible. The differ-
ences between the mirror image and the affected side
were calculated and illustrated with color scales in
Figures 3, F, and 4, F.

DISCUSSION

Parry-Romberg syndrome (or progressive hemifacial
atrophy) is an uncommon degenerative condition char-
acterized by a slow and progressive atrophy of facial tis-
sues, muscles, bones, and skin.17-26 The progressive
atrophy of the facial tissues is often in stark contrast
to the apparently normal contralateral side. The extent
American Journal of Orthodontics and Dentofacial Orthoped
of the atrophy is usually limited to 1 side of the face.
The osseous lesions described in Parry-Romberg syn-
drome appear to be related to the age at which the con-
dition appears. With late onset of the condition after the
age of 15 years, the lesions appear exclusively in the soft
tissues.24 Restriction of skeletal growth from the soft-
tissue atrophy of early-onset Parry-Romberg syndrome
has been previously reported. However, Duymaz et al26

reported no osseous changes of the craniofacial region
after 3D CT examination of a patient with early-onset
Parry-Romberg syndrome. In our patient, early onset
of the atrophy resulted in hypoplasia of the fronto-
orbitozygomatic region, mandibular rotation, and
underdevelopment of the mandible in all dimensions
of space. This is in contrast to the findings of Duymaz
et al. It would, however, be incorrect to draw conclusions
from 1 case report because the osseous changes might
be different from person to person. This is because
involvement can stabilize at any stage of growth and de-
velopment, and patients who manifest atrophy earlier
have greater repercussions.24 Future studies will
investigate a larger group of patients with early-onset
Parry-Romberg syndrome by means of 3D analysis to
fully determine the characteristics of early-onset
soft-tissue atrophy on the middle and lower face.

The mirror-image analysis performed in addition to
the quantitative 3D analysis proved to be valuable. Not
ics December 2011 � Vol 140 � Issue 6



Table I. Reference planes and measurements used for this analysis

Reference planes Description
1. Midsagittal Plane that passes through nasion and the constructed midpoint between the lateral points of the

foramen magnum and the constructed midpoint between the left and right clinoid processes
2. Frankfort horizontal Plane that passes through both orbitale landmarks and through the mean of the 2 porion

landmarks
3. Occlusal Plane that passes through the midpoint of the maxillary incisor tip and mandibular incisor tip

landmarks, the midpoint of the maxillary right first molar mesial cusp and the mandibular
right first molar mesial cusp and the mean of the maxillary left first molar mesial cusp and the
mandibular left first molar mesial cusp

4. Mandibular Plane that passes through both gonion landmarks and menton

Measurements Description (distance or angle)

1. Maxillary rotation Point A to the midsagittal plane
2. Maxillary height Jugulare to the Frankfort horizontal plane

3. Maxillary dental height Mesial cusp tip of the maxillary first molar to the Frankfort horizontal plane
4. Maxillary width Jugulare to the midsagittal plane

5. Maxillary dental width Mesial cusp tip of the maxillary first molar to the midsagittal plane
6. Mandibular rotation Pogonion to the midsagittal plane

7. Ramus length Condylion to gonion
8. Body length Gonion to menton

9. Total mandibular length Condylion to menton
10. Mandibular width difference Antegonion to the midsagittal plane

11. Mandibular dental width difference Mesial cusp tip of the mandibular first molar to the midsagittal plane
12. Mandibular dental height difference Mesial cusp tip of the mandibular first molar to the mandibular plane

13. Gonial angle Angle between a line that connects the landmarks of gonion and condylion and a line that
connects gonion and menton

14. Lateral ramus inclination Angle between the Frankfort horizontal plane and a line formed by connecting the landmarks of
gonion and condylion from the lateral view

15. Frontal ramus inclination Angle between the Frankfort horizontal plane and a line formed by connecting the landmarks of
gonion and condylion from the frontal view

16. Facial width Zygion to the midsagittal plane

17. Occlusal cant Angle between the Frankfort horizontal plane and a line connecting the maxillary left and right
first molar cusps

18. Mandibular cant Angle between the Frankfort horizontal plane and a line connecting the left and right
antegonion landmarks

19. Maxillary total width Jugulare left to jugulare right
Mandibular total width Antegonion left to antegonion right

20. Condylar width Most lateral point of the condylar head to the most medial point of the condylar head
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only did it confirm the diagnosis derived from quantita-
tive measurements, but it also helped to reduce diagnos-
tic errors when relying on numbers alone. It does not rely
on normative values, it creates new appreciation of osse-
ous changes because the differences can be depicted as
volumes rather than numbers, it helps in development of
treatment strategies, and it improves communications
between orthodontists and maxillofacial surgeons. Per-
haps the most valuable contribution of the visual analy-
sis is that it has been an excellent tool to explain the
extent of the osseous changes to patients to further their
understanding of the disease and the possibilities
and limitations of the treatment. It is therefore recom-
mended to perform a mirror-image analysis in addition
December 2011 � Vol 140 � Issue 6 American
to quantitative analyses in patients with asymmetries
to enable a unique appreciation of the underlying defor-
mity that might not be possible by studying quantitative
numbers alone.

Importantly, where there is unilateral growth of the
mandible, it will have a tendency to rotate toward the
area of less growth and cause chin deviation. Therefore,
it is debatable whether the mandible can be divided into
affected and unaffected sides because the unaffected
side is always indirectly affected. As a result of rotation,
the ramus inclinations on both sides might be affected.
The chin deviation also excludes the use of the midsag-
ittal plane, and the mandible should be divided and mir-
rored with a vertical plane through the spina mentalis.
Journal of Orthodontics and Dentofacial Orthopedics



Fig 3. Mirror-image analysis of the maxilla: A-C, the left side of the maxilla is mirrored (brown) over the
original right surface model (green) along the midsagittal plane; D, the superimposition is adjusted to
best fit along the cranial base if necessary; E, final superimposition with the surface models is semi-
transparent to visualize the differences; F, the differences of the mirror image and the original surface
model are calculated and expressed with a customized color scale (in millimeters).
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The effect of unilateral growth of the mandible is illus-
trated in Figure 5. Therefore, it is important to realize
that mirror-image analysis is unlikely to give an accurate
representation of the ramus inclinations when there is
chin deviation. However, the differences in mandibular
body length, ramus length, and gonial angle differences
can be accurately determined with a mirror-image anal-
ysis (Fig 4, E).

In the literature, there seem to be great variations
concerning the vertical axis or the midsagittal plane
for analysis of asymmetry.2,3,11,13,27 Jacobson3 defined
the midsagittal plane as a midline plane bisecting the
head sagittally when viewing the patient from the front.
He used nasion, the midpoint of the frontonasal suture,
as the reference point. Grummons and Kappeyne van de
Coppello27 used a midsagittal line through crista galli
and anterior nasal spine. Tuncer et al13 used a plane
through nasion, sella, and anterior nasal spine as the
midsagittal plane for their 3D analysis. Harvold28 re-
ported that a line through nasion and anterior nasal
spine represented the midsagittal line in more than
90% of patients. Baek et al2 used the most superior
edge of the crista galli and the midpoint between the an-
terior clinoid processes to construct a midsagittal plane
American Journal of Orthodontics and Dentofacial Orthoped
perpendicular to the Frankfort horizontal plane. How-
ever, the anterior nasal spine and the Frankfort horizon-
tal plane might not be accurate when there is asymmetry
of the upper and midfacial regions.14,29 In addition, we
experienced variations in the midsagittal plane due to
landmark identification differences of orbitale and
porion when using the method of Baek et al.2 The mid-
point between the foramina spinosum (ELSA)30 was
considered the reference point, but we found that the
foramina was not always clear on the CBCT images. To
construct the midsagittal plane, we used nasion, the
midpoint between the anterior clinoid processes, and
the midpoint between the most lateral points on the fo-
ramen magnum (Fig 6). The advantages of this method
are that the landmarks are easily identifiable on the
CBCT images, and the accuracy of the midsagittal plane
does not rely on the accuracy of other planes: eg, the
Frankfort horizontal plane and the midsagittal plane
are not influenced by upper and midfacial deformities.
However, recently published literature suggests that
a morphometrically determined midsagittal plane that
eliminates the problems related to anatomical planes
might therefore be more appropriate in describing the
midsagittal plane of skeletal asymmetry.31
ics December 2011 � Vol 140 � Issue 6



Fig 4. Mirror-image analysis of the mandible: A-C, the left side of the mandible is mirrored (blue) over
the right original surfacemodel (pink) along the vertical plane throughmenton;D, the superimposition is
adjusted to best fit along the inner contour of the cortical plates of the inferior border of the symphysis if
necessary; E, final superimposition with the surface models is semitransparent to visualize the differ-
ences; F, the differences of the mirror image and the original surface model are calculated and
expressed with a customized color scale (in millimeters).

Table II. Results of the quantitive 3D analysis, with asymmetry defined as the right side subtracted from the left side

Maxilla Right Left Asymmetry
1. Maxillary rotation (mm) 0.2
2. Maxillary height difference (mm) 21.0 22.5 1.5
3. Maxillary dental height difference (mm) 42.4 41.9 �0.5
4. Maxillary width difference (mm) 34.1 33.1 �1.0
5. Maxillary dental width difference (mm) 27.1 26.1 �1

Mandible
6. Mandibular rotation (mm) 4.88
7. Ramus length difference (mm) 47.4 52.3 4.9
8. Body length difference (mm) 73.9 84.2 10.3
9. Total length difference (mm) 108.7 115.2 6.5
10. Mandibular width difference (mm) 42.6 43.7 1.1
11. Mandibular dental width difference (mm) 23.4 22.6 �0.8
12. Mandibular dental height difference (mm) 19.2 24.5 5.3
13. Gonion angle difference (�) 125.9 113.0 �12.9
14. Lateral ramus inclination difference (�) 78.0 82.2 6.2
15. Frontal ramus inclination difference (�) 85.0 88.0 �3.0

Other

16. Occlusal cant (�) 1.0 1.0
17. Mandibular cant (�) 13.0 13.0

18. Mandibular width-maxillary width (mm) 80.0 67.0 13.0
19. Facial width difference (mm) 54.4 59.4 5.0

20. Condyle width difference (mm) 18.27 18.07 �0.20

892 Damstra et al
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Fig 5. The effects of unilateral mandibular growth:A, themaxilla is mirrored along themidsagittal plane
and the mandible through the spina mentalis; B, the plane through spina mentalis is aligned with the
midsagittal plane to correct the chin deviation (yellow arrow indicates planned movement for align-
ment);C,with a rotation point on menton (yellow arrow);D, both mandibular halves (brown) are rotated
to align the condylar heads in the fossa (yellow circles); E, inferior view, and F, frontal view illustrate the
ideal positions of the mandible and maxilla (brown) compared with the original (green). Unilateral
growth of the mandible affects the left and right sides when rotation occurs.
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CONCLUSIONS

We introduced a new method for visualizing asym-
metries. The combined 3D and mirror-image analysis
was useful to visualize and better understand the osse-
ous changes. The mirror-image analysis is useful to con-
firm the diagnosis derived from the quantitative results
and assists in 3D treatment planning. The combined
analysis showed that early-onset Parry-Romberg
American Journal of Orthodontics and Dentofacial Orthoped
syndrome caused rotation of the mandible, hypoplasia
of all dimensions of the mandible, and hypoplasia of
the zygomatic region and the zygomatic arch.
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