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A B S T R A C T

Objective: This study was conducted to evaluate skeletal changes in glenoid fossa, condylar head and
articular space following Powerscope appliance therapy using CBCT.
Materials and Methods: This study included twenty patients (age group of 11-15 years) having Class II
Division 1 skeletal & dental malocclusion. A pre-treatment CBCT scan (T1) of both TMJs was taken.
Following leveling & aligning, Powerscope appliance was inserted, which was sequentially activated
using crimpable shims until edge-to-edge bite was obtained. After completion of phase 1 of treatment,
another CBCT scan (T2) was taken. Condylar position, length, height, glenoid fossa & articular space
measurements were obtained from pre- & post-treatment CBCT scans and data obtained were statistically
analysed and compared by Paired-t test.
Results: Comparison between T1 & T2 data showed that the condyles were shifted anteriorly by 1.08 mm,
condylar length and height increased by 0.26 mm and 0.71 mm, respectively. Glenoid fossa and anterior
articular space decreased by 1.50◦ and 0.23 mm, whereas, middle and posterior articular spaces increased
linearly by 2.55 mm and 1.85 mm, respectively.
Conclusion: Powerscope shifted the condyle anteriorly, increased its length and height, and reduced the
glenoid fossa angle. Anterior articular space decreased whereas middle and posterior articular spaces
increased.
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1. Introduction

In clinical setting, skeletal Class II malocclusion may
manifest either by prognathic maxilla and orthognathic
mandible, or orthognathic maxilla and retrognathic
mandible, or a combination of the two.1,2

One of the recommended therapeutic approaches to
Class II malocclusion in growing patients, who are
around circumpubertal growth period, is functional jaw
orthopedics through the primary mechanism of mandibular
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advancement. This forms the basis of growth modulation
therapy.

Contrary to removable functional appliances, fixed
functional devices do not require patient’s collaboration
and can be worn full time in association with multibracket
therapy, so that skeletal and dental discrepancies can
be corrected in a single phase treatment. This modality
significantly reduces treatment duration and cost factor.3

Shortcomings of 2D diagnostic imaging techniques
paved way to 3D imaging techniques, which have provided
a new possibility for orthodontic diagnosis and treatment
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evaluation. The application of recently introduced cone
beam computed tomography (CBCT) to craniofacial region
provides an alternative to traditional computed tomography
(CT) systems with advantages of reduced radiation and
lower expenditure. 3D superimposition protocol uses a
ridged voxel-based registration technique that eliminates
examiner bias in the registration process.4

Since Powerscope has been recently introduced to
the orthodontic fraternity, very limited studies have been
published regarding this appliance till date. So the aim of
this study was to evaluate skeletal changes produced in
the condyle, glenoid fossa and articular space following
Powerscope appliance, in collaboration with multibracket
fixed appliance treatment, using cone beam computed
tomography.

Objectives of the study were to measure position, length
and height of condyle, glenoid fossa angle and articular
space at anterior, middle and posterior regions using CBCT
scans following Powerscope appliance treatment.

2. Materials and Methods

Twenty patients with mandibular retrognathia visiting the
institute’s Department of Orthodontics were included in this
study.

All subjects and their parents were informed about the
procedures to be performed and signed informed consent
was obtained from the parent/guardian, as all patients were
minor.

The study was approved by Institutional Ethics
Committee and review board, Government Dental
College and Research Institute, Bangalore, vide letter
no. GDCRI/ACM(2)/3562/2015-16.

Young growing patients presenting with Class II Division
1 skeletal and dental malocclusion with mandibular
retrognathia and within Cervical Vertebral Maturity
Indicator Stage 4 and 5 5 were included in the study.

Subjects with CVMI stage < 3 and > 5, subjects having
any periodontal disease(s), subjects having undergone any
previous orthodontic treatment(s), subjects with any history
or symptoms of temporomandibular joint disease(s) or
any systemic disease(s) affecting bone metabolism were
excluded from the study.

Eleven growing patients, who fulfilled the selection
criteria, were chosen. Following their preliminary extraoral
and intraoral examination, diagnostic records were
made (Figures 1 and 2), which confirmed orthognathic
maxilla, retrognathic mandible and horizontal to average
growth pattern. A CBCT scan was obtained of both
temporomandibular joints before commencement of
treatment (T1) to check for the position of condyle,
condylar length, condylar height, glenoid fossa and
articular space using KODAK 9000 3D Extraoral Imaging
System (Carestream Health, Rochester, New York, USA)
and data were exported as DICOM images to CS 3D

Imaging Software (Carestream Health, Rochester, New
York, USA).

Figure 1: Extraoral pre-treatment photographs and powerscope
appliance

After CBCT scans were analyzed, the above mentioned
variables were assessed on DICOM images using the same
software. The field of view was confined to both TMJs
so that condylar head, glenoid fossa and external auditory
meatus were visualized. To carry out the measurements
on CBCT scan, conventional sagittal slicing was used.
A horizontal line was constructed passing through the
tangent of external acoustic meatus, which was parallel to
the true horizontal.6The section of the CBCT was then
aligned such that maximum length and width of the external
auditory meatus was obtained. After locating the midpoint
of external auditory meatus, a line, perpendicular to the
tangent and passing through the midpoint, was drawn.
Linear measurement was obtained by drawing a line from
the center of the condylar head to the midpoint of external
auditory meatus parallel to the tangent6(Figure 3 a-c).

Glenoid fossa angle was measured by drawing a tangent
to anterior and posterior slopes of glenoid fossa6 (Figure 4,
a-c). Linear measurements between anterior and posterior
slopes of glenoid fossa and condylar head at three different
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Figure 2: Intraoralpre-treatment photographs

Figure 3: a-c : a1 – Pre-Treatment (T1) Condylar Position, a2 –
Post-Treatment (T2) Condylar Position, b1 – Pre-Treatment (T1)
Anterior and Posterior Articular Spaces, b2 – Post-Treatment (T2)
Anterior and Posterior Articular Spaces, c1 – Pre-Treatment (T1)
Middle Articular Space, c2 – Post-Treatment (T2) Middle Articular
Space

locations i.e., anterior,7 middle8 and posterior,7 were taken
for articular space (Figure 3, a-c). Linear measurement
was carried out to get the size of condylar head between
points on anterior and posterior curvature of condylar head.9

Condylar height was obtained by drawing a perpendicular
from the highest point on the condylar head to a tangent to
the deepest point on sigmoid notch9 (Figure 4, a-c).

Figure 4: a-c: a1 – Pre-Treatment (T1) Glenoid Fossa Angle, a2
– Post-Treatment (T2) Glenoid Fossa Angle, b1 – Pre-Treatment
(T1) Condylar Length, b2 – Post-Treatment (T2) Condylar Length,
c1 – Pre-Treatment (T1) Condylar Height, c2 – Post-Treatment
(T2) Condylar Height

Firstly, 0.022x0.028” preadjusted edgewise MBT
brackets (American Orthodontics, Sheboygan, WI, USA)
were bonded to the patients’ dentition. Upper and lower
second molars were also banded/bonded in order to
minimize intrusive forces on the molars. A transpalatal
arch was placed to maintain transverse dimension of
the maxillary arch. After initial leveling and aligning,
0.019x0.025” U/L rectangular stainless steel archwires
were placed for 1 month. Labial root torque was provided
in the lower archwire in mandibular anterior region
and archwires were cinched back in order to prevent
dumping of mandibular anteriors. Entire maxillary and
mandibular arches were consolidated using 0.009” stainless
steel ligature. Later, Powerscope Appliance (American
Orthodontics, Sheboygan, WI, USA) (Figure 1) was placed.
Intraoral photographs (Figure 2) were taken. Patients were
called after 10 days for an initial check-up, then once
every 4 weeks for regular check-up for a period of 6-8
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months. Monthly appointments included assessment of
attainment of pterygoid reflex, any breakages of the fixed
appliance, and checkup for any discomfort and regular
motivation. Appliance was sequentially activated by using
crimpable shims (available in 2 mm and 3 mm sizes)
depending on the amount of skeletal discrepancy in each
patient’s mouth, until edge-to-edge bite was obtained. After
completion of 6-8 months of treatment with Powerscope
appliance, CBCT of both temporomandibular joints were
repeated (T2) to quantify skeletal changes produced in
glenoid fossa, condylar head and articular space and to
compare with linear and angular measurements from
pre-treatment scans (T1). Following complete treatment
duration of approximately 24 months, post-treatment
extraoral and intraoral records were taken (Figures 5,
6 and 7). Removable retention appliance with inclined
plane for maxillary dentition and fixed lingual retainer for
mandibular dentition was placed. Out of 11 patients, 3 did
not report for further treatment so total 8 patients completed
the Powerscope appliance therapy successfully.

Figure 5: Intraoral photographs withpowerscope appliance

All measurements were carried out by two operators, to
avoid intra- and inter-observer errors. Double assessment of
each parameter was done at least 1 week apart to check
for intra- & inter-examiner reliability which was excellent
as coefficient of correlation was above 0.96 for all CBCT
measurements.

The data obtained were subjected to statistical analysis.
Means, standard errors, and standard deviations were
tabulated, which were calculated using SPSS (Statistical

Figure 6: Extraoral post-treatment photographs

Package for Social Sciences Software, SPSS Inc., Chicago,
Ill, USA).

3. Results

Sample size included 5 females (45.45%) and 6 males
(54.54%), with a mean age of 12.50 years for female
patients and 13.66 years for male patients.

The statistical test used in this study was paired t-test.
The level of significance (α) was set at 0.05.

Statistically significant forward positioning of the
mandibular condyle and increase in condylar length,
condylar height, middle & posterior articular space was seen
on both sides. Statistically significant decrease in anterior
articular space and glenoid fossa angle was seen (Figures 8,
9 and 10). The mean difference between T1 & T2 on both
sides of above variables is shown in Tables 1 and 2. In all of
the variables studied, statistically significant difference was
not seen between either side, so mean of both sides is taken
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Figure 7: Intraoralpost-treatment photographs

(Table 2).

Figure 8: Comparison of different variables between pre-treatment
& post-treatment on CBCT scans

4. Discussion

The treatment of Class II malocclusion has always presented
with a challenge to the orthodontists.

Over time, although various fixed functional jaw
orthopaedic appliances were developed for correction
of Class II malocclusion with mandibular retrusion,

Figure 9: Comparison ofglenoid fossa angle on right & left sides
and mean value between pre treatment and post-treatment on
CBCT scans

Figure 10: Comparison of mean changes in variables betweenpre-
treatment and post-treatment on CBCT scans

Powerscope appliance was used in this study owing to
its certain advantages. The problem of fatigue failure is
addressed by its telescopic spring architecture, which is
usually the case with rigid fixed functional appliances, and
hence, greatly reduces the number of patient’s emergency
visits to the orthodontist.10This appliance is factory
manufactured and doesn’t require any chairside assembly.
Appliance placement is not cumbersome, since it can
be directly attached to the archwire. Activation is done
by adding crimpable shims of predefined dimensions for
stepwise advancement of mandible and this greatly reduces
the orthodontist’s chairside time during follow-up activation
appointments.

According to Baccetti et al,11 when twin block appliance
is used, best results of orthopedic correction are obtained
when patients are treated during or slightly after the onset
of pubertal peak.

There are instances when patients report to the
orthodontist seeking treatment when he/she has reached
past the age of pubertal growth spurt. By then, maximum
percentage of growth has already been completed, with only
residual condylar growth to be completed. But according to
Aras,7Konik,12and Ruf and Pancherz,13 mandibular growth
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Table 1: Comparison of different variables between pre-treatment & post-treatment on CBCT scans

S. No. Parameter (in mm) Pre-Treatment (T1) Post-Treatment (T2) Mean
Difference P ValueMean SD Mean SD

1. Left Condylar Position 11.48 ± 0.49 12.72 ± 0.57 1.24 0.000
2. Right Condylar Position 11.42 ± 1.38 12.35 ± 1.36 0.93 0.001
3. Left Anterior Articular

Space
1.49 ± 0.27 1.30 ± 0.22 0.19 0.004

4. Right Anterior Articular
Space

1.41 ± 0.29 1.14 ± 0.13 0.27 0.028

5. Left Middle Articular
Space

2.86 ± 0.58 5.30 ± 0.56 2.44 0.000

6. Right Middle Articular
Space

2.51 ± 0.43 5.18 ± 0.57 2.67 0.000

7. Left Posterior Articular
Space

3.09 ± 0.40 4.79 ± 0.61 1.70 0.000

8. Right Posterior Articular
Space

3.00 ± 0.53 5.00 ± 0.96 2.00 0.000

9. Left Glenoid Fossa
Angle*

81.63 ± 3.58 79.88 ± 3.36 1.75 0.001

10. Right Glenoid Fossa
Angle*

80.75 ± 4.74 79.50 ± 3.93 1.25 0.006

11. Left Condylar Length 9.69 ± 0.54 10.00 ± 0.76 0.31 0.012
12. Right Condylar Length 9.85 ± 0.52 10.06 ± 0.66 0.21 0.042
13. Left Condylar Height 15.29 ± 1.93 15.99 ± 2.10 0.70 0.003
14. Right Condylar Height 15.04 ± 1.90 15.76 ± 1.99 0.72 0.005

* Indicates values in Degrees

Table 2: Comparison of different variables on right and left sides between pre-treatment & post-treatment on CBCT scans

S.No. Parameter (in mm) Left Right Mean
Difference P Value Average

ChangeMean SD Mean SD
1. Condylar Position 1.24 ± 0.50 0.93 ± 0.46 0.31 0.557 1.08
2. Anterior Articular

Space
0.19 ± 0.12 0.27 ± 0.28 0.08 0.820 0.23

3. Middle Articular Space 2.44 ± 0.86 2.67 ± 0.44 0.23 0.449 2.55
4. Posterior Articular

Space
1.70 ± 0.35 2.00 ± 0.55 0.30 0.498 1.85

5. Glenoid Fossa Angle* 1.75 ± 0.89 1.25 ± 1.58 0.50 0.700 1.50
6. Condylar Length 0.31 ± 0.26 0.21 ± 0.24 0.10 0.385 0.26
7. Condylar Height 0.70 ± 0.43 0.72 ± 0.41 0.02 0.556 0.71

* Indicates values in Degrees

can extend beyond puberty, and minimal residual growth
can only be stimulated with fixed functional appliances.
According to Ruf and Pancherz,13,14 Herbst appliance is
most successful in treatment of Class II patients who are
at the end of growth period. According to Pancherz’s
viewpoint,5orthopedic growth adaptation with the use of
Herbst appliance is a useful alternative to orthognathic
surgery in borderline adult skeletal Class II cases and
that owing to remodeling capacity of TMJ in adult
patients, it can be used for growth modulation in young
adults for bringing about skeletal changes in the TMJ.The
phenomenon of ‘Cephalocaudal Gradient of Growth’ also
applies in the craniofacial region, as elsewhere in the body,
wherein mandible, being distal to the cranium, continues
its sagittal growth until late adolescence whereas maxilla,

being in proximity to the cranium, completes its growth
before the mandible.15

Thus, in this study, case selection was done keeping
above factors in mind.

As stated earlier, owing to its high degree of accuracy and
reliability9,16–18 in maxillofacial imaging, CBCT of TMJ
was preferred for measuring the said parameters.

4.1. Treatment effect on condyles

A forward shift in condylar position obtained in this study
(Tables 1 and 2) is in agreement with Wadhawan et
al.6where an MRI study concluded that forward condylar
shift of 1.20 mm was seen following functional appliance
treatment.
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An increase in the condylar length and height (Tables 1
and 2) contributed to overall increase in mandibular length.
In previous studies, a similar change in condylar dimensions
after Herbst appliance therapy was reported by LeCornu et
al.,4Ruf and Pancherz.19

4.2. Treatment effect on glenoid fossa

In this study, bone remodeling in the glenoid fossa can be
explained by a decrease in glenoid fossa angle (Tables 1
and 2) which indicates bone deposition on the posterior
slope and bone resorption along the anterior slope of glenoid
fossa. Similar changes were noticed by LeCornu et al.4 and
Ruf and Pancherz19while using Herbst appliance. LeCornu
et al.4reported bone resorption along the anterior wall
(right, 1.69 mm; left, 1.43 mm) with deposition along the
posterior wall of glenoid fossa (right, 0.59 mm; left, 0.79
mm).

Ruf and Pancherz19 reported that remodeling of the
glenoid fossa occurred at inferior part of anterior surface
of post-glenoid spine and decreased progressively towards
the superior part of the fossa. Findings in the glenoid fossa
in our study are in agreement with findings of the study
mentioned above.

Rabie et al.20and Jung21 have associated the changes
in the glenoid fossa to changes occurring at the cellular
level. They found that mandibular protrusion resulted in
osteoprogenitor cells being oriented in the direction of pull
of posterior fibers of articular disc and also resulted in a
considerable increase in bone formation in the glenoid fossa.
Changes in the glenoid fossa observed in this study could be
probably due to similar cellular responses.

It has been reported that new bone formation seems
to be induced by tensile forces of posterior fibrous
tissues of articular disc transmitted to the periosteum
of the glenoid fossa. This indicated that at least two
etiological factors might be responsible for growth
modification mechanism: force of viscoelastic tissues and
force transduction.The viscoelastic properties are associated
with the stretched retrodiscal tissues, fibrous capsule, and
sticky, hydrophilic synovial fluids communicating with the
condyle and the glenoid fossa, described in the growth
relativity hypothesis.22 Also, according to Voudouris,23

bone formation found in experimental animals up to the
articular eminence, where there is no retrodiscal attachment,
has also been linked to force transduction, which appears to
be produced from the attachment of the retrodiscal tissues
at the anterior aspect of the fossa. Hence, changes in the
glenoid fossa could be due to new bone formation as
explained by above studies.

4.3. Treatment effect on articular space

In this study, anterior articular space was found to be
reduced whereas middle and posterior articular spaces

increased (Tables 1 and 2).
From above results, it is clear that skeletal changes

were seen in both sagittal and vertical planes with
respect to condyle and in sagittal plane with respect to
glenoid fossa which contributed to statistically significant
overall increase in mandibular length. Studies conducted
by Wadhawan6 and Baysal24 on effects of twin block
concluded that treatment effects were mainly due to
mandibular skeletal changes by anterior relocation of
Condyle-Glenoid Fossa (C-GF) complex. As mentioned
in previous studies conducted on appliances like Herbst,
Eureka spring, Jasper Jumper, Forsus nitinol flat-spring and
Forsus Fatigue Resistant Device by Cacciatore,3 Aras,7

Karacaya,25Servello,26 Perinetti,27 Franchi,28 Aslan29

Zymperdikas,30 and Celikoglu31 respectively, as well as
studies on Powerscope appliance particularly conducted by
Agarwal,32 Antony,33 Ansari,34 Singaraju,35 Varghese,36

and Kaur,37 the overall correction of Class II malocclusion
by fixed functional appliances is mainly dentoalveolar in
nature. But in this study, only skeletal changes in condyle-
glenoid fossa region were evaluated, whereas changes
in dentoalveolar structures before and after Powerscope
appliance treatment were not taken into account.

Besides skeletal changes induced by Powerscope
appliance in the C-GF region, other factors such as relief
of dental intercuspation due to the appliance and intrinsic
genetic potential of the patient favoring residual sagittal
mandibular growth, ought to be taken into consideration.
However, there is a complex interplay of above mentioned
factors which govern the growth modulation therapy using
functional appliances which might have played a role in
sagittal correction of the mandible.

More evidence is required in order to substantiate
long term skeletal and dentoalveolar effects caused by
Powerscope appliance.

5. Conclusion

When powerscope appliance was incorporated for the
correction of skeletal Class II malocclusion, it can be
concluded that:

1. An average forward shift of mandibular condyle by
1.08 mm was seen after 6-8 months of treatment.

2. An increase in condylar length (0.26 mm) and height
(0.71 mm) was seen, which may have contributed to
increase in mandibular length.

3. Changes in anterior and posterior slopes of the glenoid
fossa may have led to decrease in glenoid fossa angle
(1.50o).

4. An average decrease in anterior articular space by
0.23 mm and increase in middle and posterior articular
space by 2.55 mm and 1.85 mm respectively, was seen
which could be due to forward shift of the condyle and
changes in the glenoid fossa.
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