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tomography with a large field of view in
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Introduction:Goldenhar syndrome is a rare disease with hemifacial microsomia and craniofacial disorders orig-
inating from the first and second branchial arches, such as ocular, auricular, and vertebral anomalies. The
complexity and variety of the ways in which the disease presents itself usually need several examinations. In
this study, we aimed to evaluate both craniofacial and vertebral skeletal anomalies and asymmetries between
the nonaffected and affected sides in patients with Goldenhar syndrome by using cone-beam computed tomog-
raphy. Methods: Ten patients (7-14 years old; 6 boys, 4 girls) were evaluated via NewTom 5G cone-beam
computed tomography (QR srl, Verona, Italy) with a large field of view (18 3 16 cm). Ten anatomic facial
landmarks were identified to measure the following distances bilaterally: sella turcica (ST)-mandibular angle,
ST-condyle, ST-mastoid, ST-mental foramen, ST-fronto zygomatic suture, ST-zygomatic temporal suture, ST-
zygomatic facial foramen, ST-sphenopalatine fossa, mandibular angle-mandibular symphysis, and
mandibular angle-condyle. The following 6 volumes were calculated bilaterally: orbit, maxillary sinus, condyle,
external ear canal, middle ear, and internal auditory canal. These measurements were performed to assess
skeletal asymmetries to compare the nonaffected side with the affected side by the Wilcoxon test. Cervical
spine anomalies were classified into fusion anomalies and posterior arch deficiencies. Results: All patients
showed a deficit of skeletal development on the affected side. Statistically significant differences (0.001 # P
value # 0.043) between the nonaffected and affected sides were recorded for all measurements, except for
ST-frontozygomatic suture, mandibular angle-mandibular symphysis, and maxillary sinus volume. Vertebral
fusion anomalies and posterior arch deficiencies were found in 7 and 4 patients, respectively. Conclusions:
Cone-beam computed tomography with a large field of view was able to accurately identify craniofacial and
vertebral skeletal anomalies, and to quantify asymmetries between the nonaffected and affected sides for an
efficient maxillofacial treatment planning. (Am J Orthod Dentofacial Orthop 2018;153:269-77)
Oculo-auriculo-vertebral dysplasia is a phenotyp-
ically variable developmental anomaly of facial
structures originating from the first and second

branchial arches.1,2 In addition to the mandibular and
auricular abnormalities, the most severe cases show
ocular or vertebral involvements. This is known as the
Goldenhar syndrome.3 The typical presentation of
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Goldenhar syndrome includes epibulbar dermoids, mi-
crotia, vertebral anomalies, and hemifacial microsomia
(85% monolateral).4-7

Vertebral malformations are mainly represented by
vertebral fusions and scoliosis; in the cervical area,
they are detected in about half of the patients.8 Anom-
alies of the maxillary sinus and inner or medium ear are
also frequent, whereas systemic abnormalities and
psycho-physical motor underdevelopment are less com-
mon.9,10 The birth prevalence rate varies greatly among
authors, ranging from 1 in 5,000 to 1 in 25,000.11-15

Etiology is multifactorial. It is partly linked to
environmental factors during the fetal period, such as
smoking, diabetes, and vasoactive drugs, and also
partly due to genetic causes. Most chromosomal
aberrations are sporadic, whereas only 2% to 10% of
them are autosomal dominant or recessive.10,16

The complexity and variety of the alterations pose the
need for several examinations, such as panoramic
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Table I. Clinical features of the 10 patients

Patient Age Sex Hemifacial microsomia Aural abnormalities Eye abnormalities Vertebral abnormalities
1 7 y 1 mo M 1 1 1 1

2 8 y 4 mo M 1 1 1 �
3 9 y 2 mo M 1 1 � 1

4 14 y 0 mo F 1 1 1 �
5 13 y 6 mo F 1 1 � 1

6 10 y 8 mo F 1 1 � 1

7 11 y 6 mo M 1 1 1 1

8 8 y 2 mo M 1 1 1 1

9 7 y 11 mo F 1 1 1 �
10 7 y 10 mo M 1 1 � 1

F, Female; M, male; 1presence; �absence.
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radiography, cephalometric and cervical spine x-rays,
and sometimes a volumetric imaging technique that
allows a detailed analysis of bone structures, such as
multislice spiral computed tomography (MSCT).3,17

Although magnetic resonance imaging (MRI) does
not depict cortical bone well, it has been recently used
as an alternative tool18 because the MSCT of the cervical
spine and head delivers a high x-ray radiation dose.19,20

Nothing has been published about a possible diagnostic
role of cone-beam computed tomography (CBCT) in
Goldenhar syndrome. This technique provides an
adequate volumetric study of the bone structures of
the head and neck areas21 with a high spatial resolution
(0.075-0.4 mm isotropic voxel),22 allowing easy and
accurate 2-dimensional and 3-dimensional (3D)
measurements.23 Moreover, it involves relatively low ra-
diation doses compared with MSCT and is only slightly
affected by metal artifacts,24 which often occur in young
people with ortho-gnatho-dontic oral metallic treat-
ment. The aims of this retrospective study were to iden-
tify craniofacial and vertebral skeletal anomalies and to
quantify the asymmetries between the nonaffected and
affected sides in patients with Goldenhar syndrome by
using CBCT with a large field of view (FOV) as a diag-
nostic tool.

MATERIAL AND METHODS

From April 2012 to October 2016, 10 patients (6 boys,
4 girls; mean age, 9.9 years) (Table I) affected by Golden-
har syndrome with unilateral craniofacial involvement
were examined via CBCT volumetric imaging. This study
was approved by the research ethics committee of the
University of Florence in Italy, and informed written
consent was obtained from each patient. Scans were
performed with NewTom 5G (QR srl, Verona, Italy), a hor-
izontal CBCT unit equipped with an amorphous silicon
flat-panel detector (20 3 25 cm). The patients lay in a
supine position with competent lips and the mouth in
habitual occlusion. The same protocol—called “standard
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regular” by the producer—was used for all examinations.
It provided 110 kV, 3.39-5.38 mA, 18 3 16 cm FOV,
18-second scan time, and 3.6-second exposure time
with the acquisition of 360 images (1 image for each rota-
tion degree) at the lowest doable automatically set radia-
tion dose. The largest FOV available was chosen to include
both the facial skeleton and the vertebral spine up to the
sixth cervical vertebra. All CBCT volumes were recon-
structed with 0.3-mm isometric voxel size. The 0.4-mm
thick axial sections were exported in DICOM format and
analyzed by using OsiriX software (version 7.0; OsiriX,
Geneva, Switzerland), implemented in a Macintosh oper-
ating system with a 21.5-in monitor (Power Macintosh
G3; Apple, Cupertino, Calif).

The anatomic points chosen for the 10 linear
measurements and the 6 calculated volumes are shown
in Figures 1 and 2, respectively. Gonion, pogonion,
and zygomatic-facial foramen were identified on the
3D surface-rendering reconstructions. The iden-
tification of the remaining 7 points took place on the
2-dimensional reconstruction planes (coronal,
sagittal, and axial) by using the 3D multiplanar recon-
struction function that allowed the simultaneous
display of any structure on those 3 planes. The dis-
tances between sella turcica and the other points,
except for pogonion, were calculated by the 3D curved
multiplanar reconstruction function. The distances be-
tween gonion and pogonion and between gonion and
the condyle were calculated also. The last 2 corre-
sponded with the length of the mandibular body and
the mandibular ramus, respectively.

Orbit, maxillary sinus, and condyle volumes were
measured on the axial images, whereas the external ear
canal, middle ear, and internal auditory canal volumes
were measured on the coronal images. All volumes
were calculated using the volume region of interest
function after a region of interest surrounding the
anatomic structures was depicted in each slice in which
the same structures could be seen.
Journal of Orthodontics and Dentofacial Orthopedics



Fig 1. The 10 anatomic points used for the linear measurements: A and B, sagittal planes; C and D,
axial planes; E, coronal plane; F, 3D volume rendering. Note the fusion of the vertebral bodies and os
odontoideum (circle). ST, Center of sella turcica; PO, most anterior point of the mandibular symphysis
or pogonion; GO, midpoint of the posterior margin of the mandibular angle or gonion; CO, most cranial
point of the mandibular condyle; ZTS, midpoint of the zygomatic-temporal suture; ZFF, zygomatic-
facial foramen; FZS, midpoint of the frontozygomatic suture; SPF, most caudal point of the sphenopa-
latine fossa; MF, mental foramen; MA, most caudal point of the mastoid.
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The cervical vertebrae anomalies were assessed by
adaptation of the conventional x-ray classification of
Sandham25 to CBCT. Sandham divided the vertebral
anomalies into 2 groups: fusion anomalies and posterior
arch deficiencies. Fusion anomalies were defined as
incomplete separation with osseous continuities be-
tween 2 vertebral bodies or arches. Posterior arch defi-
ciencies were represented by a discontinuity or
interruption of the posterior arch of the vertebra due
to incomplete ossification or dehiscence.

All examinations were evaluated by 3 skilled maxillo-
facial imaging observers (S.C., C.N., V.S.) (with 21, 10,
and 4 years of experience, respectively). The assessment
was carried out twice by each observer, with an interval
of 3 months. Collected data were analyzed using SPSS
statistical analysis software (version 23.0; IBM, Armonk,
NY). Intraobserver and interobserver reliability values
were determined for each designated parameter
(affected side, nonaffected side, reduction factor, and
American Journal of Orthodontics and Dentofacial Orthoped
differences between the nonaffected and the affected
sides). For both linear and volumetric measurements,
the intraclass correlation coefficient was used. According
to Zidan et al,26 intraclass correlation coefficient values
of 0.00 to 0.10, 0.11 to 0.40, 0.41 to 0.60, 0.61 to 0.80,
and 0.81 to 1.0 represent no, slight, fair, good, and very
good agreement, respectively.

The mean, median, standard deviation, and maximum
and minimum values of each parameter were calculated
for both linear and volumetric measurements among
the 60 observations (2 evaluations by 3 observers for 10
patients). The reduction factor was the ratio between
the nonaffected and affected sides as stated by Hirsch-
felder et al.6 Then, a descriptive analysis was performed.
The differences between the nonaffected and affected
sides for all linear and volumetric measurements were as-
sessed by using the Wilcoxon signed rank test for paired
data. For each analysis, a P value #0.05 was considered
to be statistically significant.
ics February 2018 � Vol 153 � Issue 2



Fig 2. Single-slice volume contouring drawn for volumetric measurements: A, coronal plane; B-D,
axial planes. EEV, External ear canal volume, calculated from the inner border of the tragus to the tym-
panic membrane; MEV, middle ear volume, defined by the bone walls of the tympanic cavity; IAV, In-
ternal auditory canal volume, calculated from the inner acoustic foramen to the sickle crest;CV, condyle
volume, inferiorly delimited by a plane passing through the most caudal point of the mandibular notch
and perpendicular to the tangent of the mandibular ramus; OV, orbit volume, defined by its bone bor-
ders and posteriorly by the optic foramen; MSV, maxillary sinus volume, defined by its bone walls.
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RESULTS

Alterations of bone development were detected on
the affected side in all 10 patients ( Tables II and III). Sta-
tistically significant differences (0.001 # P
value #0.043) between the nonaffected and affected
sides were observed for all linear and volumetric mea-
surements, except for maxillary sinus volume and the
distances between gonion and pogonion, and between
sella turcica and the fronto-zygomatic suture
(P 5 0.5). Intraobserver and interobserver reliabilities
for both linear and volumetric measurements were very
good. The intraclass correlation coefficient values were
February 2018 � Vol 153 � Issue 2 American
0.84 6 0.26 and 0.83 6 0.28 for the linear measure-
ments, respectively, and 0.96 6 0.08 and 0.91 6 0.13
for the volumetric measurements, respectively.

Among the distances with a statistically significant
difference between the 2 sides, the highest value of the
reduction factor (mean, 1.40; median, 1.29; SD, 0.36)
was found in the distance between gonion and the
condyle. All remaining distances had mean and median
reduction factors close to 1 and very similar to each other
(ranging from 1.05 to 1.15 and from 1.02 to 1.09,
respectively). This demonstrated that the asymmetry be-
tween the 2 sides was substantial for the mandibular
Journal of Orthodontics and Dentofacial Orthopedics



Table II. Linear measurements

Distance Parameter
Mean
(cm)

Median
(cm)

SD
(cm)

Minimum
(cm)

Maximum
(cm)

GO-CO NAS 4.96 4.86 0.79 4.09 6.25
AS 3.69 3.77 0.90 2.42 4.94
RF 1.40 1.29 0.36 1.08 2.02
DIF 1.27 1.19 0.77 0.31 2.47

GO-PO NAS 7.85 7.53 0.96 7.07 9.51
AS 7.81 7.43 1.10 6.65 9.39
RF 1.01 1.01 0.08 0.91 1.12
DIF 0.04 0.10 0.57 �0.77 0.81

ST-CO NAS 5.50 5.60 0.19 5.17 5.63
AS 4.89 5.10 0.73 3.83 5.54
RF 1.15 1.02 0.20 1.01 1.46
DIF 0.60 0.12 0.76 0.07 1.77

ST-GO NAS 7.68 7.37 0.85 6.75 9.03
AS 7.09 6.84 0.92 6.11 8.60
RF 1.09 1.08 0.05 1.04 1.16
DIF 0.59 0.53 0.32 0.25 1.10

ST-ZTS NAS 6.07 6.20 0.25 5.67 6.26
AS 5.75 5.76 0.28 5.34 6.13
RF 1.06 1.06 0.04 1.01 1.10
DIF 0.31 0.32 0.20 0.07 0.55

ST-FZS NAS 6.36 6.38 0.71 5.22 7.16
AS 6.47 6.60 0.45 5.77 6.91
RF 0.98 0.96 0.06 0.91 1.05
DIF �0.11 �0.24 0.39 �0.54 0.34

ST-ZFF NAS 6.59 6.44 0.68 5.63 7.39
AS 6.29 6.25 0.72 5.46 7.20
RF 1.05 1.03 0.04 1.03 1.12
DIF 0.31 0.19 0.22 0.17 0.68

ST-MA NAS 7.53 7.55 0.17 7.38 7.78
AS 6.82 7.13 0.66 5.72 7.35
RF 1.11 1.05 0.11 1.03 1.29
DIF 0.71 0.32 0.64 0.22 1.67

ST-MF NAS 8.81 8.85 0.91 7.51 9.97
AS 8.42 7.98 1.02 7.45 9.86
RF 1.05 1.02 0.06 1.01 1.15
DIF 0.40 0.15 0.46 0.06 1.14

ST-SPF NAS 3.60 3.65 0.41 2.98 4.13
AS 3.25 3.30 0.23 2.86 3.48
RF 1.11 1.09 0.06 1.04 1.19
DIF 0.35 0.30 0.21 0.12 0.65

For each of the 10 distances, the mean, median, standard deviation,
and minimum and maximum values were calculated for the nonaf-
fected side, the affected side, the reduction factor, and the difference
between the 2 sides.
NAS, Nonaffected side; AS, affected side; RF, reduction factor
(nonaffected side/affected side); DIF, difference between the 2 sides
(nonaffected side–affected side). Refer to Figure 1 for the acronyms
of the distances.

Table III. Volumetric measurements

Volume Parameter
Mean
(cm3)

Median
(cm3)

SD
(cm3)

Minimum
(cm3)

Maximum
(cm3)

OV NAS 22.08 21.73 1.29 20.33 23.51
AS 20.06 19.86 1.74 18.51 22.83
RF 1.10 1.10 0.05 1.03 1.16
DIF 2.02 1.87 0.91 0.68 2.94

MSV NAS 11.96 11.55 3.29 8.53 17.25
AS 10.07 10.45 4.71 3.38 16.40
RF 1.53 1.01 1.17 0.98 3.63
DIF 1.89 0.12 3.94 �0.26 8.89

CV NAS 1.13 1.13 0.42 0.54 1.72
AS 0.48 0.29 0.49 0.08 1.34
RF 4.89 2.71 5.56 1.29 14.69
DIF 0.66 0.71 0.34 0.27 1.12

EEV NAS 0.66 0.63 0.18 0.44 0.91
AS 0.22 0.24 0.23 0.01 0.56
RF 30.31 2.55 41.00 1.13 91.00
DIF 0.44 0.46 0.32 0.08 0.91

MEV NAS 0.45 0.44 0.06 0.37 0.52
AS 0.14 0.02 0.21 0.01 0.51
RF 24.25 23.88 22.76 1.02 50.00
DIF 0.31 0.39 0.20 0.01 0.50

IAV NAS 0.20 0.20 0.05 0.13 0.26
AS 0.16 0.17 0.06 0.10 0.22
RF 1.31 1.28 0.26 1.03 1.72
DIF 0.04 0.03 0.03 0.01 0.07

For each of the 6 volumes, the mean, median, standard deviation,
and minimum and maximum values were calculated for the nonaf-
fected side, the affected side, the reduction factor, and the difference
between the 2 sides.
NAS, Nonaffected side; AS, affected side; RF, reduction factor
(nonaffected side/affected side); DIF, difference between the 2 sides
(nonaffected side–affected side). Refer to Figure 2 for the acronyms
of the volumes.
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ramus and mild for all remaining distances. The mean
differences between the nonaffected and affected sides
for the distances between sella turcica and gonion, sella
turcica and the condyle, and sella turcica and the mas-
toid were 0.59, 0.60, and 0.71 with standard deviations
of 0.32, 0.76, and 0.64, respectively. These values
showed that these distances had high variability in our
series.
American Journal of Orthodontics and Dentofacial Orthoped
Among the volumes with a statistically significant
difference between the 2 sides, the mean reduction fac-
tor for the external ear canal, middle ear, and condyle
volumes were 30.31, 24.25, and 4.89 with standard de-
viations of 41.00, 22.76, and 5.56, respectively. The
mean values proved the high variability between the
nonaffected and affected sides, whereas the standard
deviation values proved the high interpatient variability.
Conversely, the orbit and internal auditory canal vol-
umes had mean reduction factors of 1.10 and 1.31
with standard deviations of 0.05 to 0.26, respectively.
It proved little variability both between the nonaffected
and affected sides, and among the different patients.
Seven of the 10 patients were found to have cervical
spine abnormalities (Table IV). Four of them had both
fusion anomalies on the same side as the hemifacial mi-
crosomia and posterior arch deficiencies. Posterior arch
deficiencies corresponded with the vertebral clefts,
whereas the fusion anomalies included the fusion of
vertebral arches and the failure of the segmentation of
the vertebral bodies with interbody fusions. The other
ics February 2018 � Vol 153 � Issue 2



Table IV. Vertebral fusion anomalies (FUS) and poste-
rior arch deficiencies (PAD) of the 10 patients

Patient FUS PAD
1 C3-C4 arches (left)

C5-C6 bodies (left)
C1, C3, C4, C5

2
3 C5-C6 bodies (left) C5, C6
4
5 C2-C3 bodies (bilateral)

C4-C5-C6 bodies (bilateral)
6 C2-C3 bodies (left) C4, C5
7 C3-C4-C5 bodies (bilateral)
8 C2-C3 bodies (right)

C2-C3-C4 arches (right)
C2-C3-C4

9
10 C2-C3-C4 bodies (bilateral)
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3 patients had bilateral fusion anomalies without poste-
rior arch deficiencies.

DISCUSSION

The wide spectrum of Goldenhar syndrome skeletal
alterations requires several different x-ray examinations
such as panoramic radiography, and cephalometric and
cervical spine x-rays. Since MRI does not show cortical
bone with accuracy, MSCT is currently considered the
volumetric imaging gold standard for these patients.
Nevertheless, in clinical practice, children are seldom
subjected to MSCT for radioprotection reasons. We
hypothesized that CBCT could be a solution to the
high radiation dose problem in young patients since it
is a low-dose volumetric imaging technique with excel-
lent performance for bone structure analysis.

In our series, the distance between gonion and the
condyle had the highest mean and standard deviation
values of the reduction factor. The same was observed
for the external ear canal volume and the middle ear vol-
ume. On the contrary, the distance between gonion and
pogonion, between sella turcica and the fronto-
zygomatic suture, and the maxillary sinus volume were
the only 3 measurements with no statistically significant
differences between the nonaffected and affected sides.

The high values of the reduction factor for the dis-
tance between gonion and the condyle indicated the
greatest asymmetry between the nonaffected and
affected sides. It proved that the small length of the
mandibular ramus of the affected side was the main
reason for hemifacial microsomia. All the other statisti-
cally significant linear measurements showed reduction
factor values close to 1 and almost equal to each other,
indicating that a slight degree of asymmetry between the
2 sides was recognizable. Among the measurements in
which statistically significant differences between the 2
sides were not observed, the mandibular body—
February 2018 � Vol 153 � Issue 2 American
represented by the distance between gonion and pogon-
ion—showed median values similar to those between the
nonaffected (7.53 cm) and affected (7.43 cm) sides.
Analogous results were found by Shibazaki-Yorozuya
et al27 in patients with hemifacial microsomia. They
noticed that the mandibular ramus was shorter, whereas
the mandibular body could be equal, shorter, or longer
on the affected side than on the nonaffected side. Since
the mandibular ramus was shorter, the mandibular angle
assumed a different position between the 2 sides. As
studied by Ya~nez-Vico et al,28 the mandibular angle
was situated anteriorly and medially from the affected
side in patients with craniofacial asymmetry. Regarding
maxillary sinus volume, Wink et al29 also stated that
patients affected by hemifacial microsomia had no sig-
nificant abnormalities and no differences between
maxillary sinuses, although the upper jaws could be
altered. They supposed that it was because the develop-
ment of the maxillary bone and the maxillary sinus took
place mostly at 2 different times, in the womb and after
birth, respectively.

The distance between sella turcica and the fronto-
zygomatic suture was the only result in this study that
was inconsistent with previous studies.Manara et al3 stated
that there was a statistically significant difference between
patients with oculo-auriculo-vertebral dysplasia and the
controls for the above-mentioned distance. Unlike the
zygomatic bone, the frontal bone does not develop from
one of the branchial arches, which appears altered in Gold-
enhar syndrome. In our opinion, the different embryologic
origin of the zygomatic bone and the frontal bone is the
basis of the high variability of the fronto-zygomatic suture
location.16 Therefore, this anatomic landmark either was
not involved or was involved to a different extent in our se-
ries, unlike that of Manara et al. Furthermore, in our series,
the different alterations did not inevitably coexist in the
same patient. They could range from mild to severe forms.
This was consistent with the high phenotypic heterogeneity
widely described in the literature.10 There is no agreement
among authors on the definition of the minimum disease
criteria.3-7,11-15,17

The high variability of the craniofacial skeletal alter-
ations among the patients was proved by the high stan-
dard deviation values of the reduction factors of most of
the measurements. It was particularly clear for the
external ear canal and the middle ear volumes because
total atresia of the external ear canal and agenesis of
the ossicular chain were detected in some patients,
whereas only neurosensorial hypoacusis was found in
others.

Vertebral malformations were found in 7 patients.
Three of them had bilateral fusion anomalies, and 4
had monolateral fusion anomalies combined with
Journal of Orthodontics and Dentofacial Orthopedics
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posterior arch deficiencies. In addition, 1 patient had
os odontoideum, which is characterized by a congen-
ital abnormality of the second cervical vertebra, in
which the odontoid process is detached from the
vertebral body by a transverse gap (Fig 1). Hypoplasia
of the odontoid process, described by other authors in
Goldenhar syndrome, was not observed in our pa-
tients.30

In orthodontics, correct and precise measurements of
distances, angles, and volumes are essential for both an
initial framework and follow-up of craniofacial
malformations. Panoramic radiography and cephalo-
metric x-rays have significant limitations because of
the 2-dimensional representation of 3D structures,
anatomic noise, superimposition, and geometric distor-
tion effect. Therefore, accurate measurements can only
be achieved by using volumetric imaging technique
such as CBCT or MSCT.

In general terms, both of these techniques use the
same image reconstruction principle, termed back pro-
jection, with the addition of the algorithm of Feldkamp
et al31 in CBCT. MSCT is characterized by higher milliam-
peres, a wider dynamic range, and greater contrast and
temporal resolution than CBCT.32 MSCT is available in
all developed countries; it allows good detection of
soft tissues and is commonly used for contrast-
enhanced examinations.33 CBCT has greater spatial res-
olution than MSCT, although CBCT image quality is
partially degraded by scattered radiation since there is
no postpatient collimation.32 In the head scan, the effec-
tive doses of MSCT and CBCT are 1892 and 249 mSv,
respectively, whereas in the cervical spine scan, the
effective doses of MSCT and CBCT are 3409 and
248 mSv, respectively.20 Effective doses of panoramic
radiography, cephalometric x-rays (2 projections), and
cervical spine x-rays (2 projections) are 15 mSv,34

6 mSv,34 and 60 mSv,35 respectively. Moreover, CBCT
has lower mean technical and operating costs per pro-
cedure, approximately $70 and $175 for CBCT and
unenhanced MSCT, respectively.36,37

In our series, CBCT with head and neck FOV appeared
to be a volumetric imaging technique capable of assess-
ing craniofacial and cervical skeletal structures simulta-
neously, with a noteworthy reduction of radiation dose.
Therefore, CBCT could be considered the most suitable
alternative for detecting skeletal alterations in Golden-
har syndrome. We believe that CBCT could even become
the elective imaging technique in medical follow-ups
and surgical workups of these patients because of its
reduced radiation dose, relatively low cost, high image
quality, and limited metal artifacts.22,24

With this background, we believe that CBCT could
and should be recommended in congenital
American Journal of Orthodontics and Dentofacial Orthoped
craniocervical malformations and maxillofacial pediatric
diseases with prevalent bone expression such as cleft lip
and palate, Wildervanck syndrome, and oculo-auriculo-
vertebral, septo-optic, and oto-mandibular dysplasias.
Further studies should investigate the helpfulness of
CBCT in these malformations.

CBCT proved to be inadequate for soft tissue evalu-
ation and especially in the study of masticatory muscles
that are typically altered in hemifacial microsomia.38 Ul-
trasound is an accurate and innocuous tool for
measuring the thickness of masticatory muscles.39

Nevertheless, MRI is the gold standard in the analysis
of soft tissues. Recently, a novel software based on the
fused images of soft and hard tissues, called multimo-
dality MRI-CBCT image registration, was tested.40 We
believe that this resource could be helpful in the study
of craniofacial disorders.

In addition, CBCT cannot replace dynamic x-ray ex-
aminations in the study of cervical instability, which
may be life threatening during general anesthesia.30

Two of the 10 examinations had to be repeated
because of patient movements. This is not an inconsider-
able aspect, since another weak point of CBCT is its long
scan times, ranging from 5.4 to 40 seconds (18 seconds in
our study).41 Therefore, the possibility of motion artifacts
cannot be ignored in pediatric patients because taking the
examination twice means a double radiation dose.24,42 To
reduce repetition of examinations, further studies should
both examine means of head/chin/mouth/jaws restraint
and test software for mathematic algorithms capable of
correcting images impaired during patient movement.

In this study, there were not enough patients for a
definite judgment about the efficacy of CBCT in Golden-
har syndrome. This was a pilot study to determine
whether additional research with larger population sam-
ples is needed or whether CBCT plays no role in this.
Goldenhar syndrome is rare, and it is difficult to enroll
a large number of patients. The original articles assessing
this syndrome by x-rays or MSCT analyzed 11.6 subjects
on average.7,8,18,43-45 Another possible weakness
common to all studies about hemifacial microsomia is
a lack of reference values to qualify facial asymmetries
as physiological or pathological. This is usually related
to the clinical opinion and the individual perception of
the patient.46 Lastly, no comparison between CBCT
and MSCT was performed. Comparative studies carried
out in young people in which both techniques used
ionizing radiation are hard to ethically justify.

CONCLUSIONS

In our series, a low-dose 3D imaging technique
such as CBCT with a large FOV was able to (1) accu-
rately identify craniofacial and vertebral skeletal
ics February 2018 � Vol 153 � Issue 2
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anomalies at 1 time, and (2) quantify the asymmetries
between the nonaffected and affected sides in patients
with Goldenhar syndrome, providing quantitative data
appropriate for maxillofacial medical or surgical
planning.
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