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ABSTRACT
Purpose: The purpose of this study was to assess the bony trabecular pattern changes seen in growing skeletal class-II maloc-
clusion treated with twin block therapy and comparison with non-treated group. 
Material and Methods: Full mouth Periapical radiographs of patients were taken pre and post twin block therapy. Regions of 
interest (100×100 pixels) were located between apices of the teeth of the maxillary and mandibular anterior, premolar, and molar 
area. The fractal dimension (FD) was calculated by using the box counting method. The particle count (PC) and area fraction 
(AF) analyses were also performed.
Results: There was significant difference in the FD values among the different groups of age, gender, upper, and lower jaws. 
The p-value of FD-0.011, PC-0.001 and AF-0.002 showed significant results after post twin block therapy.
Conclusion: In this study pre-treatment radiographs showed irregular vertical arrangement of the spongy trabeculae running 
from the walls of the socket of one tooth or root to the next and also parallel to the long axis of tooth. Post-treatment radiograph 
showed a regular horizontal arrangement of spongiosa and dense trabeculation and perpendicular to long axis of tooth.
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INTRODUCTION

The alveolar bone is the thickened ridge of bone that con-
tains a region of compact bone, adjacent to periodon-
tal ligament(PDL), which is called the lamina dura when 
viewed on radiographs. The alveolar bone is divided into 
the alveolar bone proper(compact bone) and supporting al-
veolar bone (cortical and trabecular bone). The trabecular 
bone(cancellous bone) is located between alveolar bone 
proper and plates of cortical bone. It is stated that in the pos-
terior maxilla; the trabeculae are typically thin, and numer-
ous, forming a fine, granular, dense pattern, and the marrow 
spaces are consequently slightly larger than the anterior re-

gion of the maxilla and relatively numerous. In the posterior 
mandible, the peri-radicular trabeculae are somewhat thicker 
than in the maxilla resulting in a coarser pattern and they are 
relatively larger than the trabeculae in the anterior region of 
the mandible. The trabecular plates in the mandible are also 
fewer than in the maxilla and marrow spaces are correspond-
ingly larger.(1)Because of its high surface-volume ratio the 
trabecular bone is believed to have an 8-fold higher turnover 
rate than cortical bone and to be highly responsive to meta-
bolic stimuli.(2) This is an important phenomenon since the 
maxilla and mandible are rich in trabecular bone, particularly 
in the anterior regions.
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In 1892 Wolf’s Law stated that – “every change in the form 
and function of bone or of their function alone is followed 
by certain definite changes in their internal architecture and 
equally definite alteration in their external conformation, in 
accordance with mathematical laws”.(3)Wolf’s law states that 
there is a nature’s attempt to organize and orient the bony 
trabeculae in the direction of force vector.

The most common skeletal problem in orthodontics is the 
Class II malocclusion characterized by mandibular retrog-
nathia.(4) Functional appliances contribute to Class II correc-
tion in growing patients through a combination of dentoal-
veolar and skeletal effects. Skeletal changes has been shown 
to account for approximately one-third of the decrease in 
overjet that is seen in successful cases, with the remainder 
predominantly maxillary incisor retroclination.(5) A wide 
range of functional appliances aimed to stimulate mandibu-
lar growth by forward posturing of the mandible are avail-
able to correct this type of skeletal and occlusal discrepancy.
(6)Among all the functional appliances, the Twin-block  has 
gained increasing popularity during the last decade,(7)Hence 
twin block appliance was chosen to assess the changes in 
bony trabeculae.

Twin block appliance was introduced by Scottish orthodon-
tist William Clark, in 1977. It is like a two-piece or split ac-
tivator using separate maxillary and mandibular appliances 
with occlusal acrylic portions that serve as inclined guide 
plane and bite blocks. This bite blocks induce favourably oc-
clusal forces by causing a mandibular displacement in down-
ward and forward direction. (8) Twin block appliance has to 
be worn full time and it is tooth borne and tissue borne. This 
appliance tends to bring out new pattern of mandibular clo-
sure. It favours or stimulates potential mandibular growth 
in sagittal plane thereby correcting skeletal class-II maloc-
clusion and changing the orientation of trabeculae due to 
the change in the position of mandible. To visualize these 
changes in trabeculae, IOPA and Panoramic radiographs are 
the most preferable diagnostic aid.

An understanding of normal anatomical structures on the 
radiographic image is fundamental for using the images as 
a diagnostic aid or in designing research. Therefore, an ef-
fort has been made to identify and understand most struc-
tures that appear on intra- and extra-oral radiographs. Den-
tal researchers and clinicians have historically assumed the 
lattice-like pattern observed on intra-oral radiographs as an 
accurate image of the internal bony medullary cavity. The 
radiographic appearance of normal (healthy) trabecular bone 
was described almost 80 years ago and that traditional de-
scription has not been changed since then.(9)

Bone trabecular pattern can be characterized by a number 
of measures including area of the bony plates, circumfer-
ence of the trabeculae, number of bony and marrow regions, 

thickness of the trabeculae, trabecular spacing, and osseous 
fractal dimension.(10) It must be recognized, however, that it 
is unclear which structures give rise to the trabecular pattern 
seen on dental radiographs.

Hence the purpose of this study was to visualize the chang-
es seen in bony trabeculae due to change in the position of 
mandible by twin block appliance in skeletal class II patients 
with retrognathic mandible.

MATERIAL AND METHODS:

The present study was carried out in the Department of Or-
thodontics and Dentofacial Orthopaedics, Sharad Pawar 
Dental College, Datta Meghe Instiute of Medical Sciences, 
Wardha, and Maharashtra. The study was approved from the 
ethical committee of Datta Meghe Institute of Medical Sci-
ences. Study sample comprised of 10 skeletal class-II cases 
with mandibular deficiency in mixed or early permanent 
dentition attended the OPD of Sharad Pawar Dental Col-
lege and Hospital, Sawangi. Written consent form from all 
the participating samples was taken. Routine orthodontic 
records along with full mouth IOPA were taken. Data was 
analysed using software: - INTRA ORAL GRID for analysis 
of bony trabeculae’s.

The sample consisted of 10patients (5Males and 5Females) 
with the average age of 10 to 13years with no specific medi-
cal history. The patients were clinically and cephalometrical-
ly diagnosed as skeletal class II with retrognathic mandible. 
IOPA of all 10 patients were taken at 2 intervals: pre-treat-
ment and post twin block therapy (duration was 6-8months).

METHOD

The alveolar bone surrounding the maxillary and mandibular 
permanent or mixed dentition on the periapical radiographs 
was evaluated. The periapical radiographs were digitized 
with windows 8.1 interfaced with Adobe Photoshop 7.0 soft-
ware. A 256-gray-scale image was captured from a single 
periapical film at a resolution of 600 pixels per inch. 

Region of interest (ROI) measuring 64 X 64 pixels was se-
lected near the root apices of the incisors, canines, premo-
lar and molar teeth. Teeth structure, periodontal ligament 
(PDL), and lamina dura excluded upon selection of each 
ROI. Then the image was cropped and saved in BMP format. 
The ROI was selected in six regions (anterior, premolar, and 
molar areas in the upper and lower jaws) from each case us-
ing Image J (ver. 1.46r, National Institute of Health, USA, 
Java 1.6.0_20: 64-bit). The ROI was selected and processed 
further using the method designed by White and Rudolph.(11)
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In brief, the original cropped ROI was filtered using Gauss-
ian blur in Adobe Photoshop 7.0 software to remove the fine 
and medium scale variations in image brightness, and then 
saved again. Using Scion image, the original ROI and the 
blurred one were subtracted from each other and multiplied 
by 1 and added 128. Then the resultant image was converted 
to binary with threshold at grey level of 128. The binary im-
age was eroded three times and dilated three times to reduce 
the noise shown in fig. 1 and 2. 

Final image was obtained and used for fractal analysis and 
particles count and area fraction. All digital manipulations 
and measurements were made within ROIs. Image J soft-
ware was used for calculating the fractal dimensions (FDs) 
of the image by the Box Counting function. Initially, the bi-
nary or threshold image was converted by square grid and 
the widths of the square boxes were 2, 3, 4, 6, 8, 12, 16, 32, 
and 64 pixels.(12) Subsequently, the numbers of the counted 
tiles were plotted against the total number of tiles in a double 
logarithmic scale. Finally, FD was calculated from the slope 
of the line fitted on data points. 

Image J software was used to measure the particles counts 
(PCs) and the area fraction (AF) of the region of interest 
(ROI). The particles counts (PCs) command counted and 
measured the objects in the region of interest (ROI) in binary 
images. Here, AF means the percentage of pixels in the im-
age.(12)

STATISTICAL METHODS
Statistical Analysis was done by using descriptive and in-
ferential statistics using student’s paired t test and software 
used in the analysis was SPSS 17.0 version and p<0.05 is 
considered as level of significance.

OBSERVATIONS AND RESULTS
The cases in this study included 5males, and 5females. There 
was significant difference in the FD values among the differ-
ent groups of age, gender, upper, and lower jaws. 

1. The mean value for FD in pre-treatment was 1.84 ± 
0.04& in post twin-block therapy was 1.89 ± 0.03 and 
the p-value of FD was 0.011 showed statistically sig-
nificant changes.

2. The mean value for PC in pre-treatment was 4.31 ± 
0.33 & in post twin-block therapy was 6.99 ± 1.33 and 
the p-value of PC was 0.001 showed statistically sig-
nificant changes.

3. The mean values for AF in pre-treatment was 1.28 ± 
0.12 & in post twin block therapy was 2.59± 0.30 and 
the p-value of AF was 0.002 showed statistically sig-
nificant changes.

DISCUSSION

This study examined the trabecular architecture on intraoral 
radiographs. Intra-oral periapical radiographs are usedin 
general dental practice to diagnose dental diseases like 
periapical lesions, to locate the position of impacted teeth. 
From orthodontic point of view it is commonly used to as-
sess orthodontically induced root resorption, root formation, 
bony trabecular pattern and growth status (mandibular ca-
nine calcification and MP3). In addition, it needs no special 
standardization technique. Thus, it is a cost-effective tool 
to identify individuals. Intra-oral radiographs are preferred 
over extra-oral as they overcome the geometric distortion 
that occurs in panoramic radiographs. In addition they better 
visualize the bone density and the trabecular pattern.(13)

Therefore to visualize the changes in bony trabeculae pattern, 
IOPA of 10 patients were taken pre-treatment and post treat-
ment (twin block therapy) and these IOPA were examined 
by fractal analysis. The result showed statistically significant 
changes in the bony trabeculae of maxilla and mandible in all 
regions of interest due to the functional therapy.

Of the several methods that have been developed to estimate 
the alveolar bone density from dental radiographs, fractal 
analysis appears to hold the greatest promise as an inexpen-
sive and readily available method.(14) The trabecular bone 
has a branching pattern that exhibits fractal properties such 
as self-similarity and lack of well-defined scale. Because of 
this phenomenon, the application of fractal geometry and the 
measurement of fractal dimensions can be used to determine 
trabecular complexity and bone structure.(15) Fractal analysis 
is a technique for identifying scale-invariant structure that 
is not affected by exposure or minor alignment variations 
of radiographs. This makes it well suited for the analysis of 
trabecular bone patterns in radiographs. There are many ap-
proaches for estimating fractal dimension, but the box count-
ing method is the most widely used and is suited for binary 
image analysis. Fractal analysis gives any idea about quanti-
tative changes as being increased or decreased but does not 
give a numerical value of changes occurring in the trabecu-
lae. There is still an opportunity to further optimize the im-
age for characterization of the trabecular and marrow com-
ponents of the bone. In this study the fractal dimension in all 
regions of upper and lower jaw pre-treatment and post twin 
block therapy showed statistically significant results with p-
value-0.011 (Table 1b). This proved that the FD of all the jaw 
sites pre-treatment and post treatment were not similar, thus 
the results indicated further investigation to rule out changes 
in BMD. However, it must be stressed that the clinician or 
the researcher would have to follow the same data process-
ing protocol described in this study because any variations in 
this process might affect the results. In 2006, Jolley et al(16) 
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showed that the periapical radiographs could provide a reli-
able method for determining fractal dimension to analyse the 
changes in alveolar bone density of various bone diseases.

In 2012 Maha Eshak Amer et al(12) examined that the PC of 
each site revealed a significant correlation with the other sites 
of the jaws. The PC represented the area of the trabeculae in 
the ROI, therefore it might not be related with its perimeter 
which was represented by FD. AF, the ratio of the particles 
in ROI, of the anterior premolar area showed a significant 
correlation with those of the upper premolar and lower pre-
molar areas, while the AF of premolar area showed a sig-
nificant correlation with those of the upper anterior, lower 
premolar, and lower molar areas. The AF of the upper molar 
area showed a significant correlation with those of the upper 
anterior, the lower anterior, and lower premolar areas. 

In this study the p-value of PC was 0.001(Table.1a) which 
showed statistically significant changes and also the differ-
ence in the mean value of pre-treatment and post-treatment 
4.31 ± 0.33 and 6.99 ± 1.33 (Table.1a). Also there was a sig-
nificant correlation seen in the value of PC in upper and low-
er jaw(Table.1b). Results of this study showed that changes 
occurred in the area of trabeculae in the region of interest in 
upper and lower jaw after post twin block therapy. 

The p-value of AF was 0.002 showed a statistically signifi-
cant changes in post twin block therapy compare with pre-
treatment (Table.1b) and there was a significant changes 
seen in upper and lower jaw (Table 1b). Results showed that 
the ratio of particles in ROI have changed in post twin block 
therapy in relation to pre-treatment 

Trabecular shape and orientation are adaptive to changes in 
the mechanical environment, such as those induced by aging 
or osteoporosis. In these conditions some trabeculae disap-
pear; indeed, trabeculae oriented in the direction of the main 
forces applied to the bone are not removed, or are removed 
last because of the adaptation phenomenon.(12)  In this study 
trabecular shape, orientation and pattern were changed due to 
the change in the position of mandible by a functional appli-
ance therapy. According to Proffit(4) and other researchers it is 
believed that bony trabecular pattern is perpendicular to oc-
clusal plane and parallel to long axis of tooth and when a or-
thodontic force is applied, the position of mandible is changed 
and the bony trabecular pattern arranged parallel to the forces 
and perpendicular to the long axis of tooth. In this study there 
was significant changes have occurred in bony trabecular pat-
tern visible in the post treatment IOPA of patients. 

CONCLUSION

Pre-treatment radiographs showed irregular vertical arrange-
ment of the spongy trabeculae running from the walls of the 

socket of one tooth or root to the next and also parallel to 
the long axis of tooth. Post-treatment radiograph showed a 
regular horizontal arrangement of spongiosa and dense tra-
beculation and perpendicular to long axis of tooth. Thus the 
retention phase is advisable after the active treatment phase 
for the re-orientation of trabeculae to its original position for 
preventing the relapse.
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Table 1: Comparison of trabecular pattern at pre and post test

Table 1a: Descriptive Statistics

Mean N Std. Deviation Std. Error Mean

FD
Pre Test 1.84 10 0.04 0.01

Post Test 1.89 10 0.03 0.009

PC
Pre Test 4.31 10 0.33 0.10

Post Test 6.99 10 1.33 0.42

AF Pre Test 1.28 10 0.12 0.04

Post Test 2.59 10 0.30 0.09

Table 1b: Student’s paired t test

Paired Differences

t df p-value
95% Confidence Interval of 
the Difference

Mean Std. Deviation Std. Error Mean Lower Upper

FD 0.05 0.05 0.01 0.01 0.10 3.18 9 0.011,S

PC 2.68 1.40 0.44 1.67 3.68 6.02 9 0.001,S

AF 1.31 0.31 0.10 1.08 1.54 12.98 9 0.002,S
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Graph 1: Comparison of trabecular pattern at pre and post test

Figure 1: IOPA jpeg image pre treatment.
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Figure 2: IOPA jpeg image post twin block therapy.

Figure 1 and 2:

(a) Digitized peri-apical radiograph JPEG (b) 256 gray scale jpeg image (c) original cropped ROI image (d) Gaussian Blurred 
Image (e) image after subtracting original image with Gaussian blurred image (f) Binary image (ROI)  (g) Binary image after 
dilate(X 3) and after erode(X 3)

The resultant image was used for the analyses of fractal dimension, particles count, and area fraction.


