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Abstract
Background and aims. Previous researches, conducted mostly on extracted teeth, have shown that efficacy of calculus
removal decreases with increasing pocket depth, but there is still a lack of clinical studies concerning the correlation between residual calculus and varying pocket depths. The objective of the present clinical study was to assess the efficiency
of mechanical tooth depuration by closed approach in terms of pocket depth, tooth type and tooth surface.

Materials and methods. Fifty subjects with chronic periodontitis underwent scaling and root planing by closed approach. After instrumentation, 225 teeth (92 single-rooted and 133 multi-rooted) with pocket depths of 4 mm and 5‒8 mm
were evaluated for calculus-positive surfaces by surgical flap elevation. Residual calculus was assigned a score from 1 to 3
based on the distance in mm from CEJ or furcation.

Results. 11.4% of surfaces were calculus-positive. On inter-pocket depth comparison, calculus-positive surfaces were present in both single- and multi-rooted teeth, with no significant differences. Residual calculus score 1 was significantly associated with a pocket depth of 4 mm and scores 2 and 3 with pocket depths 5‒8 mm in overall distribution and for multi-rooted
teeth.

Conclusion. During mechanical tooth depuration by closed approach, no significant correlation was found between percentages of calculus-positive surfaces and increasing pocket depth.
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Introduction

C

alculus is almost always covered by a layer of
plaque.1 Previous research has shown that both

sterilized and unsterilized calculi are capable of initiating an immuno-inflammatory response.2 Presence
of calculus even after thorough mechanical tooth
depuration (scaling and root planing) provides a hin-
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drance to the regeneration of periodontal tissues.
Therefore, its removal is the first step in the chronologic sequence of periodontal treatment. It has
been reported that small areas of calculus are often
left behind with anywhere from 3% to 80% of instrumented root surfaces with varying pocket depths
from 3 to 8 mm.3-11 The core of the present study is
to assess the efficiency of mechanical tooth depuration by closed approach in terms of pocket depth,
tooth type and tooth surface.
Materials and Methods
Selection of Subjects
Fifty subjects with chronic periodontitis were recruited from the Outpatient Department of Periodontology, Faculty of Dental Sciences, Chhatrapati Shahuji Maharaj Medical University, Lucknow, Uttar
Pradesh, India. The subjects were selected based on
the following inclusion criteria: non-compromised
systemic health, presence of subgingival calculus
and probing pocket depth of ≥4 mm. Exclusion criteria: teeth with root surface caries or any subgingivally placed restoration, tooth/teeth with gingival
recession and subjects undergone periodontal surgery within the last 6 months. All the subjects were
informed about the study and were asked to sign a
written informed consent form. The study protocol
was approved by the Ethics Board of the institution.
Clinical Parameters
Pre-treatment: Probing pocket depth: It was recorded at baseline with the help of a UNC-15 periodontal probe at six sites around each tooth (buccal,
lingual, mesiobuccal, mesiolingual, distobuccal and
distolingual).
Post-treatment (After scaling root planing): (I) Calculus-positive surface score: measurements were
taken from the cementoenamel junction (CEJ) to the
apical border of the calculus on the instrumented
root surface and scores were assigned as follows:
Score 0=no calculus
Score 1=calculus at CEJ or ≤1 mm from the CEJ
Score 2=calculus >1 mm and ≤3 mm from the CEJ
Score 3=calculus >3 mm from the CEJ.
The final analysis was based on four surfaces of
buccal, lingual, mesial (mesiobuccal+mesiolingual)
and distal (distobuccal and distoloingual).
(II) Furcation score: Measurements were taken from
the furcation entrance to the apical border of the calculus with the UNC-15 periodontal probe and the
following scores were assigned:
Score 0 =no calculus

Score 1=calculus at the furcation entrance or ≤1 mm
from the furcation entrance
Score 2=calculus >1 mm and ≤3 mm from the furcation entrance
Score 3=calculus >3 mm from the furcation entrance
All the pre-treatment and post-treatment recordings
were carried out by a single trained examiner.
Instrumentation
All the subjects included in the study underwent a
meticulous mechanical tooth depuration with the
help of scalers and area-specific curettes until the
root surface felt smooth and glass hard to the explorer. The subjects were instructed in oral hygiene
procedures and were recalled after 4 weeks for reevaluation of probing pocket depths. Teeth with
probing pocket depths of 4‒8 mm were considered
only.
Dental Population
A total of 225 teeth (92 single-rooted and 133 multirooted) were included.
Surgical Procedure
After 4 weeks, flap surgery was planned only in
those areas with probing pocket depths of ≥4 mm.
The segment involved was anesthetized with 2% lignocaine with 1:80,000 adrenaline. The flap was elevated to gain access to root surfaces. After removal
of granulation tissue, each of the six root surfaces
was carefully examined for the calculus-positive
tooth surfaces. When calculus was detected, its location on the root and distances in millimeters from the
CEJ or furcation was determined. The left-over calculus was then removed and the surgical area was
thoroughly debrided. The flap was then repositioned
against the root surface, sutured with 3-0 silk sutures
and periodontal dressing was given. Medications and
postoperative instructions were given and the subjects were recalled after 7 days for the removal of
sutures.
Statistical Analysis
Data was analyzed using SPSS 17.0. Association
between calculus-positive tooth surfaces and varying
pocket depths were compared using chi-squared test.
Scorewise distribution (ordinal differences) of calculus-positive surfaces was compared in relation to
different pocket depths using Mann-Whitney U test.
The confidence level of the study was kept at 95%,
hence a "p" value less than 0.05 indicated statistically significant differences.
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Results
In overall distribution it was found that a total of
11.4% (103 out of 900) surfaces were calculuspositive (Table 1). Individually for single- and multirooted teeth 10.8% (40 out of 368) and 11.84% (63
out of 532) of surfaces were respectively calculuspositive. Furthermore, on inter-pocket depth comparison, calculus-positive surfaces were present in
both single- and multi-rooted teeth, with no significant differences (P>0.05). Maximum mesial surfaces
were calculus-positive as compared to other surfaces
and this trend was maintained for both pocket depths
of 4 mm and 5‒8 mm in single- and multi-rooted
teeth. 88.9% of surfaces with a pocket depth of 4
mm and 88.3% of surfaces with a pocket depth of
5‒8 mm were calculus-negative (Table 1).
Significant association (P<0.001) of score 1 was
observed in overall 30 surfaces and on 14 surfaces of
multi-rooted teeth with a pocket depth of 4 mm (Table 2). Unlike score 1, scores 2 and 3 were significant in pocket depths of 5‒8 mm in both overall distribution and on multi-rooted teeth. Insignificant distribution (P=0.105) of scores 1, 2 and 3 were present
on inter-pocket depth comparison in single-rooted
teeth. However, distribution of calculus scores were
significant (P < 0.01) when single-rooted teeth were
compared with multi-rooted teeth.
91.73% of furcations were calculus-negative (Figure 1). Amongst the 8.27% calculus-positive furcations, score 3 was present in 3.76% of furcations followed by score 1 (3.01%) and score 2 (1.50%).
Discussion
In 1886, G.V. Black gave the vision that “the most
important measure in the treatment of calcic inflammation of periodontal membrane and gums is the
removal of the concretions from the teeth and next
an arousing in the minds of the patient of an active

determination to keep them clean in future.”12 This
statement is as true today as it was in 1886 because
even now scaling and root planing remains an essential part of successful periodontal therapy.
Studies in the periodontal literature have addressed
the question of predictability of subgingival instrumentation and have reported that the efficacy of calculus removal decreases substantially with increasing pocket depth.3‒8,13 However, these findings were
mostly based on research conducted on extracted
teeth, and there is still a paucity of clinical studies
concerning this. Teeth with pocket depths of ≥4 mm
were selected for the present clinical study as previous reports have shown that complete removal of
calculus is more predictable in probing pocket depths
of ≥3 mm.5 Evaluation of the calculus-positive surfaces was based on visual inspection. This open approach method was less liable to the errors inherent
in the subjective judgment and also had advantages
of being objective, quick and easy in locating and
assessing the calculus-positive surfaces in terms of
probing depth. Detection of calculus beyond the visual limit was not attempted in this clinical study.
This method of scoring was in agreement with that
of Gelin et al14 but was different from several other
studies where residual calculus was detected under a
stereomicroscope after extraction of teeth.5‒9,13,,15,16
In the present study a total of 11.4% of surfaces
were calculus-positive after meticulous mechanical
tooth depuration (Table 1). Jones & O’Leary,17
Sherman et al,9 Buchanan et al,7 Gelin et al14 and
Brayer et al8 also reported that 18.75%, 19%, 24%,
26.8% and 32.5% of surfaces had residual calculus
in their respective studies. Fujikawa et al18 observed
histologically that out of 100 roots 10% showed residual calculus. Barnes & Schaffer,19 and Chan &
Needleman20 reported in their studies that 95% and
85% of the calculus was removed by hand scaling.
Almost similar results were obtained in our study

Table 1. Percentage distributions of calculus-positive tooth surfaces on 225 teeth in different pocket depths
Pocket depth in mm

Buccal
Overall (No. of teeth = 225; No. of surfaces=900)
4 mm (n=360)
7 (1.94%)
5‒8 mm (n=540)
10 (1.85%)
2=0.066 (df=1); p=0.798
Single-rooted (No. of teeth = 92; No. of surfaces=368)
4 mm (n=152)
3 (1.97%)
5‒8 mm (n=216)
4 (1.9%)
2=0.253 (df=1); p=0.615
Multi-rooted (No. of teeth = 133; No. of surfaces=532)
4 mm (n=208)
4 (1.92%)
5–8 mm (n=324)
6 (1.85%)
2=0.524 (df=1); p=0.469

Mesial

Tooth surfaces
Lingual

Distal

Total

16 (4.4%)
29 (5.40%)

8 (2.2%)
7 (1.3%)

9 (2.5%)
17 (3.1%)

40 (11.1%)
63 (11.7%)

8 (5.3%)
11 (5.1%)

2 (1.3%)
3 (1.39%)

5 (3.3%)
4 (1.9%)

18 (11.8%)
22 (10.2%)

8 (3.8%)
18 (5.6%)

4 (1.92%)
5 (1.54%)

6 (2.9%)
12 (3.7%)

22 (10.6%)
41 (12.7%)

*A total of 1350 surfaces of 225 teeth were examined (six surfaces per tooth: buccal, mesiobuccal, mesiolingual, distal, distobuccal, distolingual); the final
analysis was based on 900 surfaces (four surfaces per tooth: buccal, mesial, lingual and distal).
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with 88.6% of surfaces being calculus-negative.
A trend of more calculus-positive mesial surfaces
(overall = 9.80%, single-rooted = 10.4% and multirooted = 9.4%) was observed as compared to other
surfaces (Table 1). No association could be established between total calculus-positive surfaces and
pocket depths because of a minimal difference in
percentages of 0.6%, 1.6% and 2.1% in pocket
depths of 4 mm and 5‒8 mm in overall, single-rooted
and multi-rooted teeth, respectively (Table 1). Frisch
et al,21 Breinger et al,22 Sherman et al9 and Nagy et
al15 also believed that the amount of remaining root
calculus was not dependent on the pocket depth. In
contrast Waerhaug et al,4 Rabbani et al,5 Caffesse et
al,6 Buchanan et al,7 Brayer et al,8 and Fliescher et
al13 found a direct relationship between probing
pocket depth and residual calculus.
Overall as well as in multi-rooted teeth, a significant association was observed between calculus
scores and pocket depths (Table 2). In an overall distribution of calculus score, 75% of surfaces with a
pocket depth of 4 mm revealed score 1 calculus in
comparison to 33.3% in 5–8-mm pockets. In multirooted teeth, out of 22 surfaces 14 surfaces (63.6%)
displayed score 1. With increasing depth of pocket
(5‒8 mm) the percentage (19.5%) of residual calculus score 1 decreased. An inverse trend was observed
for higher calculus scores (score 2 and score 3) in
5‒8-mm pocket area. A large percentage of calculus
deposits in coronal pocket areas near CEJ were also
reported by Breininger et al.22 Gurgan et al23 also
found more significant calculus deposits in the coronal third of root surfaces as compared to the middle
third. Though a similar trend was present in
scorewise distribution in relation to pocket depth for
single-rooted teeth, the results were non-significant
(P=0.105). Similar findings were observed for multirooted teeth in a study conducted by Buchnan et al7
whereas Rabbani et al5 and Caffesse et al6 reported
no significant differences in percentages of residual

calculus between anterior and posterior teeth.
No conclusive results could be ascertained in case
of furcation as 122 out of 133 teeth were of incipient
type and only 11 showed frank furcations (Figure 1).
Out of these 11 teeth, calculus score 3 was most frequent in 5 teeth (3.76%). In sharp contrast to our
study, Wylam et al24 found 93.2% calculus deposits
in furcations treated with closed scaling and root
planing and Fleischer et al13 also reported calculusfree furcations in only 5% of the non-surgically
treated teeth.
The desired goal of mechanical tooth depuration is
to eliminate all the calcified deposits from periodontally involved root surfaces to reach a therapeutic
goal of a clean, smooth surface. A study by Waerhaug4 demonstrated that plaque covering calculus is
irritating to gingiva than the plaque alone. However,
none of the studies to date, including our present
study, showed 100% calculus-negative surfaces.
Complete removal of calculus was unattainable even
in a pocket depth of 4 mm, which could be attributed
to factors related to root topography, morphology of
calculus and lack of tactile sensitivity in detection of
calculus. Walker & Ash25 reported questionable ability to clinically detect subgingival calculus by subjective methods like the use of an explorer or a curette. Microscopically explorer tip used to evaluate
the root surfaces is actually larger than the edge
height of the burnished residual calculus, which
makes the clinical ability to detect small step differences between calculus and root surface extremely
difficult. Sherman et al9 showed that clinically only
19% of residual calculus was detected; however, on
microscopic examination 58% of surfaces were positive for calculus. Michaud et al16 documented a residual calculus of 15.7% despite the use of periodontal endoscope for scaling and root planing.
Based on these findings, for complete removal of
calculus it will be more rational to opt for an open
mechanical tooth depuration even in 4-mm-deep

Table 2. Scorewise distributions of calculus-positive surfaces in relation to different pocket depths
Pocket Depth
Overall (n=103 surfaces)
4 mm (n=40)
5‒8 mm (n=63)
z=4.402; p<0.001
Single-rooted (n=40 surfaces)
4 mm (n=18)
5‒8 mm (n=22)
z=2.099; p=0.105
Multi-rooted (n=63 surfaces)
4 mm (n=22)
5‒8 mm (n=41)
z=3.855; p<0.001
Single-rooted vs multi-rooted: z=3.663, p<0.01

1

Score
2

3

30 (75%)
21 (33.3%)

10 (25%)
29 (46.0%)

0
13 (20.6%)

16 (88.9%)
13 (59.1%)

2 (11.1%)
8 (36.4%)

0
1 (4.5%)

14 (63.6%)
8 (19.5%)

8(36.4%)
21(51.2%)

0
12 (29.3%)
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100.0

91.73

90.0
80.0

Percentage

70.0
60.0
50.0
40.0
30.0
20.0
10.0

3.01

1.50

Score 1

Score 2

3.76

0.0
Score 0

Score 3

Figure 1. Scorewise percentage distributions of calculus-positive furcations in 133 multi-rooted teeth.

pockets. This will avoid unnecessary harm to healthy
root structures by over-instrumentation, will obviate
the increased time and patient fatigue, and would
result in a more clinically acceptable root surface.

6.

Conclusion

7.

To conclude, within the limits of this study, no correlation was found between the percentages of calculus-positive surfaces and increasing pocket depth on
mechanical tooth depuration by closed approach.
Distribution of calculus scores was significant with
more coronal calculus deposits near CEJ (score 1)
for 4-mm pockets and higher scores of 2 and 3 for
pocket depths of 5‒8 mm. Mesial surfaces were
maximally calculus-positive as compared to other
surfaces. Tooth type influenced calculus score distribution, with significance for multi-rooted teeth. Relation between residual calculus deposits and pocket
depth could not be ascertained for furcations as
91.73% were of incipient type.
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