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INTRODUCTION 

Class III malocclusion is one of the most 
difficult problems to treat in the mixed dentition(1). 
It has a multifactorial etiology involving genetic, 
habitual, ethnic, and environmental components(2-4) . 

Different ethnic groups exhibit different prevalence 
rates of Class III. The prevalence rate was reported 
to be around 1–3% in the Caucasians and around 
13-14% among the Chinese and Japanese. In the 
Asian population the majority of patients exhibit 
midface deficiency (5). 
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ABSTRACT

Aim of the study: This study was conducted to evaluate the three dimensional changes in the 
TMJ after the maxillary protraction using face mask therapy.

Material and Methods: Eighteen growing patients (ages ranged from 8-11 years) were included 
in the current study. All patients manifested features of skeletal class III due to maxillary deficiency. 
A Petit-type facemask was used for all patients and was attached intraorally to a fixed labiolingual 
appliance through extraoral elastics . A cone-beam CT scan had been applied for each patient before 
the start of the treatment and after 10 months. The three-dimensional (3D) temporomandibular 
joint measurements included: 1) anterior fossa line inclination, 2) posterior fossa line inclination, 
3) anterior joint space, 4)posterior joint space,5) medial joint space, and 6) superior joint space.

Results : Regarding Anterior Joint space : measurements after using a facemask appliance were 
significantly higher than before (as P<0.05) ,while regarding Posterior and superior Joint spaces: 
measurements after using a facemask appliance were significantly lower than before (as P<0.05)

Conclusion: Facemask therapy for maxillary protraction in management of skeletal class III 
produced: 1- Decrease in both posterior and superior joint spaces ,while increase in the anterior 
joint spaces. 2- Bone remodeling in the glenoid fossa causes upward and backward displacement 
of the condyle.
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Patients with Class III malocclusion can exhibit 
maxillary retrusion , mandibular protrusion, or both, 
together with abnormal dental relationship problems 
and facial esthetic disorders.  Further, on an average, 
60% of Class III malocclusions are characterized by 
maxillary deficiency (6). 

Awareness of maxillary deficiency as the main 
contributing part of the Class III structural etiology, 
has led to using various devices with an orthopedic 
effect: face mask (FM)/orthopedic mask , protraction 
headgear/reverse headgear, chin cup, reverse twin-
block, and skeletal anchorage systems (7-9) .

All these orthopedic appliances are effective 
in treating the skeletal maxillary deficiency in 
growing patients. However, many studies show 
that the effects depend largely on the timing of 
the treatment: the earlier the treatment is applied, 
the more the orthopedic effects on the maxillary 
growth and the less the unwanted dental changes 
(orthodontic effect).

Most of the studies of protraction facemask 
(PFM) treatment mainly focused on its efficacy on 
Class III malocclusion, including the skeletal and 
dental changes (10–14) , but few ones were available 
concerning the effect of PFM on TMJs and The 
interaction between the mandibular condyle and the 
glenoid fossa subsequent to its treatment (15-18) . 

In the orthodontic practice, cephalometric 
and panoramic radiographs are the most common 
approaches in the radiographic evaluation of the 
TMJ because of availability, ease of use, low 
radiation requirement, and low cost (19) . However, 
validity of 2D imaging is doubtful depending on 
the changes created by patients’ head position and 
beam projection angle. Furthermore, anatomic 
superimposition and magnification differences of 
the left and right sides that cause double border 
of the mandible on the radiograph are the other 
disadvantages (20) .

Recent improvements in technology have led to 
the 3D cone beam computed tomography (CBCT) 
that has been developed specifically for the maxil-
lofacial region. CBCT could provide sub-millimeter 
spatial resolution images with markedly shorter 
scanning times and has been reported to require 
somewhat lower radiation dosages than computed 
tomography (CT) imaging methods. CBCT allows 
personal computer-based two dimensional (2D) 
multi-planar reformatted (MPR) and secondary re-
construction of the data as well as volumetric three 
dimensional (3D) images that allows 1:1 image re-
ality (21) .For this reason , this study was conducted 
to evaluate the three dimenetional changes in the 
TMJ before and after the maxillary protraction us-
ing face mask therapy. 

MATERIALS AND METHODS 

A-Subjects

Eighteen growing patients were included in the 
current study selected from the economic outpatients 
orthodontic clinics, Faculty of Dentistry, Fayoum 
University, Fayoum, Egypt .

Inclusion criteria 

Growing patients with ages ranging from 8- 11 
years were selected with the features of the pre-
pubertal cervi cal vertebrae maturational stages 1 
& 2 (initia tion & acceleration), and were assessed 
according to the method of Hassel & Farman (22) on 
the pre-treatment cone beam computed tomogram 
(CBCT). 

All patients manifested features of skeletal 
class III due to maxillary deficiency as verified 
both clinically & radiographically , which included 
concave or flat facial profile,ANB angle ≤ 0º, 
SNA angle ≤80º , Anterior cross bite or an edge 
to edge incisor relationship, Angle class III molar 
relationship, and Presence of fully erupted maxillary 
first permanent molars.
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B-Methods

Patients who met the eligibility criteria during 
recruitment were invited to participate in the current 
study which was carried out at Faculty of Dentistry, 
Fayoum University. Approval for the research 
proposal was obtained from Ethics Committee 
of the Fayoum University {Number (EC2113) in 
February2021 } All the clinical procedures of the 
study and its aim were explained in details for all 
the patients individually and written consent terms 
were obtained from the patients and legal guardians. 

1-Clinical procedure: 

A Petit-type facemask (Ormco, USA) was used 
in this study. Intraorally the facemask was attached 
to a fixed labiolingual appliance through extraoral 
elastics. The fixed intraoral labiolingual appliance 
consisted of palatal arch (1mm stainless steel) 
soldered to two bands adapted on the two maxillary 
permanent molars. One hook was soldered to each 
band labially and directed distally . Sizes of the 
elastics were selected individually for each patient 
in order to provide 400 g of traction force per side. 
The traction direction of the elastic pull was set as 
30º to the occlusal plane (Figures 1 and 2 ) .

The patients were informed by the instructions 
as to wear the appliance 12-16 hours per day 
(afterschool hours and during sleep). The patients 
were also instructed to change the elastics daily and 
whenever they experienced a loss of the elastic. The 
treatment continued for a period of 10 months.

2-CBCT Imaging :

A cone-beam CT scan (i-CAT Next generation: 
imaging sciences international, Hatfield, PA) had 
been applied for each patient before the start of the 
treatment and after 10 months. 

It was prudent to use a CBCT scanner that 
respects the ALARA principle, and handle the data 
with a software capable of maximizing the output. 

The CBCT scanner used in the current study was a 
flat panel measuring 17 × 23 cm, which produces 
less radiation dose at 120 kV, 18.54 mAs, and 
8.9 seconds than other flat-panel detectors based 
systems. the effective dose is 74 μSv . 

The CBCT scans were done according to the fol-
lowing protocol: Extended field of view (FOV) 17 x 
23 cm , a voxel size of 0.3 mm. The patient’s head was 
oriented with the Frankfurt Horizontal plane parallel 
to the floor and perpendicular mid-sagittal plane to the 
floor. CBCT scans were obtained in a Digital Imaging 

Fig. (1): A  Petit-type facemask in plac

Fig. (2): The Intraoral component of the facemask ; the fixed 
labiolingual applianc

* Anatomage, San Jose, CA, USA. 
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and Communications in Medicine (DICOM) format. 
Cone beam computed tomography images were con-
verted to Dicom format and processed into volumetric 
images using Anatomage image processing software 
version 5.01g. Multiplanar sagittal, coronal and axial 
projections were generated*. 

3-Temporomandibular joint analysis:

The TMJ analysis was done according to 
Alhammadi et al (23) and similar to Alfeky (24) 
Craniofacial and TMJ selected points were 
identified three dimensionally, Lines and planes 
were constructed, and selected linear and angular 
measurements were computed and recorded. The 
three-dimensional (3D) temporomandibular joint 

Fig. (3): Volumetric sagittal view of the TMJ showing the 
mandibular fossa points; 1- FLa-s,2- FLa-i, 3- FLp-s and 
4- FLp-i.

Figure (4):  Volumetric sagittal view of the TMJ showing the mandibular fossa  &  condylar points; MFs, MFm ,  Cds,  and Cdm.

Fig. (5): Volumetric sagittal view of the TMJ showing the 
anterior  &  posterior joint spaces landmarks used; 1- 
JSa-f, 2- JSa-c,3- JSp-f and 4- JSp-c.

Fig (6): Sagittal view of the condyle and mandibular fossa 
showing;  1)  FHP,  2)  AFL, 3) PFL, 4) AFLIFHP 
angle, and  5)PFL/FHP  angle.
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measurements included: 1) anterior fossa line 
inclination, 2) posterior fossa line inclination, 3) 
anterior joint space, 4) posterior joint space,5) medial 
joint space, and 6) superior joint space. Descriptions 
of these points, lines and measurements are listed in 
table (I, II).

Statistical analysis:

Statistical analysis was performed with SPSS 
16® (Statistical Package for Scientific Studies), 
Graph pad prism & windows excel. Exploration of 
the given data was performed using Shapiro-Wilk 
test and Kolmogorov-Smirnov test for normality 
which revealed that the significant level (P-value) 
was insignificant as P-value > 0.05 which indicated 
that alternative hypothesis was rejected, and the 
concluded data originated from normal distribution 
(parametric data) resembling normal Bell curve.

RESULTS 

Inter-observer reliability coefficient (Kappa 
test) was used to evaluate the agreement between 
the same assessor observations. It revealed almost 
perfect agreement (IOC> 0.65) regarding all the 
measurements. 

 Clinical improvement in the form of increased 
convexity in the soft profile before and after 
maxillary protraction using facemask therapy was 
shown in figure (8).

A-The assessment of the TMJ before and after 
facemask appliance therapy:

The three-dimensional (3D) temporomandibular 
joint measurements in both right and left sides 
including: anterior fossa line inclination, posterior 
fossa line inclination, anterior joint space, posterior 
joint space, medial joint space and superior joint 
space were performed in presented in table (III) and 
figures (9, 10). 

B-Comparison between before and after was per-
formed using Paired t-test which revealed that:

In the right side,

1. Regarding Anterior Joint space : AJS 
measurement was significantly increased after 
using a facemask appliance than before as 
P<0.05.

2. Regarding angle between Posterior fossa line / 
and Frankfort horizontal plane, Posterior Joint 
space and Superior Joint space: measurements 
after using a facemask appliance were 
significantly lower than before as P<0.05 .

3. On the other hand, there was insignificant 
difference between the angle between Anterior 
fossa line / Frankfort horizontal plane and 
Medial Joint space after the treatment as 
presented in table (IV) and figure (11). 

Fig.  (7): Sagittal view of the condyle showing the 1 ) anterior, 2) superior, 3) posterior joint, and 4) medial spaces measurements
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Fig. (8): Extroral photographs of a case 
of the facemask group showing 
increased convexity of the facial 
profile (A) before and (B) after 
the observation period.

Fig. (9):  Condylar position before maxillary protraction. Fig. (10):  Condylar position after maxillary protraction.
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In the left side, 

1. Regarding Anterior Joint space: it was signifi-
cantly increased after using a facemask appli-
ance as P<0.05.

2. Regarding Posterior Joint space and posterior 
fossa line/FHP : measurements were significantly 
lower after using a facemask appliance than 
before as P<0.05. 

3. On the other hand, there was insignificant differ-
ence between the angle between anterior fossa 
lines / Frankfort horizontal plane, superior Joint 
space and Medial Joint space after the treatment. 
As presented in table (IV) and figure (11).

Fig. (11):  Bar chart Comparison between mean right and left 
sides of anterior fossa line /Frankfort horizontal plane, 
posterior fossa line /Frankfort horizontal plane, anterior 
Joint space, posterior Joint space, superior Joint space 
and medial Joint space.

DISCUSSION 

Application of the facemask appliances can 
produce good results in patients having skeletal 
Class III malocclusion due to maxillary deficiency, 
moving the maxilla and maxillary teeth forward 
and the mandible backward (25) .Several studies 
demonstrated that reverse headgear treatment 
stimulated forward and downward displacement 
of the maxilla by disrupting the circummaxillary 

sutures,so early treatment is commonly indicated in 
such cases (25-27) . 

The reaction force s resulted from the forward 
movement of the maxillary complex tend to push 
the chin posteriorly. The final effects are clockwise 
rotation of the mandible and increase the vertical 
dimension. Anteroposterior positional changes 
in the temporomandibualr joint including the 
mandibular fossa and the positions of the condyle 
are expected (16) .

Prepubertal growing children with age range of 
8-11 years were included in this study based on their 
cervical vertebrae maturational indicators where 
they have CVMI stages 1 or 2. A control group with 
the same malocclusion was not added to this study 
as it was thought to be unethical to deny the patients 
privilege of early intervention in such a particular 
condition.

The use of cone beam computed tomographic 
scans (CBCT) for cranio-maxillofacial regions has 
gained wide acceptance over the past decade due to 
its various applications in orthodontic diagnosis and 
treatment planning.21 The possibility of perceiving 
the third dimension has been greatly appreciated 
by orthodontists especially after realizing the 
shortcomings of the 2-D lateral cephalometric 
radiograph (20) .

CBCT has not been used frequently in the 
evaluation of condylar response to functional 
orthopedic therapy in patients with skeletal Class III 
malocclusion. Only Lee et al.in 2016 (17) analyzed 3D 
TMJ changes in subjects with Class III malocclusion 
using facemask appliance, and De clerck et al.,(16) 
evaluated the condylar response to orthopedic 
therapy using bone anchored intermaxillary traction.

The TMJ analysis used in our study was adopted 
from the study of Alhammadi., (23) and Alfeky (24) 

who presented a full standardized custom made 
3D analysis specifically for the TMJ. In order to 
properly and accurately assess the TMJ, the precise 
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position, and other dimensions of the mandibular 
fossa and the mandibular condyles were measured. 
These measurements included inclination of the 
anterior and posterior wall of the mandibular fossa 
in relation to the Frankfort horizontal plane (AFL/
FHP, PFL/FHP), all joint spaces included superior, 
anterior, posterior, and medial joint space (SJS, 
AJS, PJS, MJS).

Regarding the mandibular fossa changes, it 
was noticed in the current study that the fossa was 
significantly posteriorly and superiorly displaced 
as revealed by the insignificant increase in their 
anterior walls inclination (AFL) and the significant 
decrease in their posterior walls inclination (PFL). 
The condyles were also significantly displaced 
posterior, and superior in the glenoid fossa as 
indicated by the statistically significant increase in 
the anterior joint space (AJS) and the significant 
decrease in the superior(SJS) and posterior joint 
spaces (PJS).

These findings were in accordance with those of 
De clerk et al., (16) and Lee et al., (17) who suggested 
that the compressive stresses of the face mask 
appliance on the mandible were located on the 
posterosuperior aspects of the mandibular fossa 
together with condylar head and tensile stresses 
on their anterior aspects. Therefore, new bone was 
deposited on the anterior wall of the fossa and the 
condyle and resorption occurred on the posterior 
walls of the fossa changing the fossa position and 
consequently the condyles were also displaced 
posterior and superior. 

The present 3-D analysis of facemask therapy, 
confirmed that bone remodeling after facemask 
therapy for maxillary protraction leads to bone 
apposition to the anterior wall and bone absorption 
of the posterior walls of the glenoid fossa. The 
simultaneity of the displacement of the condyle and 
the above-noted bone remodeling results indicates 
that bone remodeling in the glenoid fossa causes 
upward and backward displacement of the condyle.

CONCLUSIONS 

Facemask therapy for maxillary protraction in 
management of skeletal class III produced:

1. Bone apposition to the anterior wall and bone 
resorption of the posterior walls of the glenoid 
fossa.

2. Decrease in both posterior and superior joint 
spaces, while increase in the anterior joint spaces.

3. Bone remodeling in the glenoid fossa causes 
upward and backward displacement of the 
condyle.

LIMITATION 

Although ethically we could not include pro-
spective control group (growing patients with skel-
etal Class III with no treatment), and there was no 
historic control group available, thus the interpre-
tation of results of this study should be performed 
with much caution, because we could not separate 
the changes presented whether it is purely from the 
intervention (facemask) or partly due to growth 
changes.
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