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Condyle fossa relationship associated with functional posterior crossbite,

before and after rapid maxillary expansion

Rosalia Leonardia; Mario Caltabianoa; Costanza Cavallinib; Edoardo Sicurezzab; Ersilia Barbatoc;
Concetto Spampinatod; Daniela Giordanoe

ABSTRACT
Objective: To investigate condylar symmetry and condyle fossa relationships in subjects with
functional posterior crossbite comparing findings before and after rapid maxillary expansion (RME)
treatment through low-dose computed tomography (CT).
Materials and Methods: Twenty-six patients (14 girls and 12 boys, mean age 9.6 6 1.4 years)
with functional posterior crossbite (FPXB) diagnosis underwent rapid palatal expansion with a
Hyrax appliance. Patients’ temporomandibular joints (TMJ) underwent multislice CT scans before
rapid palatal expansion (T0) and after (T1). Joint spaces were compared with those of a control
sample of 13 subjects (7 girls and 5 boys, mean age 11 6 0.6 years).
Results: Anterior space (AS), superior space (SS), and posterior space (PS) joint space
measurements at T0 between the FPXB side and contralateral side demonstrated no statistically
significant differences. After RME treatment (T1), all three joint spaces increased on both the FPXB
side and the non-crossbite side. However, differences were statistically significant only for the SS
when comparing the two sides at T1. SS increased more than AS and PS in the non-crossbite
condyle (0.28 mm) and FPXB condyle (0.37 mm), and PS increased only on the FPXB side
(0.34 mm).
Conclusions: There were no statistically significant differences in condyle position within the
glenoid fossa between the FPXB and non-crossbite side before treatment. Increases in joint
spaces were observed after treatment with RME on both sides. These changes were, however, of
small amounts. (Angle Orthod. 0000;00:000–000.)
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INTRODUCTION

Posterior crossbite is one of the most frequently
occurring malocclusions in deciduous and mixed
dentitions, with a reported prevalence of 7% to

23%.1–9 The most common form of posterior crossbite
is a unilateral presentation, with a functional shift of the
mandible toward the crossbite side.10 This condition is
known as functional posterior crossbite (FPXB).11

Because crossbite develops early and has a low rate
of spontaneous correction,10 an early treatment12–21 of
this malocclusion has been recommended.

Interest in literature in FPXB has grown not only with
regard to the choice of timing for treatment but also for
an eventual association with an asymmetrical mandi-
ble growth alteration and for the presence of an
asymmetric condyle position within the glenoid fossa.
In this respect, it has been suggested that FPXB may
result in right-to-left-side differences in the condyle
fossa relationship, which are responsible for temporo-
mandibular joint (TMJ) disc displacement and internal
derangement.22 According to some authors,11,21,23 this
different relationship seemed to be corrected after
treatment of FPXB with an establishment of a more
symmetric position of both condyles. On the contrary,
some other studies reported no differences in condylar
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position between the crossbite and non-crossbite sides
and before and after treatment.8,19

Presumably, the main reasons for such controver-
sies may be ascribed to the radiographic technique
used to investigate the condyle fossa relationship,
which have been mainly based on transcranial
radiographs or tomograms. An earlier developed
imaging technology for the evaluation of the condyle
fossa relationship is computed tomography (CT). This
method overcomes the methodological drawbacks of
previous techniques; in fact, data obtained from CT
have been shown to delineate the joint structures with
higher accuracy.24,25

Accordingly, the purposes of this prospective study
were to investigate via low-dose computed tomogra-
phy the condyle fossa relationships in subjects with
FPXB before (T0) and after treatment (T1) with rapid
maxillary expansion (RME) and to compare findings at
T0 and T1.

MATERIALS AND METHODS

The sample consisted of 39 subjects aged 8.2 to
11.6 years in mixed dentition from the Department of
Orthodontics, Faculty of Dentistry, Catania University,
Italy, and the Department of Orthodontics, Faculty of
Dentistry, La Sapienza, Rome University, Italy. The
patient group (n 5 26 patients) included 14 girls and 12
boys (mean age, 9.6 6 1.4 years) diagnosed with
FPXB and Angle Class I malocclusion.

To be included in this study, all patients had to have
at the start of the treatment a transverse maxillary
deficiency and a crossbite on one side only, with the
mandibular midline shifted toward the crossbite site at
the maximum intercuspal position and not at mouth
opening, indicating an FPXB. The mandibular midline
shift was 2 6 1 mm. Exclusion criteria included (1)
developmental or acquired craniofacial deformities
involving condyles and/or mandible; (2) no systemic
diseases; (3) no history of orthodontic treatment; (4) no
anterior crossbite; (5) no signs or symptoms of
temporomandibular disorder, according to the re-
search diagnostic criteria for TMJ disorders26; (6) no
missing teeth, excluding the third molars; and (7) no
carious lesions, extensive restorations, or pathologic
periodontal status.

The control group included 13 subjects, 7 girls and 5
boys (mean age, 11 6 0.6 years), with an Angle Class
I relationship and one palatally displaced canine that
needed surgical exposure. The exclusion criteria were
the same as the patient group, plus the absence of
FPXB. All procedures were explained to the patients
and their parents. Informed consent forms were
obtained, and institutional approval was granted to
conduct the study.

A Hyrax palatal expander was used for each subject
of the patient group, and the activation protocol
required the screw to be turned three times per day
(0.25 mm per turn) for an average of 18 days, for all
subjects.

Multislice CT scans were performed before rapid
palatal expansion (time T0) and again at the end of the
active expansion phase (time T1) without removing the
expander. The CT scans were carried out by a trained
radiographer at the same scanner console with the
primary indication of evaluating buccal bone of
maxillary posterior teeth in the FPXB group and to
assess the canine displacement in the control group.

A low-dose CT scan protocol was used, as
previously described.27,28 Briefly, patients were exam-
ined with a multidetector helical CT scanner (Light-
speed Ultra, GE Medical Systems, Giles, UK). The
scanning parameters were 80 kV, 10 mA (low dose),
0.625 mm collimation, pitch 1, and gantry tilt 0u.
Multiplanar reformation and 3D postprocessing were

Figure 1. The long axis of the condyle is determined on the axial

section (a), and a vertical plane bisecting the long axis was defined

as the sagittal section (b).
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performed on a workstation (Advantage Windows 4.1,
GE Medical Systems).

The CT images were obtained with the patients in
maximum dental intercuspation. Patients were
scanned in the supine position with shoulder rests,
as well as having their head positioned with a
Camper’s plane perpendicular to the ground.

The data of each patient were reconstructed with
0.5-mm slice thickness and saved as DICOM (Digital
Imaging and COmmunications in Medicine) files. The
data were then transferred to a workstation (Mac Pro
Quad 2.66 GHz, Apple, Cupertino, Calif) and visual-
ized by using the OsiriX medical imaging software

program, which allowed the reorientation of the CT
images and then performance of measurements
(Open-Source, OsiriX Medical Imaging Software,
www.osirix-viewer.com). In fact, to minimize eventual
measurement errors due to the absence of a cephalo-
stat, the 3D images were reoriented according to two
references planes: NFZ (a frontal plane passing
through the two frontozygomatic sutures at the inner
rim of the orbit and nasion) and the Frankfurt plane, as
described recently by Cho.29 Afterward, the long axis
of the condyle was determined on axial section
(Figure 1a), and a vertical plane bisecting the long
axis was defined as the sagittal section (Figure 1b).24

Linear measurements were made of the anterior joint
space (AS), superior joint space (SS), and posterior
joint space (PS) using landmarks and variables shown
in Figure 2. Furthermore, the angle between the long
axis of the mandibular condylar process and the
midsagittal plane (MSP) was assessed on the axial
plane (Figure 3). Linear and angular measurements
were taken to the nearest 0.01 mm and 0.01u.

Statistical Analysis

Every measurement was made twice by the same
blinded observer with a 2-week interval between the
first and second reading, thus eliminating interobserver
error. The average value of the first and second
readings was used, as recommended by Baumrind
and Frantz.30

One-way group analysis of variance (ANOVA),
consisting of a between main factor group with three
levels (FPXB sides vs non-FPXB sides vs control),

Figure 2. Landmarks and linear measurements of the space between the condyle and glenoid fossa. A horizontal line parallel to FH and drawn

through the most superior point of the fossa is used as a reference plane. Lines tangent to the most prominent anterior and posterior aspect of the

condyle are drawn. The distance from the most superior condyle point is measured as superior joint space (SS). Distances from the anterior and

posterior tangent points to the glenoid fossa were measured as the anterior joint space (AS) and posterior joint space (PS).

Figure 3. Angular measurement to evaluate the mandibular condyle

relative to the cranium. The midsagittal plane is constructed by using

the best-fit line connecting opistion, basion, and odontoid. The angle

between the long axis of the mandibular condyle process and the

midsagittal plane is measured.
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was used to compare AS, SS, and PS between groups
FPXB, non-FPXB, and controls.

Descriptive statistics (mean, standard deviation)
were calculated separately on the FPXB side condyle,
non-crossbite side condyle, and control condyles. In
the patient group, calculations were made for each
period, T0 (before the treatment) and T1 (after the
treatment), and for each side.

Student’s paired t-test was carried out to evaluate
the differences between the two sides before (T0) and
after (T1) treatment with RME and within the same
side (both for crossbite and non crossbite). Moreover,
the 95% confidence interval was evaluated to describe
the best possible interval at which the true values of
the measurements could be expected to be found.

Three levels of statistical significance were consid-
ered: P , .05 (*), P , .01 (**), and P , .001 (***). Data
were analyzed using SPSS for EX Windows, version
16.0 (SPSS Inc, Chicago, Ill).

RESULTS

There was an even distribution of crossbite sides in
the patient group: 12 patients had left FPXB and 14
had right FPXB. Sex differences regarding condyle
fossa relationship were not statistically significant (P .

.05); therefore, data from girls and boys were grouped
together. A total of 52 low-dose TMJ CTs were studied
in the patient group: 26 TMJs for the FPXB side and 26
TMJs for the non-crossbite side.

In TMJ CT scans of the control group, there were no
statistically significant differences (P . .05) for joint
spaces between the two sides; accordingly, data from
the two joints were tabulated together. Thus, a total of
26 TMJs comprised the control group.

Before treatment (T0), when comparing condyle joint
spaces from the control group, FPXB side and non-
FPXB contralateral condyles (Tables 1–3), no statisti-
cally significant difference was observed for SS and
PS among FPXB, non-crossbite, and control TMJs
before maxillary expansion (Tables 2 and 3), whereas
ANOVA values for AS were statistically significant
(P , .01; Table 1). On the other hand, Student’s
paired t-test values between these recordings were not
statistically significant (Table 4).

After RME treatment (T1), all three joint spaces
increased both in the FPXB side and in the non-FPXB
side. However, differences between the two sides, also
in this instance, were of small amount and were
statistically significant only for SS (Tables 5 and 6).

The increased three joint spaces observed after
RME treatment (T1) both on the FPXB and non-FPXB
sides (Tables 6 and 7) were of a different extent. In
fact, when comparing measurements at T0 and T1, SS
increased more than AS and PS, both in non-crossbite
condyle (0.28 mm; Table 6) and in FPXB condyle
(0.37 mm; Table 7), and PS increased just in the FPXB
side (0.34 mm). Almost all of these differences were
statistically significant (P , .01 and P , .001). It is
interesting to note that the standard deviations of the
relative condylar position at both T0 and T1 were also
slight, indicating narrow variation in condylar positions
in both sides of the study group.

No statistically significant differences were observed
when comparing MSP‘ between the FPXB sides to the
non-crossbite side both at T0 and at T1 and T1 versus
T0 (Tables 4–7).

DISCUSSION

Actually, CT imaging has been shown to be the ideal
tool for TMJ assessment. Here, for the first time, low-
dose CT was used to evaluate condylar position in
patients affected by FPXB, before and after treatment.
The axial slice was used to assess the symmetry
between the condyles in the anteroposterior and
mediolateral aspects because it shows both condyles
in the same image and allows the determination of
reference planes such as the median sagittal plane. In
fact, all attempts were made to select pretreatment

Table 2. Analysis of Variance for Superior Space Measurements

Between the Groups Functional Posterior Crossbite, Non–functional

P C, and Controls at Time T0

Type III Sum

of Squares df

Mean

Square F

Statistical

Significance

Group 0.109 2 0.055 0.266 NS

Error 15.343 75 0.205

Total 445.690 78

Corrected total 15.452 77

Table 3. Analysis of Variance for Posterior Space Measurements

Between the Groups Functional Posterior Crossbite, Non–functional

P C, and Controls at Time T0

Type III Sum

of Squares df

Mean

Square F

Statistical

Significance

Group 0.125 2 0.063 0.491 NS

Error 9.550 75 0.127

Total 374.284 78

Corrected total 9.675 77

Table 1. Analysis of Variance for Anterior Space Measurements

Between the Groups Functional Posterior Crossbite, Non–functional

P C, and Controls at Time T0

Type III Sum

of Squares df

Mean

Square F

Statistical

Significance

Group 1.095 2 0.548 6.545 **

Error 6.275 75 0.084

Total 198.222 78

Corrected total 7.370 77

** P , .01
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and posttreatment CT scan slices of similar cut depth
to minimize bias due to the documented variation in
condylar position between adjacent CT sections. On
the other hand, the sagittal slice was used for
assessing the condyle fossa relationship, allowing
the analysis of condylar concentricity.31 Furthermore,
we also focused on the central cuts of condyles
because landmark identification is difficult outside this
area because of the anatomy of the glenoid fossa.24

The present study demonstrated that there were no
statistically significant differences in condyle position
within the glenoid fossa between the FPXB and non-
FPXB side before treatment. Any positional asymme-
try of the mandible was found in relation to the cranial
floor (based on axial scan), as there was no significant
difference between the MSP‘ values for the right and
left sides.

Measurements of the joint spaces (AS, SS, and PS)
in our sample of patients affected by FPXB were very
close to the control sample and to values reported for
healthy subjects obtained with limited cone-beam
CT.24 The SS distance was greatest both in the
patients and control group, followed by PS and AS;
this is in agreement with data on the concentric
position of the mandibular condyle in the glenoid
fossa. All three joint spaces increased, however, after
treatment with RME on both sides; these changes,
even if statistically significant, were of small amounts
(at most 0.37 mm). This symmetric condyle–glenoid
fossa relationship, recorded in both condyles before
treatment, could be explained by compensatory
condyle fossa remodeling and/or variation in thickness
of the articular TMJ disc.23,32 In fact, it has been
suggested that the TMJ disc has the ability to adapt to
any alteration caused by occlusal changes occurring in
the space between the condyle and fossa.32 The very

slight asymmetric condylar position recorded in our
sample following treatment, on the other hand, may be
explained by the rapid changes of occlusal contacts
between the mandibular and maxillary arch after RME
therapy. In fact, our study describes early treatment
changes in the condyle position within the glenoid
fossa, with CT scans obtained after the active phase of
maxillary expansion and not following the fixed
orthodontic appliance.

Therefore, the beliefs that children with functional
unilateral posterior crossbite are characterized by an
asymmetric pretreatment condylar position (with the
non-crossbite side condyle in an anterior and inferior
position in the glenoid fossa) and that a more
symmetric condylar relationship is established after
maxillary expansion are not confirmed in the present
study.

For the sake of clarity, it should be underlined that
these beliefs were based on studies that documented
condylar position with transcranial radiographs11,21 and
tomography,23 but in this latter instance, not every
patient but rather few patients had a submental vertex
radiograph to determine which angulation and depth of
the linear section would pass through the center of the
condyle. On the other hand, we used, as in some other
studies, a multidetector helical CT scanner with
patients in the supine position, which somehow could
have affected results. In this respect, the use of a
maximum intercuspation wax bite is advised for future
studies. Furthermore, ours is a short-term study, and
therefore, any information on the stability of mandible
positional changes should be obtained in a longer-term
study.

All in all, our results corroborate a previous study19

that showed, with horizontal corrected tomograms, no
differences in condylar position between the crossbite

Table 4. Statistical Analysis for Crossbite vs Non-crossbite Before Treatment (T0)a

Measurement Crossbite Side Non-crossbite Side

Crossbite – Non-

crossbite

95% Confidence

Interval Statistical Significance

Angle 69.03 6 6.54 69.7 6 3.11 20.67 [21.42 to 2.7] NS

AS 1.60 6 0.41 1.68 6 0.28 20.08 [20.05 to 0.21] NS

SS 2.37 6 0.58 2.37 6 0.51 0 [20.12 to 0.12] NS

PS 2.11 6 0.49 2.21 6 0.36 20.1 [20.03 to 0.23] NS

a AS indicates anterior space; SS, superior space; PS, posterior space.

Table 5. Statistical Analysis for Crossbite vs Non–crossbite After Treatment (T1)a

Measurement Crossbite Side Non-crossbite Side

Crossbite – Non-

crossbite

95% Confidence

Interval Statistical Significance

Angle 68.57 6 5.79 68.69 6 3.44 20.012 [22.76 to 2.99] NS

AS 1.76 6 0.29 1.83 6 0.26 20.07 [20.05 to 0.19] NS

SS 2.74 6 0.55 2.65 6 0.41 0.09 [20.18 to -0.001] *

PS 2.45 6 0.58 2.26 6 0.36 0.19 [20.35 to -0.01] NS

a AS indicates anterior space; SS, superior space; PS, posterior space.

* P , .05.
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and non-crossbite side before and after treatment with
a quad helix appliance.

CONCLUSIONS

N Young patients with FPXB are characterized by a
pretreatment symmetric condylar position.

N After RME treatment, the three joint spaces some-
how increased, but the symmetric condyle–glenoid
fossa relationship persisted.
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