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Atomic force microscopy and scanning electron microscopy evaluation of 
efficacy of scaling and root planing using magnification: A randomized 
controlled clinical study
Ranjana Mohan, SudhanShu agRawal1, Mohan gundappa2

Abstract
Aim: A randomized controlled clinical study was undertaken to evaluate the effectiveness of scaling and root planing (SRP) by 
using Magnifying Loupes (ML) and dental operating microscope (DOM). Materials and Methods: A total of 90 human teeth 
scheduled for extraction from 18 patients aged between 25 and 65 years suffering from generalized chronic severe periodontitis 
were randomly assigned to three treatment groups. Group 1 consisted SRP performed without using magnification (unaided), 
Group 2‑SRP with ML and Group 3‑SRP with DOM. Following extractions, samples were prepared for (i) evaluation of surface 
topography by atomic force microscopy, (ii) presence of smear layer, debris by scanning electron microscopy (iii) elemental analysis 
by energy dispersive X‑ray analysis. Data was subjected to statistical analysis using analysis of variance, post‑hoc (Tukey‑HSD) 
and Chi‑square test. Results: Statistically significant (P < 0.001) difference was found among the different treatment groups. 
Group 3 was the best while Group 1 was the least effective technique for SRP. Order of efficacy in terms of the surface was found 
to be ‑ Palatal < Lingual < Distal ~_ Mesial < Buccal. Efficiency in mandibular to maxillary teeth was found to be significant (P < 0.05), 
also anterior to posterior teeth (P < 0.05). Conclusion: Magnification tools significantly enhance the efficacy of supragingival 
and subgingival SRP.
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Introduction

The goals of periodontal therapy are to alter or eliminate the 
microbial ecology and contributing risk factors for periodontitis, 
thereby arresting the progression of disease and preserving 
the dentition in health, comfort and function with appropriate 
aesthetics and to prevent the recurrence of periodontitis.[1]

Scaling and root planing (SRP) is one of the most 
commonly utilized conservative procedures for the 
treatment of periodontal diseases and has been used 

as the “gold standard” therapy in comparison to other 
therapeutical procedures.[2] The traditional modality as 
an initial periodontal treatment phase is to perform SRP 
by jaw quadrant at a series of appointments.[3] Corbet 
EF[4] in 1977 set forth the rationale for root planing such 
as root smoothness, removal of diseased cementum and 
preparation for new attachment. It is necessary because 
deposits of calculus on root surfaces are frequently 
embedded in cemental irregularities, which contain 
bacterial endotoxins that penetrate into the cementum. 
Therefore, careful subgingival SRP is an effective means to 
eliminate gingivitis and reduce the probing depth even at 
sites with initially deep periodontal pockets.[5-7]

The world of periodontics has seen a rapid change in the 
last 30 years with ever improving treatment modalities. 
New diagnostic instruments and surgical techniques 
were embraced by the periodontists all over the world. 
Vast array of instruments and equipments such as micro 
ultrasonics, endoscope, Lasers and magnification tools are 
available to achieve a biologically acceptable root surface. 
However, there is still a lack of information regarding the 
efficacy of SRP by using magnification. Magnification is 
becoming an increasingly important requirement for high 
quality contemporary dentistry. Magnifying Loupes (ML), 
dental operating microscope (DOM) are the common 
magnification tools used in the dental practice, providing 
distinct advantages to the clinician such as illumination, 
magnification and increased precision in the delivery of 
operating skills.[8]
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Limited data is available in the literature regarding the use of 
magnification for performing SRP. Hence, the present research 
was undertaken to evaluate the efficacy of supragingival and 
subgingival SRP with and without the use of ML and DOM, 
based on the results of microanalysis of root surface post SRP, 
by scanning electron microscopy (SEM), elemental analysis 
of root surface by energy dispersive X-ray analysis (EDAX) 
and micro morphology of root surface by atomic force 
microscopy (AFM).

Materials and Methods

Study was conducted in the Department of Periodontology. 
Ethical clearance was obtained from the Institutional 
Ethics Committee in accordance with the declaration of 
Helsinki. Patients were explained about the procedure 
to be performed and the consent was obtained. Detailed 
case history of all patients was recorded. Supragingival 
and Subgingival SRP were performed on the teeth to be 
extracted.

Study design
A randomized controlled clinical study consisting of 90 
human teeth scheduled for extraction from 18 patients aged 
between 25 and 65 years suffering from generalized chronic 
severe periodontitis were randomly assigned to following 
three treatment groups with inclusion and exclusion criteria.
Group 1:  SRP performed by magnetostrictive ultrasonic 

scaler (Cavitron, Dentsply) followed by hand 
instruments with sharp Gracey curettes and 
Subgingival scalers (Hu-Friedy) without using any 
magnification device, i.e., unaided

Group 2:  SRP performed by magnetostrictive ultrasonic 
scaler (Cavitron, Dentsply) followed by hand 
instruments with sharp Gracey Curettes and 
Subgingival Scalers (Hu-Friedy) with the help of 
ML of magnification ×4.5 to ×5.5 (Microsurgery 
Instruments Co: Texas)

Group 3:  SRP performed by magnetostrictive ultrasonic 
scaler (Cavitron, Dentsply) followed by hand 
instruments with sharp Gracey Curettes and 
Subgingival Scalers (Hu-Friedy) with DOM of 
magnification ×3.5, ×5.0, ×8.5, ×13.5, ×20.5 
(3D Medical Systems, USA).

Inclusion criteria
•  Patients with good general health, aged between 25 

and 65 years suffering from generalized chronic severe 
periodontitis

•  Teeth scheduled for the extraction having 8‑10 mm 
attachment loss

• Caries free teeth
• Teeth without wasting diseases or cervical restorations.

Exclusion criteria
• Patients allergic to local anesthesia

• Endodontically involved teeth
• Pregnant women.

Before extracting the teeth, area was marked with the help 
of a round bur, making a first linear groove at the location of 
the gingival margin to designate supragingival area, (distance 
between cementoenamel junction and the marked groove). 
Teeth were then extracted avoiding trauma to the root surface 
and were placed in 1% methylene blue for 2 min to stain the 
attached tissues and second linear groove was marked at the 
level of junctional epithelium demarcating the subgingival 
area (distance between the first and second groove). Teeth 
in three different groups were then placed in normal saline 
and transported for AFM and SEM along with EDAX analysis. 
Samples from all surfaces, supragingival and subgingival area 
were selected and a 1 mm × 2 mm × 1 mm thick slice of 
each surface and area to be analyzed was cut with the help of 
diamond disc. SEM and EDAX analysis was carried out. AFM 
was carried out at Department of Physics, Indian Institute of 
Technology, Delhi for topographic analysis. All the images 
and graphs were obtained by AFM explorer manufactured 
by Veeco-Thermo Microscopes (USA) with using contact 
mode with tips from silicon nitride (type 1520-00, Veeco). 
Maximum measurable changes of the surface profile had been 
measured for obtaining images with in 10 µm × 10 µm with 
in the center of each section put on the stage.

AFM surface roughness evaluation
To define surface topography of sample, the following 
parameters were evaluated.[9]

•  Ra, which is the mean arithmetic roughness determined 
as the mean deviation of a section profile from the mean 
line by application of equation 1, where L is the length 
of the section and fx is the displacement function:

  ∫
L

0

1
Ra = f(x)dx

L
 (1)

• Ry is the distance between peak maximum and valley 
minimum in a reference length of the roughness profile. 
Although this parameter provides a measure of the 
distance apart of the highest peak and the lowest valley 
at a specified location in the profile, the two reference 
features may not be related and Ry may thus indicate an 
erroneous view of the surface.
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Rz = pi+ vi . (2)

• Rz is the mean distance between five peak maximums and 
five valley minimums. Obtained by application of equation 
2 where pi and vi refer to the ith peak and valley, respectively

• Rms is the standard deviation between the x and y axes 
of a prescribed area as given by equation 3

• Rp is the distance between the surface line and the 
maximum peak in the prescribed area

• Ry is the distance between the surface line and the 
minimum valley in the prescribed area.
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Sample preparation for SEM and EDAX evaluation
Sections of all samples were stored in normal saline to 
avoid dehydration and evaluated by SEM along with EDAX. 
Photographs of the central portion of each specimen were 
taken at ×3200 magnification by SEM (LEO 430 USA). SEM 
examination was performed by a single blinded examiner. 
Element analysis of root surface was performed by EDAX. The 
number and energy of the X-rays emitted from a specimen 
can be measured by an energy-dispersive spectrometer. As 
the energy of the X-rays is characteristic of the difference in 
energy between the two shells and of the atomic structure 
of the element from which they were emitted, this allows 
the elemental composition of the specimen to be measured. 
Comparison of mean values of minerals in different groups was 
also compared with normal root (without calculus – negative 
control) and subgingival calculus (positive control) values.

The parameters evaluated were: Surface morphology (regular, 
irregular or flaky surface), presence or absence of smear 
layer, debris, calculus, scratches and the opening of dentinal 
tubules.

Grading
The grades are given as follows:[10]

Grade I:  Absence of visible debris and plaque, with good 
exposure of dentinal tubules and no evidence of 
remaining smear layer

Grade II:  No visible debris; no exposure of dentinal tubules; 
and presence of smear layer

Grade III:  Presence of visible debris and plaque all over the 
scanned area; no visible tubuli; and smear layer 
present on the entire surface.

All observations were tabulated by a single observer and were 
subjected to statistical analysis using Statistical Package for Social 
Sciences 15.0. The Chi-square, analysis of variance (ANOVA) and 
Tukey HSD tests were used to compare the within the group and 
between group variances among the study groups.

Results

Group 1 sample
Topographic analysis by AFM of post SRP, unaided group 
sample revealed the presence of debris, calculus and 
scratches all over the surface [Figure 1]. SEM analysis of the 
same group showed the presence of visible debris all over the 
scanned area, smear layer present on the entire surface and 
no visible dentinal tubules at magnification ×3200 [Figure 2] 
and EDAX analysis revealed maximum levels of mineral 
contents for magnesium (Mg), potassium (K) and minimum 
P on the surface in weight% as shown in [Figure 3].

Group 2 sample
Topographic analysis by AFM of post SRP, ML sample revealed 
the presence of smear layer with opening of dentinal tubules 
at some places [Figure 4]. SEM analysis of the same group 

showed no visible debris, with some opening of dentinal 
tubules and presence of smear layer on the surface at 
magnification ×3200 [Figure 5] and EDAX analysis revealed 
mineral contents on the surface of ML sample in weight% as 
shown in [Figure 6].

Group 3 sample
Topographic analysis by AFM of post SRP, DOM sample revealed 
clear surface with opening of dentinal tubules all over the surface 
[Figure 7]. SEM analysis of the same group showed absence of 
visible debris with good exposure of dentinal tubules and no 
evidence of remaining smear layer at magnification ×3200 
[Figure 8] and EDAX analysis revealed complete elimination of 
diseased cementum as shown in [Figure 9].

EDAX results using ANOVA for mineral levels in different groups 
is shown in Table 1, revealing statistically significant intergroup 

Figure 1: Topographic analysis by atomic force microscopy 
of post scaling and root planing of unaided group reveals the 
presence of debris, calculus and scratches all over the surface

Figure 2: Scanning electron microscopy analysis of the post 
scaling and root planing of unaided group shows the presence 
of visible debris all over the scanned area, smear layer 
present on the entire surface and no visible dentinal tubules 
at magnification ×3200
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differences (P < 0.05) for magnesium-potassium (Mg-K) and 
calcium/magnesium (Ca/Mg).

Multiple comparisons using Tukey HSD test in Table 2, 
for phosphorus-potassium (PK), calcium-potassium (CaK) 
and calcium/phosphorus (Ca/P), didn’t reveal a statistically 

significant difference (P > 0.05). For Mg-K, the mean value 
obtained for unaided was significantly higher as compared to 
both Loupe and DOM; no statistically significant difference 
was seen between unaided and Loupe groups. For Ca/Mg 
too, mean value of DOM group was significantly higher as 
compared with unaided and Loupe groups while there was 
no significant difference between unaided and ML groups.

Figure 3: Energy dispersive X‑ray analysis of the post scaling 
and root planing of unaided group reveals maximum levels of 
mineral contents for Mg, K and minimum P in weight%

Figure 4: Topographic analysis by atomic force microscopy 
of post scaling and root planing, Magnifying Loupes sample 
reveals the presence of smear layer with opening of dentinal 
tubules at some places

Figure 5: Scanning electron microscopy analysis of the post 
scaling and root planing of Magnifying Loupes group shows 
no visible debris, with some opening of dentinal tubules and 
presence of smear layer on the surface at magnification ×3200

Figure 6: Post scaling and root planing, energy dispersive X‑ray 
analysis reveals mineral contents on the surface of Magnifying 
Loupes sample in weight%
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One sample t-test was used to calculate significance of difference 
from controls shown in Table 3. For Mg-K, all the three groups 
had significantly higher mean value as compared with negative 
control (P < 0.05), the significance of difference was very highly 
significant for unaided and ML groups (P < 0.001) while for 
DOM group it was just significant (P = 0.020). As compared 
with positive control, all three groups had significantly lower 

mean values. The difference from positive control was highly 
significant for unaided group (P = 0.003) while for ML and DOM 
groups it was very highly significant (P < 0.001).

Figure 8: Post scaling and root planing, scanning electron 
microscopy analysis of dental operating microscope group 
showed absence of visible debris with good exposure of 
dentinal tubules and no evidence of remaining smear layer at 
magnification ×3200

Figure 9: Post scaling and root planing, energy dispersive 
X‑ray analysis of dental operating microscope group revealed 
mineral values indicating complete elimination of diseased 
cementum

Figure 7: Topographic analysis by atomic force microscopy 
of post scaling and root planing, dental operating microscope 
sample revealed clear surface with opening of dentinal tubules 
all over the surface

Table 1: ANOVA for mineral levels in different groups

Various mineral 
levels

Sum of 
squares

df Mean 
square

F Significant

Mg-K

Between groups 4.506 2 2.253 19.067 <0.001

Within groups 1.418 12 0.118

Total 5.924 14

PK

Between groups 6.615 2 3.307 1.840 0.201

Within groups 21.570 12 1.798

Total 28.185 14

CaK

Between groups 2.611 2 1.306 2.081 0.168

Within groups 7.528 12 0.627

Total 10.140 14

Ca/P

Between groups 0.065 2 0.032 2.554 0.119

Within groups 0.152 12 0.013

Total 0.217 14

Ca/Mg

Between groups 885.754 2 442.877 11.779 0.001

Within groups 451.171 12 37.598

Total 1336.925 14
EDAX results using analysis of variance (ANOVA), for mineral levels in 
different groups, reveals statistically significant intergroup differences 
(P<0.05) for magnesium-potassium (Mg-K) and calcium/magnesium 
(Ca/Mg); Ca/P: Calcium/phosphorus; CaK: Calcium-potassium; 
PK: Phosphorus-potassium; ANOVA: Analysis of variance
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For PK, all three groups had no statistically significant 
difference from negative control (P > 0.05). However, 
as compared with positive control, DOM group had 
significantly higher mean value (P = 0.006) while the 
other two groups did not show a statistically significant 
difference.

For CaK, all the three groups had significantly lower 
mean value as compared with negative control (P < 0.05), 
however for positive control, unaided group did not 
show a significant difference (P = 0.775) while the mean 
value of ML and DOM groups were significantly lower 
(P < 0.05).

For Ca/P, the mean value of unaided group and ML group 
was not significantly different from either positive control or 
negative control. However, for DOM group the mean value 
showed no significant difference from negative control, 
but the difference from positive control was significant 
statistically (P = 0.022).

For Ca/Mg, all the three groups had statistically significant 
differences from both positive and negative controls 
(P < 0.05).

Grade distribution in three groups is depicted in Table 4. 
Entire 240 specimens in DOM group were graded as I, 

Table 2: Multiple comparisons using (Tukey HSD) test

Dependent variable (I) group (J) group Mean difference (I-J) Standard error Significant 95% confidence interval

Upper bound Lower bound

Mg-K UNAIDED ML 0.428 0.217 0.162 −0.152 1.008

DOM 1.316 0.217 <0.001 0.736 1.896

ML UNAIDED −0.428 0.217 0.162 −1.008 0.152

DOM 0.888 0.217 0.004 0.308 1.468

DOM UNAIDED −1.316 0.217 <0.001 −1.896 −0.736

ML −0.888 0.217 0.004 −1.468 −0.308

PK UNAIDED ML −0.402 0.848 0.885 −2.664 1.860

DOM −1.566 0.848 0.197 −3.828 0.696

ML UNAIDED 0.402 0.848 0.885 −1.860 2.664

DOM −1.164 0.848 0.385 −3.426 1.098

DOM UNAIDED 1.566 0.848 0.197 −0.696 3.828

ML 1.164 0.848 0.385 −1.098 3.426

CaK UNAIDED ML 0.892 0.501 0.217 −0.444 2.228

DOM 0.878 0.501 0.227 −0.458 2.214

ML UNAIDED −0.892 0.501 0.217 −2.228 0.444

DOM −0.014 0.501 1.000 −1.350 1.322

DOM UNAIDED −0.878 0.501 0.227 −2.214 0.458

ML 0.014 0.501 1.000 −1.322 1.350

Ca/P UNAIDED ML 0.052 0.071 0.751 −0.138 0.242

DOM 0.158 0.071 0.108 −0.032 0.348

ML UNAIDED −0.052 0.071 0.751 −0.242 0.138

DOM 0.106 0.071 0.331 −0.084 0.296

DOM UNAIDED −0.158 0.071 0.108 −0.348 0.032

ML −0.106 0.071 0.331 −0.296 0.084

Ca/Mg UNAIDED ML −5.002 3.878 0.427 −15.348 5.344

DOM −18.216 3.878 0.001 −28.562 −7.870

ML UNAIDED 5.002 3.878 0.427 −5.344 15.348

DOM −13.214 3.878 0.013 23.560 −2.868

DOM UNAIDED 18.216 3.878 0.001 7.870 28.562

ML 13.214 3.878 0.013 2.868 23.560
Multiple comparisons using tukey HSD test in Table 2, for phosphorus-potassium (PK), calcium-potassium (CaK) and calcium/phosphorus (Ca/P), did not 
reveal a statistically significant difference (P>0.05). For Mg‑K, the mean value obtained for unaided was significantly higher as compared to both ML and DOM 
No statistically significant difference was seen between unaided and ML groups. For Ca/Mg too, mean value of DOM was significantly higher as compared 
to unaided and ML while there was no significant difference between unaided and ML groups; Mg‑K: Magnesium‑potassium; Ca/Mg: Calcium/magnesium; 
DOM: Dental operating microscope; ML: Magnifying loupes
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all 240 specimens in Loupe group were graded as II and 
all the specimens in unaided group were graded as III. 
There was a statistically significant difference among the 
groups (P < 0.001).

Table 5 analyzes the efficacy of SRP in mandibular to 
maxillary arch. Other than visibility of dentinal tubules, 
mandibular teeth showed significantly higher values for the 
visibility of other parameters as compared with the maxillary 
teeth (P < 0.05).

Order of efficacy in terms of the surface was found to 
be-Palatal < Lingual < Distal ~_ Mesial < Buccal as 
shown in Table 6. Visibility of all the parameters other than 
dentinal tubules and debris, mesial and palatal surface showed 
higher values as compared to other aspects (P < 0.05). No 
significant difference in visibility of debris was seen among 
different surfaces (P = 0.675).

The proportion of Grade I and Grade II results was higher in 
lingual aspect as compared to all the other aspects while the 
proportion of Grade III results was higher in palatal aspect 
as compared to other aspects.

Results of SEM analysis for the efficacy of SRP, in anterior 
to posterior teeth at ×3200 are depicted in Table 7. Other 
than dentinal tubules and debris, for all the other parameters 
the visibility in anterior teeth was significantly lower as 
compared to posterior teeth (P < 0.05). No significant 
difference in visibility of debris was seen between two 
groups (P = 0.968). The visibility of dentinal tubules was 
significantly higher in anterior teeth as compared to posterior 
teeth. On the basis of above findings, the order of efficacy 
was anterior > posterior.

Significant statistical difference was not found between 
subgingival and supragingival areas in terms of debris smear 
layer, calculus, scratches and visibility of dentinal tubules 

while analyzing for efficacy of SRP in the area as shown in 
Table 8. On the basis of above findings, both areas were 
found to be equally effective when root planing was done in 
higher magnifications.

DOM group was proved to be the best while unaided group 
was the least effective technique as far as the cleaning 
efficiency was concerned. Mandibular teeth were more 
efficiently managed as compared to maxillary teeth while 
anterior teeth were more efficiently managed as compared 
to posterior teeth. Buccal surfaces were most effectively 
cleaned followed by mesial, distal, lingual and least effective 

Table 3: Comparison of mean values of minerals in different groups as compared to normal root without 
calculus (negative control) and subgingival calculus (positive control) values

Mineral −ve control +ve control Significance of difference from control (P value)

Unaided (n=5) Loupe (n=5) DOM (n=5)

−ve control +ve control −ve control +ve control −ve control +ve control

Mg-K 1.01 4.08 <0.001 0.003 <0.001 <0.001 0.020 <0.001

PK 30.17 29.4 0.172 0.783 0.271 0.801 0.289 0.006

CaK 63.9 61.33 0.036 0.775 <0.001 0.005 0.001 0.048

Ca/P 2.04 2.09 0.217 0.531 0.449 0.881 0.111 0.022

Ca/Mg 63.2 15.32 <0.001 0.002 <0.001 0.001 0.006 0.005
One sample t‑test was used to calculate significance of difference from controls shown in Table 3. For MgK, all the three groups had significantly higher mean 
value as compared to negative control (P<0.05), the significance of difference was very highly significant for unaided and ML groups (P<0.001) while for 
DOM group it was just significant (P=0.020). The difference from positive control was highly significant for unaided group (P=0.003) while for ML and DOM 
groups it was very highly significant (P<0.001). For PK, all the three groups had no statistically significant difference from negative control (P>0.05). CaK all 
the three groups had significantly lower mean value as compared to negative control (P<0.05). In DOM group the mean value for Ca/P showed no significant 
difference from negative control but the difference from positive control was statistically significant (P=0.022). For Ca/Mg all the three groups had statistically 
significant differences from both positive and negative controls (P<0.05); Mg-K: Magnesium-potassium; PK: Phosphorus-potassium; CaK: Calcium-potassium; 
Ca/P: Calcium/phosphorus; Ca/Mg: Calcium/magnesium

Table 4: Grade comparison between the groups

Grade Unaided (n=240) Loupe (n=240) DOM (n=240)

No. % No. % No. %

I 0 0 0 0 240 100

II 0 0 240 100 11 4.58

III 240 100 0 0 0 0
2=1440; P<0.001. Entire 240 specimens in DOM group were graded as I, 
all 240 specimens in Loupe group were graded as II and all the specimens 
in unaided group were graded as III. There was a statistically significant 
difference among the groups (P<0.001). DOM: Dental operating microscope

Table 5: Efficacy of scaling and root planing in 
mandibular and maxillary teeth

Parameter Mandibular 
(n=488)

Maxillary 
(n=212)

χ2 P

No % No %

Debris 322 65.98 169 72.84 3.413 0.065

Smear layer 196 40.16 115 49.57 5.669 0.017

Calculus 186 38.11 114 49.14 7.861 0.005

Scratches 186 38.11 114 49.14 7.861 0.005

Dentinal tubules 314 64.34 125 53.88 7.237 0.007
Other than visibility of dentinal tubules, mandibular teeth showed significantly 
higher values for the visibility of other parameters as compared to maxillary 
teeth (P<0.05)
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was palatal. Supragingival and subgingival SRP were equally 
effective when performed under magnification.

Discussion

Removal of supra and sub gingival plaque and calculus along 
with the reduction of inflammation is the most important 
factor and always a primary goal of periodontal therapy. 
Traditional techniques involve blind, closed subgingival SRP 
or a flap for access surgery. Numerous studies indicated 
the difficulty in removing these accretions to the point 
that histologic manifestations of chronic inflammation 
are eliminated.[2-5] Deeper the pocket, the harder it is to 
instrument the area.

Closed SRP give good short term clinical results with 
shrinkage of pockets and a decrease in gingival inflammation 
but symptoms often slowly return. This is attributed to 
incomplete removal of subgingival plaque and calculus. 
Ultrasonic instrumentation has more advantages over hand 
instrumentation. SRP along with surgical approach may 
often yield better results, but it generally has greater post 
treatment morbidity and greater recession than nonsurgical 
approach. Closed root planing using an endoscope could 
produce the positive results clinically and histologically.[10-15]

The present study reveals the effectiveness of SRP under 
different magnifications using ML and DOM. Microanalysis of 
root surface was performed by using SEM, EDAX and AFM to 
study the root surface characteristics, elements and topography 
respectively, also discloses that SRP under magnification is more 
effective. Various studies have demonstrated the application of 
AFM for the investigations of ultra-morphology of superficial 
and deep dentin.[9,11,14] Selvig used a transmission electron 
microscope to observe alterations within cementum.[16]

EDAX results of the present study for levels of Mg and 
K showed that Group 1 had maximum levels followed by 
Group 2 and Group 3. However, for P and K, the order was 
just reverse with Group 1 showing minimal and Group 3 
showing maximum values. For Ca and K, there was not much 
difference yet Group 1 had maximum value and Group 2 had 
minimum value. For Ca/P ratio, Groups 1 and 2 had very close 
values while Group 3 had minimum value. For Ca/Mg ratio, 
the differences were most evident, showing minimum value 
in Group 1 and maximum value for Group 3.

The most common elements detected on the root surface 
by EDAX, were P, Ca, Cu, Zn and Mg, while the few other 
elements detected, were sodium (Na), chlorine (Cl), K, 
aluminum (Al) and sulfur (S). It seems reasonable that there 
could be different elemental make-ups of hard tissue, even to 
the density and concentration of such constants as Ca and P. 
Concentrations did not vary to a great extent within the same 
root. Perhaps deep within the periodontal pocket, it is the 
organic phase of cementum that is affected by periodontal 
disease, but not the mineral phase as shown in various other 
studies.[17-22] Presence of minerals such as Cu, Zn and Mg are 
normal inorganic structures found in cementum of diseased 

Table 6: SEM analysis for efficacy of scaling and root planing in different aspects of teeth at ×3200

Parameter Buccal (n=180) Distal (n=180) Lingual (n=124) Mesial (n=180) Palatal (n=56) χ2 P

N % N % N % N % N %

Debris 120 66.7 120 66.7 90 72.6 120 66.7 41 73.2 2.332 0.675

Smear layer 60 33.3 60 33.3 90 72.6 60 33.3 41 73.2 85.609 <0.001

Calculus 60 33.3 60 33.3 80 64.5 60 33.3 40 71.4 62.473 <0.001

Scratches 60 33.3 60 33.3 80 64.5 60 33.3 40 71.4 62.473 <0.001

Dentinal tubules 120 66.7 120 66.7 56 45.2 120 66.7 23 41.1 29.705 <0.001
Order of efficacy in terms of surface was found to be‑palatal<lingual<distal~_mesial<buccal. SEM: Scanning electron microscopy

Table 7: SEM analysis for efficacy of scaling and root 
planing in anterior/posterior teeth at ×3200

Parameter Anterior 
(n=576)

Posterior 
(n=144)

χ2 P

No. % No. %

Debris 393 68.2 98 68.1 0.002 0.968

Smear layer 231 40.1 80 55.6 11.209 0.001

Calculus 222 38.5 78 54.2 11.571 0.001

Scratches 222 38.5 78 54.2 11.571 0.001

Dentinal tubules 365 63.4 74 51.4 6.947 0.008
The visibility of dentinal tubules was significantly higher in anterior teeth as 
compared to posterior teeth. Confirming order of efficacy, anterior>posterior. 
SEM: Scanning electron microscopy

Table 8: SEM analysis for efficacy of scaling and root 
planing in subgingival and supragingival area at ×3200

Parameter Subgingival 
(n=360)

Supragingival 
(n=360)

χ2 P

No. % No. %

Debris 251 69.7 240 66.7 0.775 0.379

Smear layer 161 44.7 150 41.7 0.685 0.408

Calculus 150 41.7 150 41.7 0 1

Scratches 150 41.7 150 41.7 0 1

Dentinal tubules 229 63.6 210 58.3 2.107 0.147
Significant statistical difference was not found between subgingival and 
supragingival areas in terms of debris smear layer, calculus, scratches and 
visibility of dentinal tubules while analyzing for efficacy of scaling and root 
planing. SEM: Scanning electron microscopy
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and non-diseased root. This observation is in consistent with 
findings obtained by Barton and Van Swol,[23] which stated 
that any differences in the elements concentration noted 
within the root structure could be due to the concentration 
of these ions in body fluids during tooth formation. It is also 
possible that the dietary intake and ion exchange after tooth 
eruption could be reflected within the roots.

It was observed from the present study that magnification 
tools significantly enhance the efficacy of supra gingival and 
sub gingival SRP. Magnifying loupe with limited magnification 
showed better results than the unaided group. DOM proved 
to be the best aid in producing smooth root surface free of 
debris, calculus, scratches etc., and eliminating diseased 
cementum effectively.
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