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Introduction
In cases of unknown dead, especially when skeletonized remains 
are concerned, conventional identification techniques such as DNA 
analysis, comparisons of fingerprints and dental records can be 
scarcely used.1 In such scenarios, facial reconstruction (FR) maybe 
useful for the identification of unidentified decedents. Therefore, de-
tailed information obtained from the physiological and osteological 
analysis of the remains along with sex, age and population-specific 
data on facial soft tissue thicknesses may promote the success of this 
approach.1 Variations in thickness, length, and tonicity of the soft 
tissues may affect the position of and the relationships among the 
facial structures thereby affecting facial esthetics.2 The facial STTs 
are of importance for plastic surgeons and orthodontists in the plan-
ning of treatment procedures.    Vanezis3  defines markers of facial 
soft tissue thickness as lines projecting from cranial landmarks to 
facial landmarks. The length of these lines corresponds to the thick-
ness of the soft tissue at that particular location.
Established methods for measuring FSTT include physical eval-
uation through puncture and through imaging techniques like 
conventional radiographs, Computer Tomography (CT) Imaging, 
Ultrasound, Magnetic Resonance Imaging (MRI), Cone Beam 
Computer Tomography (CBCT).4 FSTT had been carried out in 
various races using cadavers through puncture. The accuracy of this 
method is questionable due to an inherent error, mainly because of 
degree of dehydration of human soft tissue which is marked during 
initial stages, the possibility of inaccurate positioning of the probe 
and difficulties in finding the correct underlying bone sites. Also, 
the hardness of the skin of cadaver can hinder the ability to perform 
accurate manual palpations during measurements. Moreover, these 
difficulties are compounded by limited numbers of suitable speci-

mens representing individual ethnic groups and the time consum-
ing nature of the methodology. Imaging-based methods which obtain 
measurements on living subjects are unquestionably a better approach 
and benefit from the availability of a much larger population of subjects 
and much greater accuracy.5
FSTT also depends on a number of factors like age, sex, BMI, occlu-
sion and facial profile. Although examination of the skull can determine 
age, sex & ancestry, soft tissue characteristics such as nose profile, ear 
profile, eyelid shape and mouth profile are difficult to establish from 
skull profile alone. On the other hand, though facial profile i.e. convex, 
concave, or straight, equating to skeletal class II, III, is relatively easy to 
assess from the skull, it is not surprising that there are differences in soft 
tissue thickness among skeletal classes.7 In the lower face region, mea-
surement variation was observed in previous studies explained by the 
influence of skeletal class. As skeletal classes are defined according to the 
relationship between the maxillary and mandibular position, they are 
naturally influenced by factors that inhibit or boost the growth of these 
bones. It seems reasonable that factors that influence bone might also 
affect soft tissue thickness. 8
A decrease in nutrition leads to smaller STTs, except for the tissues 
around the eyes, which could be due to the lack of subcutaneous fat in 
this area. It has been established that the ‘‘malar fat pad’’ is the thickest 
facial zone followed by the ‘‘premental fat pad’’, whereas the fat tissue 
in the forehead zone is almost non-existing.9 The STTs located in the 
areas around the mandible and cheeks are the first to alter along with 
changes in body weight.  Furthermore, the STTs located in the facial 
region with highest fat concentration increase proportionally with the 
increasing BMI. 
Many authors 10 have reported significant sex differences in the midline 
landmarks. Dumont et al11 reported soft tissue thickness classified by 

Abstract
Aims: The aims of present study are: 1.To assess Facial soft tissue thicknesses for males and females of different skeletal classes 
on Lateral cephalograms.2.To assess any possible correlation between Facial soft tissue thicknesses, gender and skeletal class-
es.3.To assess any possible correlation between Facial soft tissue thicknesses and Body Mass Index.
Materials & methods: Sample included patients reported to department of Orthodontics. Total sample of 200 patients includ-
ing 100 males and 100 females was taken. Body mass index (BMI) of each individual was calculated and soft tissue thickness 
at different facial points was measured from lateral cephalograms.
Results and conclusion:  Facial soft tissue thickness (FSTT) was significantly different among class I, II and III females for point 
Sn. Highly significant positive correlations between FSTT and BMI  were obtained for points G, Lm, Po, Gn in males  while in 
females, significant correlations were observed at points G, Na, Lm and Po.
Keywords: Body mass index, soft tissue, ultrasound, facial reconstruction.
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dental occlusion, while Starbuck et al12 and Claes13 reported soft tissue 
depth variation with body weight and body mass index (BMI). The 
present study was planned to estimate FSTT in Panchkula population 
using digital lateral cephalograms and to evaluate possible variations of 
FSTT with gender, skeletal classes & body mass index.

Aims & objectives
The aim of the present study was to assess facial soft tissue thickness 
from Lateral Cephalogram in young adults and to correlate possible 
variations with gender, skeletal classes & body mass index.

The objectives of the study were 
•  To assess Facial soft tissue thicknesses for males and females of differ-
ent skeletal classes on Lateral cephalograms.
•  To assess any possible correlation between Facial soft tissue thickness-
es, gender and skeletal classes. 
•  To assess any possible correlation between Facial soft tissue thick-
nesses and Body Mass Index.

Materials and methods
Study samples were collected from consecutive patients presenting 
with orthodontic complaints and malocclusion between January 
2017 to February. The study population consisted of 200 subjects 
divided into 2 groups:
Group 1: Males within 18-25 years of age (n=100)
Group 2: Females within 18-25 years of age (n=100)
Patients with facial fractures and syndromes of craniofacial anomalies of 
those having undergone orthognathic / orthodontic treatment were exclud-
ed from the study. 
For the study, we used a Planmeca Proline Digital Panoramic Radiogra-
phy Unit (PLANMECA, Finland), along with the Planmeca Romexis 
software 2.6.0.R. The Carestream  Dry View 5700 laser imager was also 
used to study the Carestream Laser Imaging Films-(8X10 inch). 
After obtaining the written informed consent from the patients (An-
nexure II, III) complete examination of the subject was done. Patients’ 
representative of a racially and socially homogeneous population was 
taken. Body weight of the subjects was recorded to the nearest 0.1 kg 
using a digital weighing scale with patients wearing lightweight clothing 
and no shoes. Three measurements were taken consecutively, the aver-
age value was calculated and recorded. Body mass index was calculated 
as follows:  
BMI=W/H2,W-Weight in kg;H-Height in meters.
The subjects were categorized according to their BMI values into the 

following categories as Underweight ( ≤ 18.5 kg/m2) ; Normal weight( 
=18.5–24.9 kg/m2); Overweight (=25–29.9kg/m2) Obesity (= BMI of 
30kg/m2 or greater). 

Measurement of soft tissue thickness with the help of anatomical 
landmarks:
A training exercise with the supervisors was carried out to standardize 
the measurement technique. The soft tissue thickness were measured at 
the following 10 facial anatomical points, as described above: (1) glabella 
(2) nasion (3) rhinion (4) subnasale (5)labralesuperius (6) stomion (7) 
labraleinferius (8) labiomentale (9) pogonion (10) gnathion. The FSTT 
at various anatomic landmarks was recorded as the Euclidean distance be-
tween the bony landmark and itshomologous cutaneous landmark. These 
distances were measured perpendicular to the bony surface except at sub-
nasale, stomion, labralesuperius, labraleinferius, where the distance was 
measured as per the definition. The linear and angular measurements were 
entered into the proforma. The data was tabulated and subjected to statis-
tical analysis. Descriptive data were expressed in mean ± SD. Frequencies 
were expressed in percentages or numbers. The variation between means 
of groups was estimated using Independent samples test. Comparison of 
frequencies between the groups was done by Chi-square test. Comparison 
of multiple variables was done by one-way ANOVA analysis, followed by 
post Hoc analysis. Correlations between parameters were estimated using 
Spearman’s correlation. Intra-observer variability was assessed using intra 
class correlation and determining internal consistency using Cronbach’s al-
pha. Software used for statistical analysis was SPSS (Statistical Package For Social 
Sciences),version 22.0 (Chicago, USA). 

Results
Comparison of ANB angle, 10 FSST landmarks between the 
study groups:
When the soft tissue thicknesses at various points were compared 
between the groups by Independent samples test, highly significant dif-
ferences (with higher values being recorded in males) were found for 
Na [ t ( 198) = 3.78, p < 0.001], Rh [ t ( 198) = 3.5, p < 0.001], Sn [ t ( 
198) = 6.64, p < 0.001], Ls [ t ( 198) = 7.77, p < 0.001], S [ t ( 198) = 
6.79, p < 0.001], Li [ t ( 198) = 7.54, p < 0.001], Po [ t ( 198) = 2.85, p 
= 0.005] and Gn [ t ( 198) = 5.11, p < 0.001].
Comparison of Facial soft tissue thickness in males & females 
according to BMI category:

Gender Overjet Overbite ANB Angle G Na Rh Sn Ls S Li Lm Po Gn
Male Mean 2.47 2.46 3.42 5.93 6.33 1.76 15.61 14.26 6.26 15.01 11.81 12.43 6.83

Std. Deviation 1.92 1.18 2.09 1.15 1.53 0.65 2.73 2.08 2.01 1.69 1.89 2.29 1.91
Minimum -1 1 -4.19 3.5 3.4 0.5 6.8 8.6 2.0 11 7.8 4.7 2.3
Maximum 10 8 8.46 8.9 11.3 3.5 21.5 19.0 12.0 21 16.7 18.8 12.6

Female Mean 2.57 2.78 4.01 5.79 5.56 1.46 13.14 11.93 4.41 13.04 11.45 11.51 5.56
Std. Deviation 2.14 1.31 2.70 1.21 1.36 0.57 2.52 2.16 1.84 1.97 1.61 2.29 1.59
Minimum -2 1 -7.09 2.9 2.1 0.4 5.2 6.8 0.4 6 7.1 5.4 2
Maximum 10 6 10.50 8.5 9.2 2.7 17.1 17.5 9.2 18 15.7 17.8 9.2

Total Mean 2.52 2.62 3.72 5.86 5.94 1.61 14.37 13.10 5.33 14.02 11.63 12 6.2
Std. Deviation 2.03 1.26 2.43 1.18 1.50 .63 2.90 2.41 2.14 2.08 1.76 2.33 1.87
Minimum -2 1 -7.09 2.9 2.1 0.4 5.2 6.8 0.4 6 7.1 4.7 2
Maximum 10 8 10.50 8.9 11.3 3.5 21.5 19.0 12.0 21 16.7 18.8 12.6

Table 1: Descriptive data of overjet, overbite, ANB angle, FSST at 10 landmarks in study groups
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Underweight category: The mean soft tissue thickness in males 
in underweight BMI category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, 
Gn were 5.7 ± 0.8, 6.55 ± 1.11, 1.84 ± 0.63, 15.95 ± 2.27, 14.78 ± 
1.30, 6.44 ± 1.77, 15.07 ± 1.44, 11.19 ± 1.52, 11.08 ± 2.49 and 6.10 
± 1.32mm respectively.  The mean soft tissue thickness in females 
in underweight BMI category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, 
Gn were 5.76 ± 1.22, 5.05 ±1.74, 1.50 ±0.42, 13.12 ± 2.32, 11.05 
±1.81, 3.99 ±1.51, 12.99 ± 1.87, 11.06 ±1.62, 10.64 ± 1.79 and 
5.01 ± 1.65 mm respectively. 
When the differences between underweight Group 1 & 2 subjects 
were analysed statistically by Independent samples t test, highly 
significant differences were found for FSTT at points Na[t(32) = 
3.01, p = 0.005], Sn [ t (32) = 3.6, p < 0.001], Ls[ t (32) = 6.9, p < 
0.001], S [ t (32) = 4.33, p < 0.001], Li [ t (32) = 3.63, p < 0.001],  
while significant difference was found at Gn[ t (32) = 2.57, p = 
0.015].
Normal weight category: The mean soft tissue thickness in 
males in normal BMI category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, 
Gn were 5.61 ± .90, 6.02 ± 1.50, 1.82 ± 0.67, 15.58 ± 2.50, 13.77 
± 2.35, 6.11 ± 2.27, 15.08 ± 1.73, 11.50 ± 1.77, 12.05 ± 2.15, 6.44 
± 1.64mm respectively. The mean soft tissue thickness in females 
in normal BMI category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn 
were 5.71 ± 1.26, 5.67 ± 1.23, 1.47 ± 0.58, 13.29 ± 2.38, 12.10 ± 
2.15, 4.51 ± 2, 12.98 ± 2, 11.24 ± 1.41, 11.49 v 2.23, 5.59 ± 1.65 
mm respectively. 
When the differences between normal weight Group 1 & 2 sub-
jects were analysed statistically by Independent samples t test, 
highly significant differences were found for FSTT at points Rh 
[t (116) = 3.05, p = 0.003], Sn [t (116) = 5.088, p < 0.001], Ls[ t 

(116) = 4.04, p < 0.001], S [ t (116) = 4.07, p < 0.001], Li [t (116) 
= 5.98, p < 0.001],  and Gn[t (116) = 2.78, p = 0.006].
Overweight: The mean soft tissue thickness in males in over-
weight BMI category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn 
were 6.65 ± 1.66, 6.89 ± 2, 1.49 ± 0.50, 16.45 ± 2.62, 15.11 ± 
1.53, 6.31 ± 1.92, 14.92 ± 2, 12.41 ± 1.73, 13.89 ± 1.78, 7.86 ± 
2.26mm respectively.  The mean soft tissue thickness in females 
in overweight BMI category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, 
Gn were 5.96 ± 0.70, 5.31 ± 1.24, 1.36 ±0 .67, 12.33 ± 3.74, 12.12 
± 2.80, 4.49 ± 1.58, 13.14 ± 2.22, 12.26 ± 1.94, 12.75 ± 2.99, 5.75 
± 1.86mm respectively. 
When the differences between overweight Group 1 & 2 subjects 
were analysed statistically by Independent samples t test, highly 
significant differences were found for FSTT at points Sn [t (30) = 
3.64, p < 0.001], Ls [t (30) = 3.93, p < 0.001], while significant 
differences were found at points Na [t (30) = 2.38, p = 0.02], S 
[t (30) = 2.69, p = 0.012], Li [t (30) = 2.33, p = 0.027]and Gn 
[t (30) = 2.66, p = 0.012].
Obese: The mean soft tissue thickness in males in obese BMI 
category at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn were 6.53 ± 
0.54, 6.44 ±0 .83, 1.92 ± 0.75, 13.38 ± 3.83, 14.10 ± 2.10, 6.59 
± 1.16, 14.72 ± 1.40, 13.22 ± 2.53, 13.64 ± 1.58, 7.97 ± 2.14mm  
respectively.
When the differences between obese Group 1 & 2 subjects were 
analysed statistically by Independent samples t test, highly sig-
nificant difference was found for FSTT at only point Sn [t (14) = 
3.45, p = 0.004].

When the soft tissue thickness at different landmarks was com-

BMI Gender 
(n)

G Na Rh Sn Ls S Li Lm Po Gn

Underweight Male 
(n=17)

5.7 ± 
0.8

6.55 ± 
1.11

1.84 ± 
0.63

15.95 
±2.27

14.78 
± 1.30

6.44 
±1.77

15.07 
±1.44

11.19 
±1.52

11.08  
± 2.49

6.10 ± 
1.32

Female 
(n=17)

5.76 ± 
1.22

5.05 ± 
1.74

1.50 ± 
0.42

13.12 
±2.32

11.05 
± 1.81

3.99 
±1.51

12.99 
±1.87

11.06 
±1.62

10.64 ± 
1.79

5.01 ± 
1.65

Normal 
Weight

Male 
(n=52)

5.61 ± 
0.90

6.02 ± 
1.50

1.82 ± 
0.67

15.58 
±2.50

13.77 
± 2.35

6.11 
±2.27

15.08 
±1.73

11.50 
±1.77

12.05 ± 
2.15

6.44 ± 
1.64

Female 
(n=66)

5.71 ± 
1.26

5.67 ± 
1.23

1.47 ± 
0.58

13.29 
±2.38

12.10 
± 2.15

4.51 
±2

12.98 
±2

11.24 
±1.41

11.49 ± 
2.23

5.59 ± 
1.65

Overweight Male 
(n=21)

6.65 ± 
1.66

6.89 
± 2

1.49 ± 
0.50

16.45 
±2.62

15.11 
± 1.53

6.31 
±1.92

14.92 
±2

12.41 
±1.73

13.89 ± 
1.78

7.86 ± 
2.26

Female 
(n= 11)

5.96 ± 
0.70

5.31 ± 
1.24

1.36 ± 
0.67

12.33 
±3.74

12.12 
± 2.80

4.49 
±1.58

13.14 
±2.22

12.26 
±1.94

12.75 ± 
2.99

5.75 ± 
1.86

Obese Male 
(n=10)

6.53 ± 
0.54

6.44 ± 
0.83

1.92 ± 
0.75

13.38 
±3.83

14.10 
± 2.10

6.95 
±1.16

14.72 
±1.40

13.22 
±2.53

13.64 ± 
1.58

7.97 ± 
2.14

Female 
(n=6)

6.48 ± 
1.38

6.20 ± 
1.60

1.43 ± 
0.79

13.02  
± 2.37

12.25 
± 1.76

4.25 
±1.56

13.68 
± 2.05

13.32 
± 1.71

11.87 ± 
2.32

6.50 ± 
1.16

Table 2: Facial soft tissue thickness in males & females according to BMI category

pared in different BMI categories in males by one way ANO-
VA analysis,  significant differences were observed between the 
various BMI groups for points G (p= 0.046), Sn (p=0.028), Lm 
(p=0.011), Po(<0.001) and Gn (p =0.002).

When the soft tissue thickness at different landmarks was com-

pared in BMI categories in females by one way ANOVA analysis,  
highly significant difference was observed between the various 
BMI categories only for point Lm (p = 0.004). On further post 
Hoc analysis, highly significant differences were found in point 
Lm between normal & Obesity (p=0.012), obesity & under-
weight (p=0.015).
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Comparison of Facial soft tissue thickness in males & females 
according to skeletal class category:

Skeletal Class I
The mean soft tissue thickness in males in skeletal class I catego-
ry at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn were 6.06 ± 1.34, 6.51 ± 
1.52, 1.72 ± .63, 15.86 ± 2.11, 14.47 ± 2.20, 6.50 ± 1.95, 14.78 ± 
1.52, 11.84 ± 1.95, 12.25 ± 2.29, 7.09 ± 2.04 mm respectively.  The 
mean soft tissue thickness in females in skeletal class I category at 
G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn were 5.91 ± 1.30, 5.69 ± 1.54, 1.51 
± 0.56, 13.85 ± 1.92, 12.50 ± 1.97, 5 ± 1.86, 12.92 ± 1.71, 11.25 ± 1.09, 
11.75 ± 2.20, 5.61 ± 1.62 mm respectively. 
When the differences between Group 1 & 2 subjects of skeletal Class 
I category were analysed statistically by Independent samples t test, 
highly significant differences were found for FSTT at points Na[ t 
(96) = 2.66, p = 0.009], Sn [ t (96) = 4.87, p < 0.001], Ls [ t (96) = 4.61, 
p < 0.001], S [ t (96) = 3.88, p < 0.001], Li [ t (96) = 5.69, p < 0.001] 
and Gn [ t (96) = 3.89, p < 0.001].

Skeletal Class II
The mean soft tissue thickness in males in skeletal class II category at 
G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn were 5.69 ±0.89, 5.92 ± 1.52, 1.69 
±0.63, 15.35 ± 3.56, 13.97 ± 2.07, 6.13 ± 2.10, 15.33 ± 1.99, 12.01 ± 
1.77, 12.95 ± 2.25, 6.51 ± 1.82 mm respectively.  The mean soft tissue 
thickness in females in skeletal class II category at G, Na, Rh, Sn, Ls, 

S, Li, Lm, Po, Gn were 5.74 ± 1.16, 5.43 ± 1.24, 1.39 ±0.57, 12.30 ± 
2.70, 11.32 ± 2.22, 3.87 ± 1.73, 12.99 ± 2.11, 11.50 ± 1.95, 11.14 ± 
2.32, 5.39 ± 1.56 mm respectively. 
When the differences between Group 1 & 2 subjects of skeletal Class 
II category were analysed statistically by Independent samples t test, 
highly significant differences were found for FSTT at points, Sn [ t 
(89) = 4.64, p < 0.001], Ls [ t (89) = 5.78, p < 0.001], S [ t (89) = 5.64, 
p < 0.001], Li [ t (89) = 5.35, p < 0.001], Po [ t (89) = 3.73, p < 0.001]  
and Gn [ t (89) = 3.16, p = 0.002].

Skeletal Class III
The mean soft tissue thickness in males in skeletal class III cate-
gory at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn were 6.37 ±0.21, 7.29 
± 1.18, 2.56 ±0.41, 15.10 ± 1.36, 14.29 ±0.55, 5.09 ± 1.70, 14.94 
±0.74, 10.49 ± 1.77, 10.91 ± 1.86, 6.69 ± 1.12 mm respectively.  
The mean soft tissue thickness in females in skeletal class III cat-
egory at G, Na, Rh, Sn, Ls, S, Li, Lm, Po, Gn were 5.23 ±0.76, 5.85 
±0.71, 1.90 ±0.54, 16.10 ± 1.41, 13.55 ± 0.17, 4.98 ±0.90, 15.05 ± 
2.33, 12.95 ±0.94, 13.60 ± 2, 7.25 ±0.5 mm respectively. 
When the differences between Group 1 & 2 subjects of skeletal 
Class III category were analysed statistically by Independent 
samples t test, highly significant differences were found for FSTT 
at points, G [ t (9) = 3.88, p = 0.004], while significant differences 
were found at Rh [ t (9) = 2.31, p = 0.046], Ls [ t (9) = 2.56, p = 
0.031] and Lm [ t (9) = 2.54, p = 0.032].

Skeletal 
Class

Gender 
(n)

G Na Rh Sn Ls S Li Lm Po Gn

Skeletal 
Class I

Male (n) 6.06 ± 
1.34 

6.51 ± 
1.52 

1.72 ± 
0.63

15.86 
± 
2.11

14.47 ± 
2.20

6.50 ± 
1.95

14.78 
± 1.52

11.84 
± 1.95

12.25 
±2.29

7.09 
± 
2.04

Female 
(n)

5.91 ± 
1.30

5.69 ± 
1.54

1.51 ± 
0.56

13.85 
± 
1.92

12.50 ± 
1.97

5 ± 
1.86

12.92 
± 1.71

11.25 
±1.09

11.75 ± 
2.20

5.61 
± 
1.62

Skeletal 
Class II

Male (n) 5.69 ± 
0.89

5.92 ± 
1.52

1.69 ± 
0.63

15.35 
± 
3.56

13.97 ± 
2.07

6.13 ± 
2.10

15.33 
± 1.99

12.01 
± 1.77

12.95 ± 
2.25

6.51 
± 
1.82

Female 
(n)

5.74 ± 
1.16

5.43 ± 
1.24

1.39 ± 
0.57

12.30 
± 
2.70

11.32 ± 
2.22

3.87 ± 
1.73

12.99 
± 2.11

11.50 
± 1.95 

11.14 ± 
2.32

5.39 
± 
1.56

Skeletal 
Class III

Male (n) 6.37 ± 
0.21

7.29 ± 
1.18

2.56 ± 
0.41

15.10 
± 
1.36

14.29 ± 
0.55

5.09 ± 
1.70

14.94 
± .74

10.49 
± 1.77

10.91 ± 
1.86

6.69 
± 
1.12

Female 
(n)

5.23 ± 
0.76

5.85 ± 
0.71

1.90 ± 
0.54 

16.10 
± 
1.41

13.55 ± 
0.17

4.98 ± 
0.90

15.05 
± 2.33

12.95 
± 0.94

13.60 
± 2

7.25 
± 0.5

Table 3 :Facial soft tissue thickness in males & females according to skeletal class category

Correlation between BMI and FSTT parameters:
When the BMI was correlated with soft tissue thicknesses at var-
ious anatomical landmarks in males by Spearman’s correlations, 
highly significant moderate positive correlations were found at 
points G (r= 0.393, p<0.001), Lm (r= 0.319, p=0.001), Po(r= 
0.456, p<0.001) and Gn (r= 0.421, p <0.001), reducing the cor-
relation by chance. 

Discussion
When the soft tissue thicknesses at various points were com-
pared between the groups in the present study, significantly 
higher values were found in males for Na, Rh, Sn, Ls, S, Li, Po 
and Gn. Hence, the mean FSTT of males was more than that of 
females in the present study which is similar to the study done 
by Sahni et al10on North West Indians, South Indian population 
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by Kotrashetti VS et al.17  However, the present results differ from 
those reported by El-Mehallawi et al4 in Egyptian population 
who reported that females showed greater thickness than male. 
The differences could be explained by ethnic & racial differences.
In the present study, when the mean soft tissue thickness was 
evaluated and compared between 17 underweight males & fe-
males, significantly higher values were found in males at points 
Na, Sn, Ls, S, Gn. This was in contrast to study conducted by de 
Greef S et al,10 who found higher values in females in majority 
of landmarks, which could be probably be explained by cut off 
value for BMI taken ( < 18.5 in the present study vs <21 in their 
study) and racial differences.
According to de Greef S et al 10 in Caucasian population, the 
mean soft tissue thickness in males in  BMI 20-25 category at Su-
praglabella, Glabella, Nasion, End of nasal, Mid-philtrum, Upper 
lip margin, Lower lip marign, Chin-lip fold, Mental eminence, 
Beneath chin were 4.1 ± 0.55, 5.0 ± 0.69, 5.9 ± 1.10, 2.8 ± 0.69, 
11.2 ± 1.78, 11.0 ± 2.15, 12.5 ± 2.05, 10.1 ± 1.31, 9.5 ± 1.66, 6.1 
± 1.20 mm respectively, while corresponding values in females 
were 4.1 ± 0.6, 5.1 ±0.8, 6.3 ±1.2, 2.6 ± 0.8, 9.8 ±1.6, 10.0 ±1.7, 
11.0 ± 2.0, 9.6±1.0, 9.6 ± 1.7 and 5.6 ± 1.3 mm respectively, which 
were comparable to the present study results.
In a study done by Ruiz NAP et al,8 in Colombian adults, the 
mean soft tissue thickness in males in normal BMI category at 
Nasion, Rhinion, Mid philtrum, Supradentale, Infradentale, Su-
pramentale, Eminence mental were 7.1 ± 1.2, 2.6 ± 0.4, 14.3 ± 
2.0, 11.7 ± 1.0, 11.6 ± 1.0, 12.5 ± 1.3, 11.7 ± 1.4 mm respectively 
while the corresponding values in females in normal BMI cate-
gory were 6.4 ± 0.4, 1.8 ± 0.2, 12.9 ± 1.7, 9.7 ± 1.5, 10.9 ± 1.4, 14.5 
± 1.5, 10.7 ± 1.5,  mm respectively. The thicknesses measured 
at Na, Rh were higher in this population when compared with 
the present study which could be explained by the differences in 
methodology, wherein measurements in their study were based 
on CBCT as opposed to Lateral cephalogram in our study. 
In the present study, when the mean soft tissue thickness was 
evaluated and compared between 57 males & 66 females with 
normal BMI, significantly higher values were found in males at 
points Rh, Sn, Ls, S, Li, Gn. The values found in our study were 
comparable with those reported by de Greef S et al 10 in a study of 
the Caucasian population. 
In the present study, when the facial soft tissue thicknesses at 
various landmarks were compared between 10 obese males and 
6 obese females, significantly higher values were found in males 
only at point Sn. Rest of the parameters did not show statisti-
cally significant differences between the groups, despite having 
higher mean values in males except for Lm which had a mar-
ginally higher value in females. Hence, it had been found that 
an increase in the BMI leads to a decrease in the number of the 
significant sex differences at these landmarks.

In the present study, significant differences were observed at 
many points including G, Sn, Lm, Po and Gn in males among 
different classes of BMI, while there was difference noted only 
at point Lm in females. It was found that in general, under-
weight and normal groups had significantly lower mean values 
than overweight & obese groups in both genders. Our findings 
were similar to study conducted by Johari M et al19 who found 
that there was a significant difference in three groups in males in 
some of the landmarks including mental eminence and vertex. 
On the other hand, comparison of the landmarks in women by 

weight groups (low weight, normal weight, overweight) showed 
that there was a significant difference in three groups in amount 
of soft tissue thickness in glabella, nasion, end of nasal, mental 
eminence, and beneath chin.
In the present study, when the FSTT parameters were catego-
rised into skeletal classes and compared between 54 males &44 
females of skeletal Class I, highly significant differences were 
found for FSTT at points Na, Sn, Ls, S, Li & Gn, with higher 
values being found in males. This was comparable to results re-
ported by Kurkcuoglu A et al.4 
In the present study, when the FSTT parameters were compared 
between 39 males & 52 females presenting with skeletal Class II, 
based on ANB angle, it was found that highly significant differ-
ences existed at points Sn, Ls, S, Li, Po and Gn, with higher values 
being noted in male subjects. This was similar to the findings 
reported by Kurkcuoglu A et al.4

In the present study, when FSTT parameters were compared 
between 7 males & 4 females presenting with skeletal Class III 
malocclusion, it was found that the thicknesses at points Sn, Li, 
Lm, Po, Gn were more in females than in males. However, statis-
tically significant differences were found only at points G, Rh, Ls 
and Lm, wherein except at Lm, mean values of thicknesses were 
higher in males. This was similar to the findings of Kurkcuoglu 
A et al.4

In the present study, when FSTT were analyzed between differ-
ent skeletal classes of males, it was found that significant differ-
ences were found between skeletal Class I,II, III for point Rh, 
with greatest thickness found in class III, followed by I and II. 
The other parameters did not show significant differences be-
tween skeletal classes. At the points Ls-Pr and St-Ul, the tissue 
depth values were significantly lower for individuals in Class II 
when compared with individuals in Classes I and III. However, 
at the point Sn-A, the soft tissue thickness was greater in the in-
dividuals from Classes II and III when compared with the indi-
viduals in Class I. Statistically significant differences between the 
three classes were also observed for tissue depth values at Li-Id 
and Mes-Me points. The differences could be due to variation in 
methodology and racial differences.
In the present study, when FSTT were analyzed between differ-
ent skeletal classes of females, it was found that significant dif-
ferences were found between skeletal Class I,II, III for point Sn, 
with greatest thickness found in class III, followed by I and II. 
The tissue depth values at these points were significantly greater 
in individuals with Class III type of occlusion when compared 
with the individuals with Class I and II occlusion types. The tis-
sue depth at the Li-Id point for individuals in the Class II group 
was also significantly greater (p < 0.01) than for individuals in 
the other two groups. The differences between the results of the 
studies could be due to variation in methodology and racial dif-
ferences.
In the present study, when correlation between FSTT & BMI was 
evaluated in male subjects, highly significant positive correla-
tions were obtained for points G, Lm, Po, Gn, while in females, 
significant correlations were observed at points G, Na, Lm and 
Po. Hence in the present study, the null hypothesis stating that 
there is no correlation between FSTT &BMI was discarded, and 
alternate hypothesis was accepted. According to Sutton PRN,21 
the most affected facial regions with respect to the nutritional 
status of the individuals are those with high content of hypoder-
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mic fat or well-developed muscles. Thus, a decrease in nutrition 
leads to smaller STTs, except for the tissues around the eyes, 
which could be due to the lack of subcutaneous fat in this area.17 
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Introduction
The dentofacial abnormalities in orthodontics exist in Sagittal, 
Transverse and Vertical planes. Cephalometric techniques are 
routinely used for assessment of skeletal and dental discrepancies. 
Various cepahalometric parameters have appeared in literature as a 
diagnostic tool for treatment planning, as communication tool, for 
studying dentofacial growth and development and for evaluating 
treatment results. The basic purpose of cephalometric analysis is to 
characterize the features of individual and to establish a classifica-
tion system.1
For orthodontic diagnosis and treatment planning of skeletal dis-
crepancies, evaluation of anteroposterior jaw relationship has prime 
importance.2
Generally used parameters for anteroposterior dysplasia assessment 
are ANB angle and Wits appraisal. Various studies have been done 
which concluded that there are number of distorting factors. Vari-
ous studies have raised question for stability of nasion.The validity of 
ANB angle is questionable due various factors such as jaw rotation, 
variable position of nasion, cranial base length, vertical distance of 
points A and B from the cranial base and rotation of patient’s head 
side wards or upwards.3-5  Wits appraisal, overcomes some of these 
limitations, but it is influenced by eruption of teeth, Curve of Spee, 
open bite and its identification is not so easy or reproducible. Due 
to shortcomings of theses parameters, new parameters were intro-
duced such as beta angle, Yen angle, W angle and MKG angle.
Chong yolbaik   Maira6 introduced beta angle. It does not depend 
on cranial reference planes and dentition. Beta angle is traced by 
using three landmarks - point A, point B, and point C that is the 
apparent axis of the condyle. It is the  angle formed between A-B line 
and point A perpendicular to C-B line.  Beta angle still have some 
limitations. So Yen angle and W angle were introduced. Yen angle 
value is also affected by jaw rotation due to growth or treatment. 
W angle is independent of jaw rotation, but its value depends on 
point S (midpoint of Sella). It was observed in various studies that 

Sella point is also unstable landmark. So the more stable point is 
needed for determining anteroposterior dysplasia accurately. Thus, 
the MKG angle was introduced. The aim of present study was to 
calculate mean value for ANB angle, Wits appraisal, Beta angle, Yen 
angle, W angle and MKG angle in Mandi Gobindgarh population 
and find co relation among these parameters.

Materials and Methods
80 pre-treatment cephalograms were taken from Department of Or-
thodontics and Dentofacial Orthopedics, based on following criteria:
•  Patients who have not undergone orthodontic treatment
•  Age Group- 17 years to 28 years
•  No Mixed Dentition
•  Patient not having any dentofacial anomaly
•  Cephalograms with high magnification without any artifacts
Sample size was calculated using statistical analysis based on pilot 
study.

ANB Angle (Fig. 1 A)
To construct ANB angle, points A, B, and N (Nasion) were located. 
Then angle is measured between the N–A line and the N–B line at 
point N. Value of ANB angle for different classes is as follows:
•  Class I – 1° to 4° Angle 
•  Class II – Angle > 4° 
•  Class III – Angle < 1

Wits appraisal (Fig.1 A) 
Wits appraisal is a linear distance between point A and point B pro-
jected perpendicularly on the functional occlusal plane. Value of 
Wits appraisal for different malocclusions is as follows:
•  Class I - Female: 0mm Male: -1mm 
•  Class II - BO was positioned well behind point AO (positive reading) 
•  Class III - BO is ahead of point AO (negative reading).
Beta angle (Fig. 1 B)

Abstract
Aims: The aim of this study was to calculate mean value of ANB angle, Wits appraisal, beta angle, Yen angle, W angle and 
MKG angle for Mandi Gobindgarh population and also to find difference among these parameters.
Materials and methods: Total 80 cephalometric radiographs were taken from the department of Orthodontics & Dentofacial 
Orthopaedics. All radiographs were traced and values for each parameter were calculated. Statistical analysis was applied 
on data.
Results: Values of ANB angle, Wits appraisal, Beta angle, W angle, YEN angle, and MKG angle calculated for studied popula-
tion were 4.4±2.02, 3.8±2.3, 28.5±4.8, 53.3±3.91, 120.5±5.09, and 56.6±6.69 respectively.
Conclusion: This study reported that the values of ANB angle and wits were towards class II malocclusion, but other param-
eters’ value fall in class I value.
Keywords: Beta angle, dysplasia, YEN angle, Wits appraisal.
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Three points, point A, point B and point C (center of condyle) were 
located. Three lines were drawn  that were C-B line, line connecting 
point A and point B, and perpendicular from point A to C-B line . 
Beta angle was measured between perpendicular line and A-B line. 
Standard values for Beta angle are:
•  Class I – 270 to 350 angle.
•  Class II- beta angle < 270
•  Class III – Beta angle > 340

W Angle (Fig.2 A) 
This angle was measured by locating three points: Point S, Point M, 
Point G. Angle between the perpendicular line from Point M to S-G 
line and the M-G line is measured. 
•  Class I – 51° to 56° Angle 
•  Class II – Angle < 51°
•  Class III – Angle > 56°

Yen Angle (Fig.2B)
Points used for measuring Yen angle are: 1. Point S 2. Point M 3. 
Point G. The angle between lines SM and MG was measured.  Value 
of Yen angle for different classes is as follows: 

•  Class I – 117° to 123° Angle 
•  Class II – Angle <117°
•  Class III – Angle >123°

MKG angle (fig.3)
For measuring this angle, three points are taken which are: point KR 
(lowest point on outline of KR), point M (midpoint of premaxilla), 
point G (center of largest circle which is tangent to internal, inferior, 
anterior and posterior surfaces of mandibular symphysis). Angle is 
measured between lines drawn from point M to point KR and sec-
ond line is from point KR to point G.
•  Class I – 51° to 59° Angle 
•  Class II – Angle >59°
•  Class III – Angle <51°

Anatomic landmarks were traced on a tracing paper and values of 
all parameters were recorded (Fig. 4).
These measurements obtained were used to check for significant 
variance using one way ANOVA analysis and Newman-Keuls Test 
for Co-Relation of ANB angle, WITS Appraisal and Beta Angle with 
W angle, YEN Angle and MKG Angle.

Figure 1: (A) Landmarks for ANB angle and Wits appraisal. (B) Landmarks for Beta angle

Figure 2: (A) Landmarks for W angle. (B) Landmarks for YEN angle.
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Figure 3: Landmarks for MKG angle.

Figure 4: All the angles traced on tracing paper for measurements.

Results
Following tracing and evaluating all the angles and measurements, results were obtained.
Obtained values are used for one way ANOVA and NEWMAN KEULS test

Parameter Mean Value
ANB angle 4.4±2.02
Wits Appraisal 3.8±2.3
Beta Angle 28.5±4.8
W angle 53.3±3.91
YEN angle 120.5±5.09
MKG angle 56.6±6.69

Table No. 1: The mean value of studied parameters in given population.
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Graph  No.1: On running oneway ANOVA using ANB angle and Yen angle there was a statistical difference of the means (F (20,59)= 
4.50, p value <0.001) followed by insignificant post hoc test Newman- Keuls test

Graph No.2: On running oneway ANOVA using ANB angle and W angle there was a statistical difference of 
the means (F (15,64)=6.04, p value <0.001) followed by insignificant post hoc test Newman- Keuls test 
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Graph No.3: On running oneway ANOVA using ANB angle and MKG angle there was a statistical differ-
ence ( F(22,57)= 2.72 , p value= 0.0013) followed by a post hoc Newman- keuls test which gave an insignifi-

cant result

Graph No.4: On running oneway ANOVA between Wits and Yen angle there was a insignificant difference 
of means (F (20,59)= 1.65, p value=0.07)

Graph No.5: On running oneway ANOVA between Wits and W angle there was a insignificant difference of 
means (F (15,64)= 1.13, p value=0.35)
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Graph No. 6: On running oneway ANOVA between Wits and MKG angle there was a significant difference 
of means (F (22,57)= 2.26, p value=0.007) and after getting an insignificant post hoc Newman-Keul test.

Graph No. 7: On running oneway ANOVA between Beta angle and Yen angle there was a significant differ-
ence of means (F (20,59)= 16.62, p value= <0.001) and an insignificant post hoc Newman Keul test

Graph No.8: On running oneway ANOVA between Beta angle and W angle there was a significant differ-
ence of means (F (15,64)= 2.68, p value=0.032) and an insignificant post hoc Newman Keul test
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Graph No.9: On running oneway ANOVA between Beta angle and MKG angle there was an insignificant 
difference of means (F (22,57)= 1.50, p value= 1.117)

Discussion
ANB angle is still widely used to assess sagittal dis-
crepancy. Jacobsson noted that this angle is affected by 
age of patient, vertical growth pattern of patient and 
anterior cranial base length. Wits appraisal was con-
sidered to overcome some shortcomings of ANB an-
gle. Occlusal plane is used for calculating its value, so 
change in cant of occlusal plane will result in different 
Wits value. The identification of points is also difficult, 
especially in mixed dentition stage after shedding of 
primary molars. Present study reported that studied 
population showed the values of ANB angle and Wits 
were towards class II malocclusion, but other parame-
ters’ value fall in class I value.
After that beta angle was introduced to eliminate 
above mentioned limitations of ANB angle and Wits 
appraisal. Beta angle also depends on point A and 
point B. According to Holdaway, these points show 
changes in their location due to growth and treat-
ment. Center of condyle is also used to measure this 
angle, which is difficult to locate. On running oneway 
ANOVA between Beta angle and W angle there was a 
significant difference of means ( p value=0.032) and  
insignificant post hoc Newman Keul test. Similar re-
sults were found for beta angle and YEN angle. No 
significant difference was reported between beta an-
gle and MKG angle (Graph no.7,8,9). Kapadia RM et 
al7 reported significant correlation between Yen angle, 
W angle, ANB angle, Wits appraisal and Beta angle. 
Similar results were observed by Mittal et al8, Doshi et 
al9 and Trivedi et al.10 Another study reported signifi-
cant positive correlation of Beta angle with Yen angle 

and W angle and negative correlation with ANB an-
gle.11 Katti et al found that Yen angle and Beta angle 
are positively correlated with each other. Yen angle is 
a better class II sagittal dysplasia indicator than Beta 
angle and it was homogenously distributed as com-
pared to Beta angle.12

Neela et al13 in 2009, introduced Yen angle, which can 
be used easily in mixed dentition stage. Mean value of 
Yen angle in present study population is 120 degrees, 
showing prominence of class I skeletal malocclusion 
according to Yen angle.
As rotation of jaw caused by growth and treatment 
can mask true dysplasia when using this angle to as-
sess the sagittal discrepancy. ANB angle has been 
shown to be affected by vertical facial growth as well 
as by jaw rotations. To avoid this problem another 
new parameter was developed, the W angle. This an-
gle measurement is not based on unstable landmarks 
or functional occlusal plane. Points used for this angle 
are point S, point M and point G. The geometry of the 
W angle remains stable even when jaws are rotated or 
growing vertically. It is measured between a perpen-
dicular line from point M to line joining point S and 
point G and M-G line. W angle value between 51 to 56 
degrees represent class I skeletal pattern, for class II, 
its value is less than 51 degrees and value greater than 
56 degrees indicates class III skeletal pattern.  Present 
study observed calculated value of W angle in Mandi 
Gobindgarh population that was 53.3 degrees. It in-
dicates most common skeletal pattern in this popula-
tion is class I according to W angle. 
 ANOVA test showed significant difference (p value 
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<0.001) between ANB angle when compared with Yen 
angle  and W angle, but a post hoc Newman- keuls 
test which gave an insignificant result. ANOVA test 
gave no significant difference between Wits apprais-
al, Yen angle and W angle. (Graph no.1,2, 4 and 5). 
Mittal et al found strong correlation of Yen angle and 
W angle with Wits appraisal but better correlation of 
Yen angle with ANB angle was seen.8 Kapadia RM et 
al7 reported high correlation of Yen angle and W an-
gle with ANB angle whereas these angles showed least 
correlation with Wits appraisal. Sachdeva14 reported 
insignificant difference in values of ANB angle and 
Wits appraisal among skeletal class I, II and III, how-
ever these classes were significantly different in values 
of Beta angle, W angle and Yen angle. Surendra Ma-
harjan, Che Lili15 observed significant differences in 
ANB angle, Yen angle and W angle. They also found 
strong correlation between Yen angle and W angle. 
Soni G16 et al reported correlation among Yen angle, 
ANB angle, W angle and Wits appraisal and they also 
suggested that all these angles can be used for assess-
ment of anteroposterior jaw discrepancy. These re-
sults were similar to study done by Alam et al17. Yen 
angle and W angle showed high correlation with ANB 
angle ((r- -808,-622) and least correlation with Wits 
appraisal ((r- -652, -497).This happened because com-
mon reference point ‘S’ is used for measuring ANB 
angle, Yen angle and W angle.
Due to limitations of above parameters, a new angle 
was introduced that is MKG angle. Points G and M 
are not influenced by bone remodeling caused due to 
dental movements18. Bein19 stated the KR point is con-
stant point in relation to cranium bones throughout 
the life of an individual. Value of this angle ranging 
from 51 to 59 degrees indicates class I skeletal pattern. 
Value more than 59 degrees indicates class II and val-
ue less than 51 degrees denotes class III skeletal pat-
tern of individual. In present study value observed is 
56 degrees, denoting class I skeletal pattern of studied 
population. ANOVA test showed significant differ-
ence between ANB angle and MKG angle but a post 
hoc Newman- keuls test which gave an insignificant 
result. ANOVA test showed significant difference be-
tween Wits and MKG angle but a post hoc Newman- 
keuls test which gave an insignificant result (Graph 
no.3 and 6).

Conclusion
Values of ANB angle, Wits appraisal, Beta angle, W 
angle, YEN angle, and MKG angle calculated for 

studied population were 4.4±2.02, 3.8±2.3, 28.5±4.8, 
53.3±3.91, 120.5±5.09, and 56.6±6.69 respectively.
ANOVA test showed significant difference when ANB 
angle was compared with Yen angle, W angle and 
MKG angle but post hoc Newman- keuls test gave in-
significant results for these differences.
When Wits appraisal was compared with W angel and 
Yen angle, no difference was observed. But significant 
difference between Wits and MKG angle was seen. 
Post hoc Newman- keuls test  gave insignificant re-
sults.
No significant difference was reported between beta 
angle, W angle, Yen angle and MKG angle.
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Introduction
Myasis has been defined as  pathological condition in which there 
occurs an  infestation of living mammals with dipterous larvae, 
whichfeeds on living or dead tissue in the host for a certain period 
of time and act as parasites.1The Reverend Frederick William Hope 
first came up with the term ‘Myasis’ while the term Oral myiasis 
was first reported by Laurence in 1909.2 Persistent mouth opening 
in addition to poor oral hygiene, suppurative lesions,3,4 f acial trau-
ma and severe halitosis  may predispose the patient to oral myiasis. 
It has been reported amidst epileptic patients having lacerations, 
incompetent lips and thumb sucking habits, advanced periodontal 
disease, at tooth extraction sites, fumigating carcinoma of buccal 
mucosa and patient with tetanus, gingival myiasis has been accused 
to poor oral hygiene, alcoholism, senility, suppurative lesions, severe 
halitosis, and neoplasias and has been noted in patients with special 
needs.5

Classification of Myasis2

Based on part of host that is attacked by parasite:
• Dermal
• Sub-dermal
• Cutaneous
• Creeping
• Furuncular (boil-like lesion)
• Nasopharyngeal nose, sinuses or pharynx
• Ophthalmic or ocular 
• Auricular 
• Gastric, rectal, or intestinal/enteric 
• Urogenital
Myiasis can also be classified  as:
• Obligatory: Larvae develops within living tissue
• Facultative: Maggots feed on necrotic tissue
• Accidental: Larvae ingested along with food

Case Report
A 16-year-old male with neurological deficit was referred from 
Pingalwara Charitable Society Amritsar to the Department of 
Periodontics at Sri Guru Ram Das Institute of Dental Sciences and 
Research, Sri Amritsar. Patient presented with a chief complaint 
of pain and swelling in front region of upper jaw. He was a mouth 
breather accompanied by drooling saliva, bleeding gums and fetid 
odor. Extra-oral examination revealed incompetent upper lip with 
diffuse swelling in maxillary anterior palatal region (Figure 1). In-
traoral examination revealed 2 cm wide, circular, ulcerated lesion 
with maggots in the right maxillary lateral incisor region (Figure 2). 
Surrounding area was erythematous and swollen. There was no sign 
of numbness or paresthesia in relation to the swelling. Patient had 
Angle’s class II occlusion and generalized spacing between the teeth, 
making contact between the upper and lower lip impossible, in ad-
dition he had poor oral hygiene and advanced periodontal disease. 
Based on history taking from the attendant it was speculated that 
patient was mentally retarded and was born prematurely, further 
MRI and CT scans disclosed focal cerebral abnormalities (Figure 
3).Provisional diagnosis of oral myiasis was made based on history 
taking and clinical examination. 

At first, larvae were eliminated by means of forceps. Then under 
aseptic conditions, the infected site was explored thoroughly and 
flushed with normal saline followed by irrigation with 3% hydrogen 
peroxide (10 volumes) diluted in water (1:3), wound was cleaned 
and disinfected. Further, cotton bud impregnated with turpentine 
oil was placed at the orifice for approximately 10 minutes. Later on, 
11 maggots were manually removed with the help of tissue hold-
ing forceps and taken for entomological examination. For the next 
two days same procedure was repeated. Finally,oral therapy was ad-
ministered with Ivermectin 6mg once daily for 3 days, along with 
metronidazole 400mg three times a day for 5 days, chlorhexidine 
0.12% mouthwash rinse 3–4 times/day. Complete healing of lesion 
was noted after 2 weeks (Figure 4).

Abstract
Oral myiasisis a rare suppurative oral lesions associated with poor oral hygiene. We present a case of oral myiasis in the max-
illary anterior region  of a 16‑year‑old male with moderate 
periodontitis and neurologic deficit. The diagnosis was made on the presence of larvae in the lesion. Treatment done was a 
manual removal of the larvae, one by one, with the help of the clinical forceps, surgical debridement of the oral wound, and 
subsequent management of the periodontal disease.
Keywords: Fly larvae, oral myiasis, parasite infection, Ivermectin
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Figure 1: Extra-oral examination revealed incompetent upper lip with diffuse swelling in maxillary anterior palatal region

Figure 2: Intraoral examination revealed 2 cm wide, circular, ulcerated lesion with maggots in the right maxillary lateral incisor 
region
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Figure 3: MRI and CT scans disclosed focal cerebral abnormalities

Figure 4:  Complete healing of lesion was noted after 2 weeks

Discussion
Myiasis, an ecto-parasitic infestation of viable or necrotic tissues of 
living vertebrates (animals and humans) is causedby larvae of nu-
merous species of the order Diptera, predominantly found in trop-
ical and subtropical regions. Many species of dipterans have been 
reported to be interconnected with human myiasis.6 Patient in the 
present case was a mouth breather hadincompetent lips which fa-
vored laying of eggs on to the anterior region of gingiva, where in-
festation had developed. Poor oral hygiene and periodontal disease 
were conducive for larvae to develop. Moreover neurological deficit 
would have facilitated the infestation. 

Larvae may destroy vital tissues, inducing serious or even life-threat-
ening hemorrhagic condition.2 Flies get attracted to the smell of ne-
crotic tissue and the presence of secretions, such as blood.6 In the 
present case, gingiva of the maxillary anterior region was affected 
which was also reported by Moshref et al(2008), Mohammad zadeh 
et al (2008) Reddy et al (2012), Bhagawati et al (2013) and Govinda-
raju et al (2014) in their respective studies.7Anterior part of the oral 
cavity including both jaws and the palate frequently gets affected by 
oral myasis insinuating direct inoculation of tissues 8 as described 
in bulk of the cases but inclusion of posterior 9 areas of both jaws 
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is sporadic.10Larvae during its developmental transition requires an 
intermediate host, suitable substrate and temperature conditions for 
its survival.4
Larvae stage persists for 6–8 days amidst which they are parasitic 
to human beings. Larvae have backward directed segmental hooks 
with which they anchor themselves to the encompassing tissue. Be-
ing photophobic they tend to hide deep into the tissues for an ideal 
niche to develop into pupa. The presence of such hooks makes it 
difficult to manually remove larvae from the host. These larvae re-
lease toxins which obliterate the host tissue; additionally proteolyt-
ic enzymes secreted by the encompassing bacteria decompose the 
tissues and the larvae prey on this rotten tissue. The infected tissue 
continually secretesa repugnant smelling discharge. Necrotic ulcer 
and intense halitosis seen in the present case evocates obliteration 
caused by toxins released by the larvae.2 Based on studies reported 
by Ribeiro et al (2012), de Arruda et al (2017), Ashour et al(2019), 
Batista et al (2019) treatment of myiasis, regardless of the affected 
site is based on the mechanical removal of larvae, surgical debride-
ment of devitalized tissues and drug administration. Ivermectin, 
a drug of the macrolide family obtained from actinomycetes is a 
broad-spectrum antiparasitic drug for veterinary use, but has shown 
potency for some parasites that affect humans. Based on studies 
conducted by Girardi & Scrofernecker (2017), Filho et al (2018), 
Vasantha kumar et al (2020) single dose of 150–200 μg/kg based on 
body weight is sufficient for the treatment of human myasis after 
thorough debridement. Vasantha kumar et al (2020) noted that iver-
mectin block impulses in the nerve endings of the parasites, causing 
paralysis and death of the larvae. Jittamala et al (2021) considered it 
safe and effective in controlling myiasis in paediatric patients. Prior 
to the emergence of ivermectin, especially for the treatment of fu-
runcular lesions, the topical use of cigarette smoke, saline, sulfuric 
ether, olive oil, gentian violet, petroleum jelly, animal fat, nail polish, 
turpentine oil, phenol, chloroform, hydrogen peroxide, chlorhexi-
dine and other veterinary topical worm killers have been reported 
previously in the literature. It was well supported by  Girardi et al 

(2017), Filho et al (2018),Calvopina et al (2020) with the objective of 
promoting tissue hypoxia and inducing the outflow of larvae from 
inside the tissues.6

Conclusion
As the old saying goes “prevention is better than cure.” Intraoral 
myiasis can be curbed by controlling predisposing local, systemic 
and environmental factors. In the case of patients with some degree 
of immobility and dentofacial alterations, such as mouth breathing, 
open bite and lip incompetence, caregivers should be instructed on 
strict attention to oral inspection and hygiene, protection of natural 
cavities (use of masks by the patient) and control of causative agents 
(dipteran flies). As dentists, it is our duty to raise awareness that a 
special needs patient should be exposed to proper dental interven-
tion on regular basis as early as possible in order to intercept the 
occurrence of the disease.
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Introduction

Dental world is coming up with several new amazing technologies including digital impressions, VELscope, lasers, intraoral cameras, zoom! 
Whitening, etc. Recently, a new technology has brought a boom! in dentistry and it’s “CBCT- Cone Beam Computed Tomography”. We all 
have a very limited knowledge regarding CBCT, but in the field of dentistry it has become an emerging technology. Cone beam computed 
tomography (CBCT) is an absolutely recent imaging technology used to create 3-dimensional interpretation of subjects. The advantage of 
this new technique includes the good image quality, volumetric analysis and short scan times. Many fields including orthodontics, oral sur-
gery, implant dentistry, periodontics and endodontics find unique profit of the 3-dimensional reconstructions provided by CBCT. Imaging, 
especially cone beam computed tomography, has been now approved as one of the most appropriate non-invasive diagnostic procedure. 
With uses not limited to dental pathologies, radiology has been instrumental in playing a critical role for judging the current treatment plan 
for overall health of the patient. 
Nevertheless, innumerable endeavors have been taken into action to reduce the image distortion and use best interpretation skills to con-
clude an expedient conclusion. Up to a certain level, cone beam computed tomography has been commendable to reduce such errors but 
the excessive charges and considerable radiation dose have been responsible to confine its use.1

Basic principle of CBCT
CBCT has been the most innovative approach in the sector of imaging with a complete transformation from two dimensional to three-di-
mensional imaging adding to the image reconstruction as well.2 The technique has been augmented stupendously due to the availability of 
CBCT scanners which have been carefully formulated to adequately project the image of Oral and Maxillofacial region.3 The process of a 
sole scan involves the revolution of the source of the X-ray tube as well as the sensor surrounding the head and neck region resulting into 
numerous segmented imaging pictography of the location involved. The pictography done is a part of the raw data collected by the sensor 
which needs processing. The processing is done in terms of volume elements called Voxels which converts the raw data to the three-dimen-
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sional structure by replicating the anatomy of the involved subject. The unit voxels are synchronous to Rubik’s cube, as little as 0.1 to 0.4mm 
for every cube face resulting into a splendid resolution.4

Figure 1: CBCT, Principle of basis image acquisition where in X-ray source and Image receptor reciprocate around patient 180 – 360 
degrees to acquire 180 – 1024, 2D cephalometric images.

Application of CBCT in dentistry
Radiographic examination is essential in diagnosis and treatment planning in dentistry. Apart from compressing three-dimensional anat-
omy of the area being radiographed into a two-dimensional image, 2D imaging possesses unique inherent limitations (including magnifi-
cation, distortion, and superimposition), together leading to misrepresentation of structures.5 CBCT produces 3D images useful for many 
oral & maxillofacial situations (Figure 2) that can guide in diagnosis and assessment of disease severity, planning and delivery of treatment, 
and follow-up.

Applications in Periodontics 
For many decades, 2D imaging was the mainstay in periodontal diagnosis, however, their limitations led to under/over estimation of the 
bone loss.6 The literature has confirmed that morphometric analysis of periodontal diseases by CBCT to be as precise as direct measurement 
using a periodontal probe.7 In addition, CBCT is far better than 2D radiographs in visualization of buccal and lingual defects due to absence 
of superimposition of the structures. CBCT offers precise measurement of intrabony defects and lets clinicians to evaluate furcation involve-
ment, dehiscence, fenestration defects, and periodontal cysts and to assess postsurgical consequences of regenerative periodontal treatment.

Figure 2: Applications of CBCT in various dental specialties.
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Applications in Endodontics:
Intraoral radiography is the preferred imaging method for the evaluation of endodontically treated teeth. Recently, however, CBCT has 
proven to be a promising diagnostic aid for complex endodontic cases, including the detection and visualization of extra canals, lateral ca-
nals, perforations, obturations, canal shape, and vertical root fracture.8 CBCT has superior diagnostic efficacy in the assessment of complex 
dental pathologies, malformed teeth, caries extension, differentiation of periapical pathologies, external and internal root resorption, and 
root fractures.9 Patel reported a case of dens invaginatus in which a CBCT scan revealed no communication between the invagination and 
the main root canal, thus preventing unnecessary root canal treatment of the concerned tooth.10 

Figure 3: Lateral periodontal cyst, CBCT preoperative scan

Figure 4: CBCT in endodontics
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Applications in Implantology:
CBCT provides cross-sectional images in several planes that help with the accurate assessment of the height, width, and angulation of bone, 
as well as with visualization of the position of the inferior alveolar canal and mental foramen in the mandible and the sinus in the maxilla. 
In edentulous patients, CBCT provides better visualization of buccolingual alveolar ridge patterns, such as irregular, narrow crestal, or 
knife-edge ridge, undulating concavities, and alveolar bone quality and quantity. In many situations, CBCT implantology has minimized 
or eliminated the need for procedures like bone and tissue grafts, as it enables precise measurement of the distance, area, and volume of the 
bone in which the implant is to be placed.11 

Applications in Orthodontics:

Figure 5: CBCT in dental implant

Figure 6: CBCT in orthodontics
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CBCT offers superimposition free images that are self-corrected for magnification, with a practical 1:1 measuring ratio, for morphometric 
analysis of structures and anatomic relationships essential for dealing with various orthodontic demands. Some of the orthodontic uses in-
clude assessment of palatal bone thickness, skeletal growth patterns, dental age estimation, visualization of impacted teeth tooth inclination 
and torque, determining available alveolar bone width for buccolingual movement of teeth, upper airway assessment, and for planning or-
thognathic and facial orthomorphic surgeries.12 The availability of software like Dolphin and In Vivo Dental together with CBCT images for 
cephalometric analysis has turned out to be the best means for assessing facial growth, age, airway function, and disturbances in tooth erup-
tion. CBCT provides pictorial guides for safe placement of Mini-implants, evading accidental and irreparable injury to the vital structures.13

The CBCT assessment of airway has become commonplace in many areas of orthodontic research, with anatomical linear and volumetric 
measurements being used to assess the effect of various orthodontic and surgical treatments. This is despite the fact that a validated and 
optimized CBCT protocol for airway imaging remains elusive.14 The upper pharyngeal airway assessment with CBCT demonstrated mod-
erate- to excellent intra- and inter-examiner reliability for volume and minimum cross-sectional area based on the available and sparse evi-
dence. However, due to the fact that CBCT reliability has only been studied in controlled settings, which artificially limits potential sources 
of variability, caution is advised when interpreting these results.

Applications in Oral & Maxillofacial Surgery:
Considering the limitations of 2D images like structural superimpositions, CBCT permits precise measurement of surface distances. These 
advantages of CBCT have made it the choice for exploring and handling midfacial and orbital fractures including dentoalveolar fractures, 
post fracture evaluation, inter operative visualization of the maxillofacial bones, and intra operative navigation throughout procedures.15 

CBCT is used to examine the exact location as well as extension of pathologies like odontogenic and non-odontogenic tumors and cysts 
of the jaws. Pathologic calcifications (e.g., tonsilloliths, lymph nodes, salivary gland stones) can also be recognized in terms of location and 
distinguished from possibly noteworthy calcifications, such as those occurring in carotid artery.16 
Combined with advancements in 3D scanning technologies, such as intraoral and extraoral scanning, cone beam-computed tomography 
(CBCT), and other CAD/CAM technologies, 3D printing has developed rapidly in the field of maxillofacial surgery.17 Three-dimensional 
printing surgery technologies have many unique advantages, particularly in improving the symmetry and functional effects of cranio-max-
illofacial plastic surgery techniques.18 Jacobs and Lin have thoroughly summarized the applications in the cranio-maxillofacial region, 
including surgical guides, occlusal splints, and implants.19

Applications in TMJ Disorders:

Temporomandibular joint disorders (TMDs) constitute the most common category of orofacial pain conditions of the temporomandibular 
joint (TMJ) and its associated musculature. As of now, CBCT has been found to be most useful in the evaluation of bony changes of the 
TMJ, such as fractures, ankylosis, dislocation, growth abnormalities, and various degenerative joint diseases including osteophytes, erosions, 
flattening, subchondral sclerosis, and pseudocysts. Analysis of the dynamic relationship of the articular surfaces of the TMJ is necessary to de-
termine the strain undergone by the articular disc while chewing; this strain, if high, may compromise the integrity of the disc. CBCT provides 3D 
images of the mandibular condyle and surrounding structures to facilitate the analysis and diagnosis of bone morphological features, joint space, 
and the dynamic function, which serve as the critical keys to treatment outcome in patients with signs and symptoms of TMD.20,21

Figure 7: CBCT showing the thin bone biotype in maxilla jaw bone
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Figure 8: A TMJ series from a CBCT scan showing the regenerated condyle

Future prospective of computed beam cone tomography
Optimization of CBCT images:
Compared with other modalities, CBCT has been documented to 
have high diagnostic efficacy in the accurate detection of complex 
oral and maxillofacial pathologies. This efficacy could be increased 
further by the optimization of CBCT with respect to various param-
eters, such as reduction in focal spot size, alteration of beam geome-
try, an increase in detector efficiency, and optimization of exposure 
and image reconstruction. Moreover, old CBCT scanners mostly 
have large FOV (Field of Visualization) that results in the produc-
tion of more scattered radiation, which contributes to an increased 
radiation dose delivered to the patient. Optimization of old scanners 
could be achieved by using a small-diameter FOV that covers only 
the region of interest.22

Recently, some machines have utilized the concept of dynamic au-
tomatic exposure control, in which exposure is adjusted during ac-
quisition of the image. Image performance could be increased by 
altering the geometric shape of the beam; this has been achieved 
by a technique termed off-axis scanning, which utilizes a half cone 
with a small overlap in the iso-center that increases the FOV to al-
most twice the diameter as that involved in full-cone scanning. This 
contributes to a reduction in the dose administered to the patient. 
Phase contrast tomography:
The literature includes numerous studies investigating the X-ray ab-
sorption of the object under study in phase contrast tomography, 
but the phase nature of the X-rays still requires further exploration. 
Recently, researchers have introduced quantitative phase-contrast 
cone-beam tomography, in which the phase coefficient rather than 
the attenuation coefficient is used to reconstruct the image. This 

technique utilizes unfiltered radiation from a small polychromatic 
source, thus reducing high spatial frequency noise and contributing 
to high soft tissue contrast.23

Conclusion
The basic principle of using CBCT for dental diagnosis and treat-
ment planning is to maximize the clinical benefit to the patient 
while minimizing the risk of ionizing radiation. Although the CBCT 
modality offers multiple usefulness, it should be used with caution, 
with careful consideration of the trade-off between dose and image 
quality. Despite their diverse uses and technical variability, dentists 
still need to develop standardized DVT testing protocols. The de-
velopment of these protocols will help practitioners prescribe this 
modality for a variety of clinical uses.
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Introduction
Periodontitis is a group of inflammatory diseases that affect the 
connective tissue attachment and supporting bone around the teeth 
whose initiation and progression depends on the presence of viru-
lent microorganisms capable of causing disease.
The course of periodontal disease is marked by discontinuous pat-
tern of disease activity and inactivity showing exacerbation and 
remission. The traditional clinical assessment methods include at-
tachment level, probing depth, bleeding on probing, radiographic 
assessment of alveolar bone loss, but they neither provide informa-
tion on the measures of disease activity nor do they identify the in-
dividuals who are susceptible to future disease progression as the 
biologic phenotypes are not reflected properly in the clinical phe-
notype1,2. 
Biological phenotypes may then be taken into consideration which 
will be of help in assessing the burden of microbial and inflammato-
ry load, which further affects the progression of periodontitis. Earli-
er the disease is diagnosed, more likely it is to be cured successfully.
Periodontitis is considered to be a multifactorial disease with no 
clear cut etiology, so its identification and early diagnosis becomes 
more difficult. The current clinical diagnostic parameters were in-
troduced more than 50 years ago. But all the methods provide dis-
ease severity rather than disease activity3.
A biomarker is a substance used to indicate a biologic state and is an 
objective measure to evaluate the present and future disease activity. 
It is defined as – A substance that is measured objectively and eval-
uated as an indicator of normal biologic processes, pathogenic pro-
cesses, or pharmacologic responses to a therapeutic intervention. 
Various biological media like saliva, serum and gingival crevicular 
fluid are used to determine biomarkers in periodontal health and 
disease. A single biomarker will not able to predict periodontal dis-
ease activity and severity. So combinations of biomarkers are used to 
predict the disease activity4.

Thus the aim of this review is to present recent advances in the de-

velopment of proteomic, genomics and microbial biomarkers and 
potential clinical applications. 

Need for a bio marker
Since the 1920s, there have been many changes in the classification 
of periodontal diseases in an attempt to reach the most accurate di-
agnosis in order to facilitate treatment planning. The latest classifi-
cation system aimed to address issues associated with the previous 
classification system and to provide a standard universal platform 
that can be easily used by periodontists.
 A search of the literature reveals the number of studies examining 
biomarkers in oral fluids as diagnostic tools for periodontal disease 
has markedly increased in the last decade. It is anticipated that in-
creased understanding of biomarkers in periodontal health and dis-
ease will lead to the further development of chair-side technologies 
enabling dental practitioners to diagnose periodontal diseases and 
to predict the prognosis and responsiveness to periodontal therapy. 
Furthermore, biomarkers may be useful in screening as an adjunct 
in epidemiological studies.
Under diagnosis periodontal therapy leads to failure of periodontal 
treatment. For that researchers phrased biomarkers that indicated 
the presence or absence of periodontal disease. The biological media 
of choice included saliva, serum and gingival crevicular fluid.

Sources of biomarkers of periodontal disease in the oral cavity
Saliva, Gingival Crevicular Fluid (GCF), Peri-Implant Sulcular Flu-
id (PISF), and mouth rinse remnant constitute reliable sources of 
biomarkers in the oral cavity that are readily available. These fluids 
may be collected non-invasively, with a high potential to reflect peri-
odontal health and disease status through examining the biomark-
ers within them5.

However, certain limitations affect the quality and quantity of each 
fluid collected. Several methods have been described for the collec-
tion of GCF, such as absorption onto paper strips, microcapillary 

Abstract
Periodontal disease, one of the prevalent oral diseases, is characterized by gingival inflammation and periodontal tissue de-
struction. Diagnosing this disease is challenging to the clinicians as the disease process is discontinuous and shows periods of 
exacerbation and remission. Traditional diagnostic methods basically tells about the past tissue destruction so new diagnos-
tic methods are required which is able to detect the active state of the disease, determine the future progression and also 
estimates the response to the therapy, thereby helping in the better clinical management of the patient. 
Both saliva and Gingival crevicular fluid (GCF) are believed to be reliable medium to detect the biomarkers which plays a 
pivotal role in measuring the disease activity. Keeping these observations in mind rapid chairside tests are developed to 
diagnose periodontal disease called as Point of Care (POC) diagnostics which simplifies diagnosis and helps in improving the 
prognosis. This review article highlights about the biomarkers used in the diagnosis and throws light on the various available 
point of care diagnostic devices.
Key words: Periodontal Diseases, Diagnostic, Prognostic, Biomarkers
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pipetting, and sulcular washing methods. Despite the fact that GCF 
provides high levels of different biomarkers, the volume of this fluid 
is drastically altered in response to health or disease. This fluctuation 
greatly influences collection time by microcapillary pipetting, which 
ranges from 10 min for diseased sites up to 40 minutes in healthy 
sites 6,7.

Saliva is rich in a wide array of biomarkers that can be easily collect-
ed and stored in larger amounts than GCF without any potential 
trauma to the periodontal tissues. Errors associated with interpre-
tation of salivary samples are mostly related to variations in the vol-
ume and composition of saliva. These may be due to differences in 
pathological and physiological states between individuals, as well as 
within the same person at different times 8,9. 

Potential bio markers of periodontal diseases
A biomarker was defined by the National Institutes of Health Bio-
markers Definitions Working Group as “a characteristic that is ob-
jectively measured and evaluated as an indicator of normal biologi-
cal processes, pathogenic processes, or pharmacologic responses to 
a therapeutic intervention10.

Ideally, the biomarker must be valid, safe to use, easily measured, 
affordable, and able to be collected non-invasively. In addition, it 
should be highly sensitive to correctly identify those with disease 
(true-positive) and specific to precisely identify those without dis-
ease (true-negative). These criteria increase the accuracy of the bio-
marker as a predictive and diagnostic tool and for efficiently reflect-
ing the patients’ responses to treatment. Furthermore, consistency 
of results across different ethnic groups, ages, and genders is an im-
portant characteristic of an ideal biomarker. This section describes 
the most promising biomarkers of periodontal and peri-implant 
diseases11.

Proteomic biomarkers
The word “proteome” is a blend of “protein” and “genome”, and was 
coined by Marc Wilkins. The proteome is the entire complement of 
proteins, including the modifications of a particular set of proteins. 
Proteomics offers a new approach to the understanding the changes 
occurring as oral micro-organisms adapt to environmental change 
within their habitats in the mouth12.

Alkaline phosphatase (alp) 
ALP is a catalyzing enzyme that accelerates the removal of phos-
phate groups in the 5 and 3 positions from a variety of molecules, 
including nucleotides, proteins, and alkaloids. Although it is present 
in all tissues, ALP is particularly concentrated in the bone, liver, bile 
duct, kidney and placenta. The enzyme is likely to be largely derived 
from the periodontal tissues13. 
The major source of ALP in early inflammation is polymorphonu-
clear leukocyte. There is a significant correlation of ALP with pocket 
depth and inflammation. There is a relationship between attach-
ment loss in the periodontitis group to a drop in ALP activity in 
serum. Contrary to these results,the measurements of periodontal 
destruction (probing depth, gingival bleeding, and suppuration) are 
related to higher levels of ALP in saliva. As a predictive indicator for 
the future periodontal breakdown, ALP may serve as a marker in 
periodontal treatment planning and monitoring9.

Matrix metalloproteinases 
Matrix metalloproteinases (MMPs) are genetically distinct but 
structurally related zinc dependent metalloendopeptidases. MMPs 

are host proteinases responsible for both tissue degradation and 
remodeling. MMPs degrade extracellular matrix and further po-
tentiate proteolysis and inflammation by processing of bioactive 
non-matrix substrates, such as cytokines, chemokines and growth 
factors, and also by activating other MMPs. 
The 23 MMPs expressed in humans can be classified into different 
subgroups based on their primary structures and substrate specific-
ities: Collagenases (MMP-1, -8 and -13), Gelatinases (MMP-2 and 
-9), Membrane type MMPs (MT-MMPs, MMP-14, -15, -16, -17, -24 
and -25) and other MMPs. In the healthy condition, the periodontal 
ligament apparatus is protected from matrix metalloproteinases me-
diated proteolytic attack by tissue inhibitors of metalloproteinases 
(TIMP)14.

Gelatinase (mmp-9) 
Gelatinase (MMP-9), another member of the collagenase family, is 
produced by neutrophils and degrades collagen extracellular ground 
substance. There is a twofold increase in mean MMP-9 levels is re-
ported in patients with recurrent attachment loss. 
After giving one dose of systemic metranidazole, the levels of MMP-
9 in mouth rinse samples from patients with initial elevated MMP-9 
concentrations markedly decreased. Given these results, future use 
of MMP-9 in oral diagnostics may best serve as a guide in periodon-
tal treatment monitoring15.

Calprotectin 
Calprotectin is released from neutrophils. It is a calcium and zinc 
binding protein, has both antimicrobial and antifungal activity and 
play a vital role in inflammation. It inhibits immunoglobulin pro-
duction and act as a proinflammatory protein. Increased expression 
of calprotectin at the site of inflammation offer protection against 
bacterial invasion to epithelial cells especially P.gingivalis. Calpro-
tectin appears to improve resistance to P. gingivalis by boosting the 
barrier protection and innate immune functions of the gingival ep-
ithelium16.

Osteopontin (opn) 
OPN is released by both osteoblasts and osteoclasts. The concen-
tration of OPN is higher at the clear zone where osteoclasts are at-
tached. It helps in bone remodeling. In periodontitis, OPN levels are 
increased. There is a positive correlation between increased levels of 
OPN to probing pocket depth. When nonsurgical periodontal treat-
ment is provided GCF OPN levels are significantly reduced17.

Fibronectin 
Fibronectin is a glycoprotein that promotes selective adhesion and 
colonization of certain bacterial species .it is involved in chemotaxis, 
migration, inflammation, wound healing and tissue repair. Changes 
in oral cleanliness may contribute to the rapid fluctuations in sali-
vary proteases and epithelial cell fibronectin18. 

Immunoglobulins 
The predominant immunoglobulin in saliva is secretory IgA (sIgA) 
which is derived from plasma cells in the salivary glands. There are 
two subclasses of IgA – IgA1 and IgA2. IgA1 is predominates in se-
rum while IgA2 is found in higher concentrations in external secre-
tions. Saliva from treated periodontitis patients has higher IgA and 
IgG levels than saliva from control subjects. 
These higher antibody levels are observed for periodontal patho-
gens (P. gingivalis and Treponem adenticola), but also for the nor-
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mal inhabitant of the oral cavity Streptococus salivarius. Significant-
ly elevated levels of IgG antibody to A. actinomycete mcomitans are 
found. High level of salivary IgA is directed against bacteria in den-
tal plaque and may protect against the development of gingivitis19.

Genetic biomarkers 
Interleukin polymorphisms: A study reported that a “composite” 
IL-1 genotype consisting of at least one copy of the rarer allele at 
both an IL-lα and IL-1β loci was associated with severe periodon-
titis20. 
Cathepsin c polymorphisms: The underlying causation of Papil-
lon-Lefevre syndrome has been the subject of considerable debate in 
the literature. Papillon-Lefevre syndrome is caused by mutation in 
gene coding cathepsin C. This enzyme is expressed at high levels in 
many immune cells including polymorphonuclear leukocytes and 
macrophages and their precursors. In addition, it has been found 
that cathepsin C is expressed in areas of epithelium often affected 
by hyperkeratosis lesions such as palms, soles, knees and oral ke-
ratinized gingiva. But hyperkeratosis present only in homozygous 
trait21. 
TNFα gene polymorphism: The TNFα gene is located on chromo-
some 6 within the major histocompatibility complex (MHC) gene 
cluster at the location 6p21.3. It is an important mediator in inflam-
matory reactions and appears to play a central role in the pathogen-
esis of severe chronic inflammatory diseases. Differences in the rate 
of production of TNF have been demonstrated and a familial ability 
to produce higher or lower cytokine levels seems to exist. The TNF 
synthesis may be influenced by the presence of certain gene poly-
morphisms. Some consistent results on association of TNFα gene 
polymorphisms with diseases are reported for infectious diseases 
particularly malaria. TNFα gene polymorphisms were also investi-
gated in association with periodontitis22. 
CD14 gene polymorphism: The CD14 gene is on the chromosome 
5 at the location 5q31.1. The production of the sCD14depend on 
C to T transition at position –159 (also called -260). Subjects with 
the homozygous TT genotype exhibited significantly higher sCD14 
levels which influenced the activation of Th2- to Th1 type cells in 
the response to bacterial challenge. The -260 CD14 gene polymor-
phism. has been associated with Crohn’s disease and also with peri-
odontitis23.

Other biomarkers 
Cortisol: A study evaluated the association of stress, distress, and 
coping behaviors with periodontal disease and concluded that high-
er salivary cortisol levels were detected in individuals exhibiting se-
vere periodontitis24. 
Calcium: A study conducted to examine differences in salivary cal-
cium levels in periodontitis patients in comparison to periodontally 
healthy subjects. The results show that subjects in the high salivary 
Cagroup had significantly more intact teeth than their pairs in the 
low salivary Ca group and concluded that an elevated calcium con-
centration in saliva was characteristic of patients with periodonti-
tis24. 
Volatiles:Volatile sulphur compounds, primarily hydrogen sulfide 
and methylmercaptan, are associated with oral malodor. Salivary 
volatiles have been suggested as possible diagnostic markers and 
contributory factors in periodontal disease. For example, pyridine 
and Pico lines were found only in subjects with moderate to severe 
periodontitis. Furthermore, saliva seems to be a useful medium to 
evaluate oral malodor25.

Microbial markers 
Although there are almost 600 bacterial species present in subgin-
gival plaque, only few of them are causing periodontal disease in a 
susceptible host. A number of specific periodontal pathogens have 
been implicated in periodontal diseases, including Tanerella for-
sythensis, Porphyromonas gingivalis, and Treponema denticola26. 
These three organisms are members of the ‘‘red complex’’ of bacteria 
that are highly implicated in the progression of periodontal diseases. 
Actinobacillus actinomycetem comitans has been linked with ear-
ly-onset forms of periodontal disease and aggressive periodontitis, 
whereas red complex bacteria are associated with Chronic Peri-
odontitis. A study conducted to determine whether the presence of 
bacterial antigens for Porphyromonas gingivalis (Pg), Prevotella in-
termedia (Pi), and Actinobacillus actinomycetem comitans (A.a) in 
sub gingival plaque of periodontitis patients after periodontal treat-
ment was associated with progressive alveolar bone loss27,28. 

Progressive alveolar bone loss was determined using digital subtrac-
tion radiography with standardized radiographs taken at baseline 
and 6 months after treatment and concluded the presence of P. gin-
givalis in plaque after treatment was significantly associated with 
progressive bone loss29,30.

Periodontal point-of-care test kits
PoC technology aims to evaluate the levels of biomarkers that have 
shown to be associated with the disease status. These tests have 
already been used in general medicine for blood coagulation, im-
munological, and cardiovascular biomarkers. Moreover, some of 
these tests, such as pregnancy tests and for blood glucose levels, are 
available for home use. There is potential for developing further PoC 
tests in medicine, and the WHO has introduced the ASSURED cri-
teria for the characteristics of PoC devices. This stipulates that such 
devices should be “affordable, sensitive, specific, user friendly, rapid, 
and robust, with no complex equipment and deliverable to end-us-
ers”31,32,33. 
The development of a PoC test for periodontal diseases that meets 
the above criteria would be of great value and make life easier for 
researchers, clinicians, and patients. Since the 1990s, many test kits 
that have been introduced as prototypes or for commercial use have 
relied upon chemical, immunological, and microbiological tech-
niques for the evaluation of biomarkers. The idea was to develop a 
test kit with enhanced diagnostic and prognostic capabilities. 
This section will review the applicability and usefulness of these kits 
through the studies that have examined them. In general, the chair-
side kits can be classified into three groups 34,35,36.

Microbiological test kits 
Microbiological test kits have been used to detect periodontopatho-
genic bacteria that play a role in periodontal diseases, such as A. 
actinomycetemcomitans, P. gingivalis, P. intermedia, T. forsythia, 
and T. denticola. Evaluation of these bacteria can be used to deter-
mine the most common forms of the disease, such as gingivitis and 
periodontitis (formerly called chronic and aggressive periodontitis). 
These tests were used to assess the reduction or eradication of peri-
odontal pathogens during periodontal therapy, however, they could 
not fully satisfy clinical needs. For example, Omnigen diagnostics 
takes hours to days to perform, Evalusite has very low sensitivity, 
and PerioScan can only determine the severity of the disease37.

Biochemical test kits 
These kits have mainly been used to determine levels of biomark-
ers in oral fluids. Molecules, such as enzymes (bacterial and host 
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enzymes), mediators of inflammation, and extracellular matrix 
components that represent the alteration of periodontal tissues have 
been investigated. Amongst the molecules, enzymes (MMP8 in 
particular) have been mainly examined and translated as chair side 
tests. Generally, these tests are not widely used in the clinic because 
of complex procedure, low sensitivity and specificity, whereas, the 
more recently developed PoC test kits, namely PerioSafe® and Im-
plantSafe®, can provide results within 5–7 min, with sensitivity and 
specificity of 76.5% and 96.7%, respectively38.

Genetic test kits 
Genetic polymorphisms of IL-1α and IL-1β are likely to be related to 
an individual’s genetic susceptibility to periodontitis. Although these 

genes do not cause or initiate the disease, they might enhance earlier 
development and severity of the periodontitis. GenoTypePST® and 
MyperioID tests are used to determine the genetic susceptibility to 
periodontitis. 
The biomarkers that have been examined in relation to PoC test 
kits have been shown to identify the severity of periodontal diseas-
es. However, apart from PerioSafe® and ImplantSafe®, none of these 
tests have demonstrated the prognostic capabilities of importance to 
both clinician and patient. Additionally, these tests have been shown 
not to comply with ASSURED criteria for diagnostic devices. Thus, 
some of these tests, indeed the majority, are no longer available or 
rarely used in clinics39.

ASSAY COMMERCIAL KIT SAMPLE TARGET
Microbial test Perioscan Subgingival plaque Utilizes the bana test for bacterial trypsin-like 

proteases
Omnigene Saliva Pg, Pi, Aa, Fn, Tf, Td, Ec, and Cr

Bio Chemical 
test

Prognostik GCF Serine proteinases and elastase

Perioguard GCF Detects the presence of aspartate aminotrans-
ferase

Genetic Test Genotype Saliva Interleukin (IL-1α and IL-1β) genes polymor-
phism

My perio id Saliva Genetic variation/polymorphism within the 
IL-1 gene

Bio markers of periodontal disease in urine
Among the urine biomarkers, β2-MG, α1-MG, and NGAL were 
seen to be positively correlated with the clinical periodontal status. 
Although, urinary albumin was reported to have a relationship with 
periodontitis, no association with parameters of periodontitis was 
observed. β2-MG and α1-MG are low-molecular-weight proteins 
(27 and 11.8 kDa, respectively), with the former being produced by 
all cells expressing major histocompatibility complex class I antigen 
and the latter being synthesized mainly by the liver and existing in 
various body fluids.
Proteinsare readily filtered through the glomerulus in a healthy 
kidney, and approximately 99% is reabsorbed and catabolized by 
the proximal tubular cells. Therefore, increased β2-MG or α1-MG 
excretion in urine has been reported to indicate early signs of re-
nal tubular dysfunction. The concentration of urine β2- MG is also 
known to increase during various inflammatory conditions or viral 
infections independent of kidney injury. 
In the current study, higher inflammatory activity was observed in 
the PD and BOP (indicating severe periodontitis) of individuals in-
cluded in the high β2-MG group compared to those in the normal 
β2-MG group. he mechanism by which periodontitis affects the uri-
nary levels of β2- MG is still unclear, and future studies should also 
focus on examining the levels of β2-MG in gingival tissues. High 
concentrations of β2-MG in inflamed periodontal tissues may dis-
seminate into the systemic circulation and be excreted through the 
urine, thus exhibiting increased levels. 
On the contrary, due to the bidirectional relationship between renal 
function and periodontitis, urine β2-MG possibly increased along 
with renal dysfunction and associated with periodontitis. However, 

the participants of the current study were not diagnosed as renal 
dysfunction. Further studies are necessary to better understand the 
mechanism underlying increased urinary concentrations of β2-MG 
in patients with periodontitis41.

Conclusion
In the field of oral disease diagnosis, there has been a steady growing 
trend during the last two decades to develop tools to monitor peri-
odontitis. From physical measurements such as periodontal probing 
to sophisticated genetic susceptibility analysis and molecular assays 
for the detection of biomarkers on the different stages of the disease, 
substantial improvements have been made on the understanding of 
the mediators implicated on the initiation and progression of peri-
odontitis. 
At the same time, this evolutionary process has promoted the dis-
covery of new biomarkers and the development of new therapeutic 
approaches mainly using host modulation. It is clear that no sin-
gle marker will fulfill all the criteria necessary for assessment of the 
clinical state of the periodontium, and future research should be 
directed at the production of “marker packages”. The development 
of a wide spectrum of marker factors will be a primary goal of peri-
odontal research.
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Introduction
The development of the various orthodontic treatment modalities 
available today would not have been possible without the introduc-
tion of metal and alloy in the form of wires in different dimensions, 
shapes and configurations. 
WIRE is a slender rod, strand or thread of ductile metal, usually 
formed by drawing through dies or holes.1
Orthodontic wires generate biomechanical forces, communicate 
through brackets for tooth movement and are central to the practice 
of the profession. Optimum orthodontic tooth movement is pro-
duced by light continuous force throughout and over large distances. 
The challenge in designing and using an orthodontic appliance is 
to produce a force system with these characteristics, creating forces 
that are neither too great, nor too variable over time. It is particularly 
important that the light, continuous forces do not decrease rapidly, 
decaying away, either because the material itself loses its’ elastici-
ty, or, because a small amount of tooth movement causes a larger 
change in the amount of force delivered.
Initially, in the late 18th and early 19th century, the gold arch wires 
were the only metal used in orthodontics. Later, newer, better and 
more economic materials are introduced such as stainless steel 
wires, in mid 19th century which gradually replaced the gold wires 
and dominated for almost two decades. After that Nitinol wire was 
invented in the late 19th century and gained popularity due to its 
unique features like shape memory, super elasticity, etc. 

Nickel Titanium wires
Evolution of NiTi alloys
The nickel-titanium alloy was invented at the Naval Ordnance Lab-
oratory in the 1960s and subsequent application to orthodontics 
became possible during the early 1970s. Actually, the first NiTi or-
thodontic wire (Nitinol) was named after the laboratory where the 
wider metallurgical applications of alloys took place (Nickel Titani-
um Naval Ordnance Laboratory)2

By 1970 Andreason brought this intermetallic composition of 50% 
nickel and 50% titanium to orthodon¬tics through the University of 
Iowa2-4. The Unitek Cor¬poration licensed the patent  and offered a 
stabilized martensitic alloy that did not exhibit any shape-memory 

effect (SME) under the name, Nitinol. This product had the lowest 
modulus for any cross section and the most extensive deactivation 
(range) capability. Now, light forces could be offered over a protract-
ed range as any of four combinations of passive or active be-havior 
and of martensitic or austenitic phase were possible. In some cases 
the thermoelastic or the pseudoelastic effects (or both) are also ex-
ploited,the latter of which is also termed superelastic, in part because 
the material has so much springback after displaying what appears 
to be pure plasticity.
By 1986, two ‘‘superelastic’’ alloys were offered — a Japanese NiTiand 
a Chinese NiTi. These are active austenitic alloys that form stress-in-
duced martensite. The first generation of NiTi wires expressed the 
“shape memory” characteristic, which refers to the ability of the wire to 
return to a previously manufactured shape when heated through a tran-
sition temperature range (TTR). Andreasen in 1985 showed that when 
a Nitinol wire is deflected over a long distance it eventually springs back 
to nearly its original position while exerting light, continuous forces.5,6

This property of the Nitinol is called as the “superelastic” property. 
However, in the following years the term “superelasticity” took a dif-
ferent definition based on the structural changes also known as phase 
transformation that take place during the temperature changes or the 
loading process of the wire. Superelasticity7 is now termed as a phe-
nomenon where the wire exhibits a low continuous force with a 
plateau during loading or unloading. This property gives an almost 
constant force over a wide range and provides clinical advantages 
over non-superelastic nickel-titanium wires. During the mid-1980s, 
two new superelastic nickel titanium archwire alloy types were man-
ufactured and became commercially available: the Chinese NiTi and 
the Japanese NiTi 8. The Chinese NiTi (marked as Ni-Ti by Ormco)9, 
was introduced in 1985 by Burstone and colleagues, and exhibited 
4.4 times the springback of the stainless steel wire and 1.6 times the 
springback of the original Nitinol .

Some unique properties of NiTi wires
1. Transition temperature range,
2. Shape memory,
3. Super elasticity,
4. Spring back property.

Abstract
Results of Orthodontic treatment depend not only on skills of clinician, appropriate diagnosis and treatment planning, but 
also on material of components used for fixed mechanotherapy. Components of fixed appliance include wires, brackets, 
Nickel Titanium (NiTi) springs, elastic module, ligature wire etc. A variety of materials with variable physical properties, es-
thetics and frictional properties are used for manufacturing of orthodontic wires. Therefore an Orthodontist must know the 
properties and behaviour of different wires for their appropriate clinical use to achieve satisfactory results during orthodon-
tic therapy. This article reviews the NiTi wire and latest trends of these wires.
Keywords: NiTi wire, shape memory, superelasticity, springback.
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Transition temperature range (TTR):
Transition temperature range is a specific temperature range when 
the alloy nickel titanium on cooling undergoes martensitic transfor-
mation from the cubic crystallographic lattice.
At lower temperatures, the alloy consisting of 55% Ni and 45% Ti 
is found to be in martensitic crystallographic lattices consisting of 
lesser symmetric lattices like monoclinic, orthorhombic, tetragonal 
crystallographic structures. In the martensitic phase, the alloy can-
not be plastically deformed.At higher temperatures, the alloy is found 
to be in cubic crystallographic lattice consisting of body centered cubic 
crystallographic structures. It is also known as austenitic phase of the 
alloy. Plastic deformation can be induced in austenitic phase of the alloy.
When the alloy is cooled through the critical transition temperature 
range (TTR) martensitic transformation from cubic crystallographic 
lattice occurs. Hence, the plastic deformation induced at a higher tem-
perature is alleviated at a lower temperature.
The same plastic deformation induced at the higher temperature re-
turns back when the alloy is heated through a temperature range known 
as reverse transformation (transition) temperature range, RTTR. Any 
plastic deformation below or in the TTR is recoverable when the wire 
is heated through RTTR. Therefore, clinically, reverse transformation 
(transition) temperature range is used.
The TTR of Nickel Titanium alloy is between 482 - 510°C when the 
alloy is cooled from higher temperature which is very high for clin-
ical usage. Substitution of 1.6% cobalt results in formation of TiNi 
and TiCo which have transition temperature ranges of + 164.6°C (+ 
330°F) for TiNi and -237.2°C (-395°F) for TiCo giving a very wide 
range of transition temperature range.
Andreason G.F. used 0.010” 55 Cobalt substituted annealed Ni-
tinol alloy in which the TTR of the wire was adjusted to the oral 
temperature. The wire was stretched from 8% to 12% of its orig-
inal length below the TTR at room temperature. When intro-
duced into the oral cavity, the wire was activated by the reverse 
transition temperature range, which brought the wire back to its 
original pre – stretched condition. 
The use of Nickel Titanium wire in the preformed ideal arch 
form and allowing it to correct the malocclusion when activat-
ed by Reverse Transition Temperature Range, RTTR, shape 
memory phenomenon is required.

Shape memory
It is the phenomenon, wherein if a plastic deformation in-
curred within or below the TTR, it is recoverable within cer-
tain strain limits of 8%, which is the outer fibre strain limit of 
the wire.
Formation of the shape memory wires
For clinical use, the wire has to exhibit a shape at a lower tem-
perature, any plastic deformation induced should be allevi-
ated when the wire is heated through the RTTR. The Niti-
nol wire should be plastically deformed at a lower temperature 
and casted. The casted wire should be placed in the oven and 
heated between 482°C to 510°C. Plastic deformation occurs and 
the wire is then placed in the refrigerator. On cooling, the wire 
comes back to the original shape. It is then heated again and plas-
tic deformation is induced after which, the wire is again placed in 
the oven, followed by freezing. This heating followed by freezing 
is continued until the wire retains the shape exhibited at higher 
temperature even at room temperature. Hence, the preformed 
Nitinol arch will have a second TTR, which is lower and clini-
cally applicable.

The mechanism behind this phenomenon can be explained as 
follows:
First memory of the wire is due to conversion of thermal energy 
to mechanical energy with excess energy in the crystallographic 
network of the alloy. 
Second memory of the wire is an exothermic reaction with pas-
sive return to pre-determined position of the crystallographic 
relaxation and therefore, not associated with recovery forces or 
work. This explains how NiTi wire can formed into a preformed 
arch wire for use in orthodontics.
When the preformed Nitinol wire is ligated to the brackets, the 
oral temperature will act as the RTTR to activate the wire and 
alleviate the plastic deformation induced thereby correcting the 
tooth position.
Nitinol wire is work hardened during the manufacturing pro-
cess, which induces a martensitic phase in to the alloy. Hence, 
superelasticity is not exhibited by the Nitinol wire.

Superelasticity
It is the property of the wire explained as even when the strain is 
added, the rate of stress increase levels off due to the progressive 
deformation produced by stress induced martensitic transforma-
tion.
Another wire called the Japanese NiTi wire introduced by Fujio 
Miura is manufactured by a different process and demonstrates 
superelasticity. This property can be produced by stress and not 
temperature difference. Therefore, it is called as stress induced 
martensitic transformation.8

Another Nickel Titanium alloy introduced by Burstone devel-
oped by Dr. Tien Hua Cheng called as Chinese NiTi alloy exhib-
its superior springback property when compared to Nitinol due 
to little work hardening and presence of the parent phase which 
is austenite yielding better mechanical properties. In addition, 
Chinese NiTi wire has a much lower TTR.

Spring back property
 Ability of the wire to return to the original shape without perma-
nent deformation is known as spring back property of the wire. 
It is related to the ratio of yield strength to modulus of elasticity 
of the material. Higher springback values provide the ability to 
apply large activation with a resultant increase in working time 
of the appliance. This in turn implies that fewer arch wire chang-
es or adjustment will be required. It defines the ability of the wire 
to return to its original shape when the load is relieved before 
permanent deformation. 
  
Classification of the NiTi Orthodontic archwire alloys
The mechanical properties of the different types of NiTi alloys that 
are currently available allow an initial classification to the following 
categories: 
• Super elastic,
• Non - superelastic, and 
• True shape memory. 
However, this classification introduces confusion with respect 
to the meaning of the terms and as a result, an alternative, struc-
tured-based classification was proposed by Kusy as cited by Brantley 
(Brantley, 2001).

Martensitic-stabilized: the processing of this type of wires creates 
a stable martensitic structure and thus no shape memory or super 
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elasticity is expressed. Typical representative of this category is the 
non-superelastic Nitinol wire.

Martensitic Ðactive: this type of NiTi wires employs the thermo-
elastic effect to achieve shape memory. The temperature raise within 
the oral environment leads to the transformation of the martensitic 
back to the austenitic structure and as result the deformed arch wire 
returns to the starting shape. This category includes the superelastic, 
shape-memory wires, such as NeoSentalloy and Copper NiTi.
Austenitic Ðactive: these alloys experience a pseudoelasticbe-
haviour, where the martensitic structure transformation of these 
alloys is stress-induced resulting from the activation of the wire. Su-
perelastic wires that do not possess thermoplastic shape memory at 
the oral environment temperature, such as Nitinol SE, belong to this 
category. 

Advances in NiTi wire alloy
Copper Nickel Titanium alloys
In 1994, Ormco Corporation introduced a new orthodontic wire, 
copper NiTi. It is a quarternary (Nickel, Titanium, Copper and 
Chromium) alloy with distinct advantages over formerly available 
Nickel and Titanium alloys.
Thermo mechanical characteristics of the nickel titanium alloys 
have enabled to develop this new quaternary alloy based on Ni, Ti, 
Cu, and Cr. This alloy has the advantage of generating more constant 
forces than any other superelastic nickel titanium alloy. It is more 
resistant to deformation as a result of thermo – mechanical insults 
in the mouth. Also, it demonstrates a smaller mechanical hysteresis, 
that is, it does not lose its recovery load as do other nickel titanium 
alloys. Orthodontic archwires fabricated from this alloy have been 
developed for specific clinical situations and are classified as follows:
• Type   I :Af     15°C
• Type  II  :Af      27°C
• Type III :Af      35°C
• Type IV:Af      40°C
These four alloys form the basis for “variable transformation tem-
perature orthodontics” developed by Dr. Rohit C. L. Sachdeva, 
Texas. Shape memory behavior is reported by the manufacturer to 
occur for each variant at temperatures exceeding the specified tem-
perature. These variants would be useful for different types of or-
thodontic patients. For example, the 27°C variant would be useful 
in mouth breathers, the 35°C variant is activated at normal body 
temperature, and the 40°C variant would provide activation only af-
ter consuming hot food and beverages.10

Supercable arch wire 
Hanson in 1993, introduced superelastic NiTi coaxial wire which 
combine mechanical advantage of multistranded cables and prop-
erties of superelastic wires. These wires consist of seven individual 
strands, woven together in a long, gentle spiral wire. This wire pro-
vides better treatment efficiency as it is flexible, eliminate need of 
archwire bending and can be easily ligated regardless of crowding. 
These wires generate light, continuous force, so there is no adverse 
effect on periodontal tissues and patient discomfort is also mini-
mum. Uses of these wires reduce number of visits due to longer arch 
wire activation.11

Turbo wire 
These are nine strand rectangular braided NiTi wires having low 
stiffness and high flexibility. These wires are used for torque control 

and full bracket engagement. These are also efficient for finishing, 
retaining torque and allow use of vertical elastics.12

Retranol wire 
It is ‘The Bite Opener’ reverse curve arch wire manufactured by 
work hardening of NiTi. Working range of this wire is greater than 
that of stainless steel wire and also has ideal dimensional stability, so 
prevent dumping of anterior teeth during retraction phase. It opens 
the bite in less than half time as compared to stainless steel wire. 
This wire remains active throughout the treatment and needs fewer 
archwire changes and adjustments during treatment. These wires 
are available in round and rectangular dimension for both maxillary 
and mandibular arch.13

CV NiTi wire 
These wires provide predictable force level like copper NiTi wire. 
These wires eliminate the problems related to copper NiTi wires 
such as copper allergy, colour change of wire and chemical taste. In 
these wires, transition temperature range has been changed and set 
to a specific temperature through pressure variation and heat treat-
ment. These wires are of three types. 
• Type 1: Maximum force activation (270C) 
This wire works immediately after placement in the mouth. So the 
wire is first cooled down for bending and engagement. It is best suit-
able and effective for impacted canine alignment. 
• Type 2: Moderate force activation (350C) 
This wire gets activated with warm liquids. It is perfect for leveling, 
aligning and also popular for settling phase. 
• Type 3: Minimum force activation (400C) 
This wire generates light force, used as initial arch wire and elimi-
nates patient discomfort.14

Bactericide orthodontic arch wire: NiTi with silver nanoparticles 
These wires are fabricated by electrodeposition of silver nanoparti-
cles, without effecting mechanical properties of wire. This electro-
deposition of silver nanoparticles controls the plaque accumulation. 
It was observed that there is reduction of bacteria due to these silver 
nanoparticles. As oral hygiene in orthodontic patients get compro-
mised due to brackets. So there are chances of enamel decay, gingi-
vitis and periodontal diseases. To all these problems, these wires give 
a good solution.15

Marsenol
 It was manufactured by Glenroe technologies. It is E.T.E (Elasto-
meric poly tetra flor ethylene emulsion) coated tooth colored nickel 
titanium wire. Marsenol shows similar working characteristics to an 
uncoated super elastic nickel titanium wire.16

Lee white wire
 Lee white wires manufactured by LEE pharmaceuticals are resistant 
stainless steel or Nickel titanium archwires with a tooth colored ep-
oxy coating. The epoxy coating is opaque, does not show any discol-
oration and does not chip, peel, scratch or discolor. 16
Orthodontic wires with diamond-like carbon (DLC) Coating 
DLC coatings have become popular in biomedical applications. 
The most noted property of DLC coatings is hardness. DLC coat-
ing done by Plasma based ion implantation and deposition (PBIID) 
gives hardness values of 6-20 GPa. The surfaces of stainless-steel 
and nickel-titanium orthodontic wires are coated by a DLC layer 
by PBIID method. The DLC coating decreases the frictional force 



IJDSR

IJDSR, 2022 Volume 2, No. 1 41

and increases the hardness value. DLC coated wires that have lower 
modulus of elasticity might show higher flexibility.17-19

Conclusion
The use of NiTi wires have revolutionized the field of orthodontics 
as these wires deliver light continuous force over  a wide range of 
displacement as compared to other wires. For desired results, vari-
ants of NiTi wires are introduced which provide better physical 
properties and required behaviour of wire in clinical situation. As 
number of adult patients seeking orthodontic treatment is increas-
ing, so esthetic variants of NiTi wires are useful for such patients 
who are conscious for esthetic appearance of fixed appliance.
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Introduction
Periodontitis is a chronic inflammatory disease affecting both hard 
and soft tissues of the oral cavity.1-3 Periodontitis is the second most 
prevalent dental disease next to dental caries. Periodontitis shows a 
progressive destruction of the alveolar bone and periodontal fiber 
apparatus with subsequent and sequential migration of the junction-
al epithelium apical to the tooth surface.4 One of the most common 
and prevalent causative factor of the disease is the accumulation of 
bacterial plaque.5,6 Therefore, the aim of the various therapeutic ap-
proaches that are available is to eliminate bacterial plaque.
Periodontal diseases are the most common cause of tooth loss in the 
modern world. According to data from the World Health Organiza-
tion report calculus and gingival bleeding, which primarily indicates 
poor oral hygiene, are most prevalent in adults from all regions of 
the world while advanced disease with deep periodontal pockets (≥ 
6 mm) affects approximately 10% to 15% of the adult population7

The current paradigm of etiopathogenesis for periodontitis propos-
es that thoughperiodontal diseases are pathogen and site specific, 
thehost- microbial interactions that leads to overproductionof de-
structive enzymes and pro-inflammatory mediatorsdetermine the 
extent and severity of tissue destruction 8,9.This shift in paradigm 
has resulted in better understandingof the underlying host immune 
responses and to developmentof novel treatment strategies that may 
enchance therapeutic outcomes and overall clinical management 
ofperiodontitis patients.
Treatment of periodontitis is directed primarily towards the reduc-
tion of pathogens embedded in the subgingival biofilm10. Non-sur-
gical periodontal therapy (NSPT) has been shown to improveclin-

ical attachment levels (CAL) and probing pocketdepths (PPD) in 
mild to moderate periodontitis cases with probing pocketdepths of 
less than 6 mm11. In the treatment of deep pockets (> 6 mm) surgi-
cal periodontal therapy resultsin greater PPD reduction and clinical 
attachment gain11. Chronic periodontal disease can be successfully 
treated by NSPT provided adequate plaque control is maintained 
throughout the supportive phase of treatment12. NSPT includes 
both mechanical and chemotherapeutic approaches to minimize or 
eliminate microbial plaque associated with the periodontal tissues, 
tooth surfaces and within other niches in the oral cavity 10,13 and to 
improve host immune-inflammatory response in the periodontal 
tissues.

The present review highlights the various non-surgical therapeutic 
modalities of periodontal disease and also provides insights into 
current advances of the same.

Mechanical non surgical periodontal therapy
Oral Hygiene Practices
Tooth brushing is the method which is widely used by most of the 
individuals for their daily oral hygiene. However, it seems that most 
patients are unable to achieve sufficient total plaque control at each 
brushing. Newer technologies such as powered toothbrushes have 
been developed that may improve plaque removal and simplify the 
task. The powered toothbrushes have many advantages and have 
the inherent potential to improve plaque removal as well as enhance 
patient motivation. Also, rotation oscillation powered brushes were 
shown able to significantly reduce plaque and gingivitis in both the 
short and long-term. But, On the other hand, Deeryet al.15 found 

Abstract
Periodontitis is the second most common disease of the oral cavity and affects majority of the population. Periodontal 
disease is an inflammatory condition that exhibits a complex interaction between pathogenic bacteria, environmental and 
acquired factors and host related factors. One of the most common causative factors for the disease is dental plaque.In the 
last few decades, there have been several advances in the treatment modalities for the same. Therefore, the aim of various 
treatment options is the eradication of dental plaque. The methods range from something as simple as tooth brushing and 
oral hygiene practices to those administered by a dental professional. There are various chemical methods and mechanical 
methods for the same. There are also certain methods like the usage of mouthwashes and local drug delivery that can be 
used in addition to any type of periodontal therapy. The therapeutic modalities can be surgical or non‑surgical. Keeping the 
patient at the centre of equation, non‑surgical periodontal therapy is more acceptable to the patient and is also easy to 
perform and not very complex. In the present review, several options for the management of periodontal disease through 
non‑surgical periodontal therapy have been discussed along with recent advances for the same.
Key Words: Non surgical periodontal therapy (NSPT), periodontitis, recent advances in NSPT.
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no evidence of a statistically significant difference between powered 
and manual brushes.
Addition of several chemical agents in toothpastes aims to decrease 
plaque and gingival inflammation. Among them the stannous fluo-
ride and triclosan-containing toothpastes demonstrated a better an-
tiplaque and anti-gingivitis effect than conventional dentifrice.16,17. 
Slot et al.18 The evidence for the chlorhexidine gel was not conclu-
sive. However, brushing with a chlorhexidine dentifrice was shown 
to be effective, the related tooth discoloration may have a negative 
impact on patient’s compliance.
Interdental cleaning is supposed to be crucial to improve and main-
tain gingival health. The interdental areas are difficult to be reached 
by toothbrushes alone. Several adjuncts have been used and investi-
gated for their effectiveness such as toothpicks, interdental brushes 
andfloss,. Many dentists would confess that everyday flossing is of 
paramount importance for maintaining good oral health. Although, 
the ability of individuals to perform high quality flossing is ques-
tionable. There are some studies that show flossing in addition to 
toothbrushing decreases gingivitis but the evidence regarding 
plaque reduction is weak and unreliable. Hence, the routine instruc-
tion for everyday flossing is not supported by scientific evidence 
and should only be given on an individual patient basis when high 
quality flossing could be achievable.19,20 Lastly, oral irrigators are an-
other aid proposed as adjuncts of tooth brushing. Although there is 
evidence suggesting that oral irrigating reduces signs of gingival in-
flammation and improves gingival health, it has no beneficial effect 
in reducing visible plaque.21

Scaling and Root Planing
Hand instrumentation and sonic or ultrasonic scalers have been 
shown to be very effective in slowing down the rate of periodon-
tal diseaseprogression, reduce bleeding on probing and probing-
pocket depths, reducing the risk of tooth loss and improve gingival 
health.12,22 Use of hand scalers has been referred to as “gold standard” 
inmechanical periodontal therapy23 but it is very timeconsuming, 
requires more skill, and is tiring for both dentistand patients. On 
the other hand, ultrasonic instrumentationimproves patient com-
pliance and requires less timefor thorough debridement.

Laser (Light amplification by stimulated emission ofradiation)
The use of lasers has been recommended for past few decadeswith-
in the periodontal pocket for subginigival debridement, reduction 
of subgingival bacterial loads and scaling and root planing (SRP). 
But its clinical effectiveness inthe treatment of periodontal diseas-
es remains debatableamong clinicians and there is dearth of clini-
cal evidencefor their benefit over traditional mechanical therapy.24 
Among the different wavelengths of lasers most commonly used for 
periodontal treatment are:
Er: YAG laser seems to provide the most suitable characteristics for 
different types of periodontal treatment. To be specific, it shows the 
most promising results for root surface treatment and is safe and 
efficient for use in periodontal bone surgery when used with con-
comitant water irrigation. 
Erbium-Chromium doped: Yittrium-Selenium Gallium- Garnet 
(Er. Cr: YSGG) laser is commercially available as Waterlase. It uses a 
patented combination of laser energy and water by a process called 
Hydro photonics, to perform a wide range of dental procedures 25.

Photodynamic therapy
Antimicrobial photodynamic therapy (PDT) is a non-invasivetreat-
ment modality, which involves an oxygendependentphotochemical 

reaction that occurs upon lightmediated activation of a photosen-
sitizing compoundbound to the target cell. This reaction leads to 
the generationof cytotoxic reactive oxygen species, predominant-
lysinglet oxygen26,27 and hence can be very effectivein anaerobic 
infections like periodontitis. The light sourcecould be a low-power 
laser28,29 or light emitting diodes30.There are only few systematic re-
views and well designedresearch articles published on clinical effec-
tiveness of PDTover conventional periodontal therapy.
Chemotherapeutic approaches in NSPT

Chemotherapeutic agents:
The effects of mechanical therapy might be enchanced using anti-
microbial agents which further suppress the remaining pathogens. 
Various chemotherapeutic agents are now available for treating 
periodontal diseases. Systemic anti infective therapy (oral antibi-
otics) and local anti infective therapy (placing anti infective agents 
directly into the periodontal pocket) can reduce the bacterial chal-
lenge to the periodontium.31

Four generations of antiseptics that includes:
• I generation: Antibiotics, quaternary ammonium compounds, 
sanguinarine and phenols
• II generation:, Bipyridines, quaternary ammonium compounds, 
bis biguanides, phenolic compounds, halogens, enzymes, metal 
ions,surfactants, oxygenating agents, urea, amino alcohols, natural 
products, saliflour, and agents that enhance the redox potentials.
• III generation: Effective against specific periodontogenic organ-
isms
• IV generation: Probiotics are incorporated in mouthwashes

Conclusion
Non-surgical periodontal therapy continues to advanceand newer 
therapeutic modalities are being developedto make the after-ef-
fects more predictable and last longer. This review covers various 
non-surgical periodontal therapies, which should be considered as 
first line measures for treating periodontal disease before resorting 
to surgical approaches.
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Introduction:
Desire to retain natural dentition is now very high, that makes it 
very essential to have are liable treatment option to salvage natural 
dentition. Endodontic therapy is one of the commonly performed 
dental procedures. Endodontic treatment is predictable in nature 
with reported success rates up to 86–98%.1 Despitethe high success 
rate of endodontic treatment, failures do occur in a large number of 
cases which could necessitate retreatment. Glossary of Endodontics 
defines retreatment as it is a procedure to remove root canal filling 
material from the tooth, followed by cleaning, shaping, and obtura-
tion of the canals.2 The primary goal of orthograde retreatment is 
regaining access to the apical foramen by complete removal of root 
canal filling material, thus facilitating sufficient shaping cleaning 
and of the complete root canal system and then final obturation.3
For the complete removal of gutta-percha fillings, various instru-
ments and instrumentation techniques are available like the use of 
hand files, rotary instruments, heat, ultrasonic, laser a adjunctive 
use of solvents.4 Over the last couple of decades, various rotary nick-
el titanium retreatment instrument systems have been introduced to 
allow effective removal of filling material from a previously treated 
root canal. Among the various rotary nickel titanium retreatment 
instrument systems, ProTaper Universal retreatment files (Dentsply 
Maillefer, Ballaigues, Switzerland) have proved to be most efficient 
than other file systems in removal of root filling materials.5-7

Recently, a new Endostar RE Re-endo rotary file system (Poldent 

Co. Ltd., Warsaw,Poland) for removal of gutta-percha from root ca-
nal during endodontic retreatment has been introduced.
Root canal Procedure: Access were opened with Airotor and bur. 
Patency was achieved with 6,8,10 no K files. Working length was 
achieved with size15K-file (Dentsply,Maillefer, Ballaigues, Switzer-
land) was inserted into the canal until it was visible at the apical fo-
ramen. The working length was established as 0.5 mm short of this 
point. Root canal shaping and cleaning was performed with Prota-
per Universal rotary system till F5 with electric powered MotorX- 
Smart (Dentsply, Maillefer, Ballaigues,Switzerland).Manufacturer’s 
instruction for speed and torque were followed for shaping of canals. 
Irrigations was done with 5% of sodium hypochlorite during clean-
ing and shaping of root canals and 17%Ethylenediamine tetra acetic 
acid was used as final rinse for 30 seconds followed by rinse of 5ml 
saline for removal of smear layer and better adhesion of AH plus 
sealer. All the specimens were obturated with gutta-percha and Ah 
Plus sealer using cold lateral compaction technique. The quality and 
extent of obturation were confirmed radiographically. Specimens were 
stored in an incubator at 37°C and 100% humidity for three weeks to 
simulate oral condition and to ensure complete setting of sealer.
Retreatment Procedure: Specimens were randomly distributed into 
2 groups (n=20).Each of the groups were retreated with one of the 
retreatment system.
The obturation was then removed using one of the following tech-
niques:

Abstract
Aim: To compare efficacy of ProTaper Universal retreatment files with Endostar RE Re‑endo rotary file system for removal of 
gutta‑percha from root canal during endodontic retreatment.
Materials & Methods: Forty freshly extracted human mandibular premolar were treated endodontically. The teeth spec-
imens retreated by one of the two rotary systems after randomly distributing samples in 2 groups. Specimen teeth were 
sectioned in bucco‑lingually direction and images were taken under stereomicroscope and transferred to AutoCAD Soft-
ware2020.
Statistical Analysis: Results were analyzed using Mann‑Whitney U test and one‑way analysis of variance test and post hoc 
Tukey‑HSD test (p<0.05).
Result:The mean percentage of remaining filling material was significantly higher in apical third of canal as compared to 
other thirds in both the groups. Post hoc tukey test showed that there was significantly higher residual filling material in all 
thirds of canals retreated with Endostar Re than Pro Taper universal group.
Conclusion: Pro Taper universal retreatment instruments were effective in removing root canal filling in all thirds of canal in 
comparison with Endostar retreatment instruments.
Keywords: Gutta percha removal, Pro Taper retreatment, Endostar retreatment.
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Group1:ProTaper Universal retreatment files system
ProTaper Universal retreatment files were used in crown-down manner 
in a brushing motion at constant speed of 500 rpm. D1 (tip of 0.30mm; 
9% taper) was used in the coronal third, D2(tip of 0.25; 8% taper) in the 
middle third, and D3 (tip of 0.20; 7% taper) in the apical third as speci-
fied by the manufacturer.

Group2: Endostar Re-endo rotary files system
Endostar RE Re-Endo Rotary files was used in crown-down manner in 
gentle up-and-down motion at constant speed of 150 rpm. Number 1 
file (tip of 0.30mm; 0.12% taper) was used in the coronal third. Number 
2(tip of 0.30mm; 0.08% taper), 3(tip of 0.30mm with 0.06%taper) and 4 
(tip of 0.30mm with 0.04% taper) files was sequentially used to reach up 
to the working length as recommended by the manufacturer.
Removal was considered complete in both groups when no filling ma-
terial was observed on removal of the files. In both the groups, canal 
was rinsed with 5 ml of 5% NaOCl between each instrument. One set of 
retreatment files was used for retreatment of five root canals. Files were 
cleaned regularly using air-water spray to remove obturation material 
and debris.
Each root canal was prepared, filled, and retreated by the same operator 
to reduce the interoperate variability 

Statistical Analysis:
The data collected was entered in Microsoft Excel and subjected to sta-
tistical analysis using Statistical Package for Social Sciences (SPSS,IBM 

version 20.0). The level of significance was fixed at 5% and p≤0.05was 
considered statistically significant. Kolmogorov- Smirnov test and Shap-
iro-Wilks test were employed to test the normality of data. Mann-Whit-
ney U test, Kruskal-Wallis and post hoc tukey analysis was performed 
for quantitative variables.

Results: 
The descriptive statistics, including mean and standard deviation were 
calculated for each group tested. The evaluation of mean canal cleanli-
ness (%) by different rotary instrumentations was done. An evaluation 
of canal cleanliness revealed significant differences (p value.001) for 
both the retreatment rotary instrumentation systems with significant-
ly higher cleanliness in coronal area when compared with the other 
two. (Table 1) With respect the comparison of canal thirds, the mean 
percentage of remaining filling material was significantly higher 
in apical third in all groups (p<0.05).In concern with mean canal 
cleanliness (%) by different retreatment rotary instrumentation with 
respect to coronal, middle and apical third Protaper retreatment ro-
tary group showed significantly (P<0.05) better results in cleaning 
efficacy as compared to Endostar retreatment rotary group {Table 
1(a) and (b)}. Comparative evaluation of the overall effectiveness of 
different rotary instrumentation system for gutta-percha removal 
from the root canal during endodontic retreatment results revealed sig-
nificant differences between the two systems (p value .001) with higher 
effectiveness for ProTaper rotary instrumentation system when com-
pared with Endostar (Table 2)

Rotary Instrument Area Mean + SD p value
Pro Taper Coronal 97.5+4.60 .001*

(s)Middle 87.10+13.74
Apical 76.25+14.83

Endostar Coronal 91.95+8.58 .001*
(s)Middle 67.30+14.18

Apical 67.45+9.25

Table 1: Evaluation of the mean canal cleanliness (%) in different areas by rotary instruments.

Coronal Middle Apical
Coronal ---- .022* .001*
Middle .022* ----- .016*
Apical .001* .016* -----

Table 1(a): Post hoc analysis – Pro taper

Area ProTaper Endostar p Value
Mean + SD Mean + SD

Coronal 97.5+4.60 91.95+8.58 .001*
(s)

Middle 87.10+13.74 67.30+14.18 .001*
(s)

Apical 76.25+14.83 67.45+9.25 .05*
(s)

Table 2: Comparison of the mean canal cleanliness (%) by different rotary instrumentation
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Discussion: In today’s era of advancements, dentist-
ry has come up with advanced armamentarium and 
newer technologies which have made nonsurgical 
retreatment more predictable and less cumbersome, 
thus making it a viable option over surgical Endodon-
tics. Nonsurgical retreatment is a non-invasive proce-
dure which primarily focuses on completely removing 
all the root canal filling material and re- establishing 
sterile condition of root canal to further receive an 
appropriate obturation8.Gutta-percha is one of the 
oldest and widely accepted obturating material in the 
root canal treatment and therefore it is considered as 
a gold standard material for root canal filling.9Vari-
ous techniques has been employed to fill gutta-per-
cha in the root canal but cold lateral compaction is 
the simplest, cost effective yet predictable and most 
commonly taught technique worldwide.10 As a conse-
quence of this gutta-percha and cold lateral compac-
tion was used in this study. Along with gutta-percha, 
sealers also play an important role in sealing of the 
remaining spaces and adhering gutta-percha to root 
canal wall. In the midst of sealers available in mar-
ket AH plus has been widely accepted due to its better 
adhesion properties with gutta-percha in root canal 
filling.11

Hand instruments are the most commonly utilized 
method for removal of gutta-percha with or without 
solvent. But this technique proves to be time con-
suming and unpredictable as it is more prone to mis-
haps such as canal transportation or ledge formations 
while the rotary technique is considered to be more 
time saving and safe for removal of well-condensed 
obturation.12

ProTaper universal retreatment files are used in many 
retreatment-based studies. As many studies agrees 
to the fact that Pro Taper universal retreatment files 
has better cleaning ability than other files in mar-
ket. Possible explanation to this might be because of 
large spirals being utilized to remove large amounts 
of gutta-percha in spirals around the instruments and 
its negative cutting angles and the lack of radial land 
might allow a cutting action rather than a planning 
action.13,14

In this study Endostar Re retreatment rotary system 
was used because it is recently introduced file system 
which consists of 4 files each has same tip size of 30 
with non-cutting tip but different taper and different 
cross section, File 1 and 2 has got k-file type cross sec-
tion with 4 cutting edges while file no, 3 and 4 have S 
type of cross section with 2 point contact by which it 

can cut 90 degree to canal wall.15

In this study single rooted mandibular premolar teeth 
were opted as it rules out the chance of root canal 
anatomy variations that can affect the final outcome 
of the study. All the teeth were decoronated to stan-
dardized workinglengthat16mm to minimize bias of 
varying working length as this was implied in pre-
vious studies.13 Shaping and cleaning was facilitated 
using a ProTaper universal NiTi file instead of hand 
file as NiTi rotary system poses less chances of errors 
in preparation and also, they are less time consum-
ing.12Shaping and cleaning was performed with stan-
dard protocol followed by obturation with cold later-
al compaction. Samples incubated at 37°C for 2 days 
to ensure and simulate complete setting of sealer at 
mouth temperature13.
Several techniques have been employed to analyse the 
remaining filling material in the canals such as com-
puted tomography16,17 and splitting the roots longitu-
dinally to view it under Stereomicroscope 18,19. In 
present study, the teeth were grooved longitudinally 
and split and stereomicroscope is used to visualize it 
and photo-graphs were taken as proposed in other 
studies.18,19

This method is considered to be a simple and efficient 
method for analyzing the root canal walls but it also 
has an objection, which is displacement of the filling 
material that might occur during splitting and affect 
the accuracy of scoring20.All the endodontic pro-
cedures were conducted by single operator to mini-
mize operator bias. This study also correlated to other 
studies that independent of the type and  technique 
of retreatment the highest amount of filling material 
was remained in apical portion as compared to cor-
onal and middle thirds of canal space 19-21. This can 
be attributed to anatomical variability and difficulty 
of instrumentation22. Coronal third depicted cleaner 
walls than middle and apical third. This can be be-
cause of wider diameter at coronal area and larger 
size and taper of retreatment file that was utilized for 
coronal section15.It has been observed that during re-
treatment with Endostar Re particularly initial files 
fails to quickly penetrate the coronal gutta-percha as 
this system poses non-active tip design. Gutta-percha 
was pushed laterally rather than transporting shred-
ded gutta- percha coronally.This can be attributed to 
geometrical cross-sectional design of the Endostar ro-
tary file. In Endostar RE file no 1 and 2 have K-type 
of cross section that is square in shape which will give 
the file negative rake angle which in turn will result in 
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scrapping rather than cutting action. Square cross sec-
tion will also contribute to less chip space which will 
result in less auguring of debris in coronal direction15.
According to results of this study irrespective of ro-
tary system used remnants of gutta-percha were seen 
present in coronal, middle, apical third of the canal. 
In this study efficacy of removal of canal filling ma-
terial from coronal, middle and apical third of canal 
was evaluated. With regards to mean canal cleanliness 
in coronal third as compared to the middle and api-
cal region was superior and found to be statistically 
significant (p value .001).In context of ProTaper uni-
versal Rotary retreatment file it has been observed 
that there was significant difference in the mean ca-
nal cleanliness between coronal, middle and apical 
third of canal space (P<0.05).While as with respect to 
Endostar rotary instrumentation there was significant 
difference for all the areas except between middle and 
apical area.(p=.001)
In further evaluation of cleaning efficacy between two 
file systems, it was revealed that ProTaper Universal 
Retreatment rotary file system performed significant-
ly better in the coronal, middle and apical thirds of ca-
nals space, nevertheless appertaining to comparison 
of overall combined efficacy between both file system 
ProTaper universal retreatment rotary file exhibited 
significantly better result as compared to Endostar RE 
rotary file system(p value.001) this can be attribut-
ed to geometrical cross section and active tip design 
of ProTaper instruments. No instrument separation 
occurred during this study that can be attributed to 
straight canal anatomy. The use of these files in curved 
canals cannot be correlated to results of this study. 22-23
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