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Abstract
Objectives The aim of this study is to evaluate the effect of operators experience and skill on treatment results of initial non-
surgical periodontal therapy.
Materials and methods Initial periodontal treatment was carried out by either second-year periodontal residents (PR) or last year
dental students (DS). From the treatment records of patients in each group, plaque and bleeding indices, and pocket depth (PD) at
baseline and at re-evaluation were collected retrospectively on each tooth at six locations. Data were separated according to tooth
type, area, and probing depth categories, sub-grouped to 1–3, 4–5, and ≥ 6 mm.
Results Fifty and 49 records of DS and PR patients, accordingly, were analyzed. Initial periodontal treatment improved patient
compliance in both groups and reduced signs of inflammation with significantly superior results in the PR group. Significant
change in percentage of pockets was recorded in each category. The increase in percentage of sites with PD 1–3 mm and decrease
in percentage of PD ≥ 6 mm pockets was significantly (p ≤ 0.001) superior in patients treated by PR. Percentage of 4–5 mm
pockets was significantly reduced in both groups (p ≤ 0.01), with a significantly greater reduction in the mandibular molar and
anterior teeth in the PR group.
Conclusions Experience and skill significantly affect the outcome of non-surgical periodontal therapy, with more positive
improvement in patient compliance and clinical parameters when performed by a more qualified operator.
Clinical relevance Improvement of operator skills may decrease the number of residual pockets and increase patient compliance
following non-surgical periodontal treatment.
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Introduction

The first step of periodontal therapy consists of non-surgical
mechanical therapy, i.e., efficient personal plaque control and
supra- and sub-gingival scaling and root planing [1, 2]. It is
followed by the diagnostic re-evaluation phase during which
the need for further treatment, usually surgical, is established
[3]. The well-validated beneficial effects of this treatment on
the periodontal tissues are reduced inflammation and

decreased probing depth [4–7]. These changes are due to a
reduction in the quantity of living bacteria in the microbial
biofilm, and that of calcified biofilm microorganisms of the
dental calculus [8] and a microbial shift to a less pathogenic
flora [6, 9–12]. The magnitude of the changes is related to the
initial pocket depth [13, 14], quality of oral hygiene [4, 10, 15,
16], and systemic factors [17].

The amount of residual plaque and calculus is severely
impacted by restricted access and thus directly related to the
probing depth present at the time of initial instrumentation
[18]. Complete plaque and calculus removal is more difficult
in deep than in shallow pockets, i.e., probing depth ≤ 3 mm
(success fairly good), 3–5 mm (failure becomes greater), and
> 5 mm (more likely to fail) [8, 18–22].

An important factor in the final result of sub-gingival
debridement is operator experience [23, 24]. The more
experienced operators produce a significantly greater
number of calculus-free root surfaces in moderate and
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deep pockets [25, 26]. Results suggest that in molars with
furcation involvement, although both surgical access and a
more experienced operator significantly enhance calculus
removal, total calculus removal may be limited [27]. Many
clinical studies assess the efficacy of various periodontal
treatment modalities, but limited numbers of studies take
the differences in operator experience and skill into con-
sideration. Badersten et al. [28] reported that the effect of
operator variability on results of non-surgical periodontal
therapy is minimal. However, since the above study de-
sign did not include molar teeth and oral hygiene instruc-
tions were not given to the patient by the operator who
performed the scaling and root planing procedures, these
results could be problematical.

Therefore, the aim of the present retrospective study was to
assess whether the experience and skill of the operator
performing the initial non-surgical periodontal treatment affect
the clinical outcome as measured during the re-evaluation
phase.

Material and methods

The study was approved by the Tel Aviv University Ethics
Committee. Data were collected from periodontal records of
two groups of patients treated for periodontal disease by either
second-year periodontal residents (PR) or last year (second
clinical year) dental students (DS). The background of the
operators was as follows:

Dental students have been trained in SRP on manikin ac-
cording to systematic guidelines for the use of hand instru-
ments during 14 h of tuition by experienced periodontists,
Periodontal Department members. The students are assessed
by a final examination, after which, they are eligible to treat
patients under supervision. The students are trained to use an
ultrasonic scaler while they treat patients under supervision of
experienced periodontists.

Periodontal residents are licensed dentists working as gen-
eral practitioners during 2–5 years since their graduation. The
periodontal residents are given 3 h refreshment/calibration
tuition on the subject of SRP by the Periodontal Department
experienced periodontists.

Criteria for patients’ data inclusion, in this retrospective
study, were moderate-to-advanced periodontitis with no
previous periodontal treatment within 12 months prior to
treatment. Patients in need of prophylactic antibiotics,
smokers, diabetes, and those diagnosed as suffering from
aggressive periodontal disease were excluded. From the
baseline examination, the following parameters were
traced on each tooth with the exception of the wisdom
tooth: Plaque Index (PI) [29], Bleeding Index (BI) [30],
and pocket depth (PD) at six locations (facial, lingual,
and proximal).

As recorded in the medical files, patients were instructed by
their personal operator (PR or DS) in oral hygiene techniques
based on intrasulcular brushing and interdental cleaning
with dental floss and/or interproximal brushes according
to guidelines recommended by the Department of
Periodontology. Reinstruction and reinforcement of oral
hygiene protocols were provided during the appoint-
ments. Supra- and sub-gingival instrumentation was car-
ried out under local anesthesia. Both, ultrasonic and hand
instruments (Gracey curettes 1/2, 7/8, 11/12, and 13/14,
and Universal curettes 13/14) were used for scaling and
root planing (SRP) by the operators in DS and PR
groups.

According to the files, re-evaluation of the periodontal con-
dition was carried out by the same treating operator 6 to
8 weeks after completion of the non-surgical initial therapy
[31], and PI, BI, and PD were re-recorded.

All the relevant data were collected from the medical files
and divided according to oral site (maxilla, mandibula, buccal,
lingual/palatal, interproximal) and tooth type. The pocket
depth measurements were categorized in three subgroups:
shallow (1–3 mm), moderate (4–5 mm), and deep (≥
6 mm). The data were analyzed using Student’s t test and
ANOVAwith repeated measures, with significance level of
p ≤ 0.05.

Results

Records of 99 patients, in age range from 19 to 72 years (mean
42 ± 10.6 years), were included in the study, 50 were treated
by 26 dental students (DS group), and 49 were treated by 10
periodontal residents (PR group). All treatments of an individ-
ual patient were performed by the same operator.

Dental plaque

Initially, plaque was shown on 59% (DS) and 72% (PR) of the
treated tooth surfaces. At re-evaluation, plaque levels dropped
significantly (p ≤ 0.001) to 42% (DS) and 28% (PR).
Reduction was significantly (p ≤ 0.001) more pronounced in
patients treated by PR (44%) than patients treated by DS
(16.5%).

All area-specific plaque scores were significantly (p ≤
0.001) lower in the PR group (Table 1).

Bleeding on probing

At initial examination, 29.5% (DS) and 49% (PR) of the sites
showed bleeding on probing, which were markedly (p ≤
0.001) reduced to 15% (DS) and 17% (PR) at re-evaluation.
All sites improved, but significantly greater improvement (p ≤
0.001) was recorded in the PR group (Table 1).
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Probing depth

Initial probing was as follows: 60% of the sites in PR group
and 78% in DS group were in the range of 1–3 mm depth,
24.5% (PR) and 18% (DS)were in the range of 4–5mmdepth,
and 14.5% (PR) and 4% (DS) were ≥ 6 mm (Table 1). After
mechanical therapy, both groups showed significant change in
percentage of sites in each pocket category when re-evaluated.

Percentage of sites with 1–3 mm depth increased signifi-
cantly (p ≤ 0.001) to 74 (PR) and 85.5% (DS) with significant-
ly superior improvement (p ≤ 0.01) in the PR group (14%)
compared to the DS group (7.75%).

Percentage of sites with 4–5 mm depth decreased signifi-
cantly (p ≤ 0.01) in both groups to 18% (PR) and 12% (DS)
with non-significantΔ difference (p = 0.893) between groups
(6.6 vs. 6.4%). However, the shift was tooth type and tooth
area specific, i.e., treatment in the PR group resulted in a
significant reduction (p ≤ 0.008) compared to the DS group
in the B/L maxilla anterior teeth and M/D area of mandibular
molars.

Percentage of sites with ≥ 6 mm depth decreased signifi-
cantly (p ≤ 0.001) in both groups to 6.7 (PR) and 2.24% (DS)
with a significantly greater change (p ≤ 0.001) in the PR (8%)
group compared to the DS (1.5%) group. The PR operators’
better performance was statistically significant in the maxilla
at the B/P and M/D surfaces of anterior teeth and M/D

surfaces of premolars, and in the mandible at theM/D surfaces
of premolars and molars.

Discussion

In the present retrospective study, patients were subjected to a
non-surgical treatment based on plaque control instruction,
scaling, and root planing. The objectives of this treatment
regime were to resolve inflammation and arrest the progres-
sion of periodontal disease. The treatment outcome was
reflected in the patient’s compliance with the suggested oral
hygiene regime (plaque scores) and in the periodontal condi-
tion (bleeding scores and pocket depth measurements).

A significant positive treatment outcome was shown re-
gardless of the operator’s experience, i.e., patients’ periodon-
tal status improved by both experienced and less experienced
operators. Nevertheless, the more experienced operators
achieved significantly superior results with concern to patient
compliance and periodontal parameters (Plaque Index,
Bleeding Index, and pocket depth).

Non-surgical periodontal therapy consists of instructions in
self-administered oral health care measures directed towards
reducing the bacterial load in the supra-gingival area.
Satisfactory oral hygiene combined with sub-gingival de-
bridement initiates and improves healing response. In the

Table 1 Mean percentage of
clinical data ± standard deviation Parameter Periodontal resident (PR) Dental student (DS) Significance between groups

Plaque

a 71.63 ± 28.14 58.35 ± 12.15 p ≤ .001
b 27.96 ± 17.42 41.90 ± 21.55 p ≤ 0.001
Δ (−) 43.67 ± 28.25 (−) 16.45 ± 13.07 p ≤ 0.01

Bleeding

a 49.03 ± 21.01 29.25 ± 19.43 p ≤ 0.001
b 15.71 ± 10.26 17.14 ± 13.01 p ≤ 0.001
Δ (−) 33.22 ± 13.02 (−) 12.10 ± 15.65 p ≤ 0.001

Pockets 1–3

a 59.88 ± 18.50 77.74 ± 12.33 p ≤ 0.001
b 73.95 ± 15.41 85.49 ± 12.57 p ≤ 0.001
Δ (+) 14.07 ± 12.61 (+) 7.75 ± 8.07 p ≤ 0.01

Pockets 4–5

a 24.52 ± 10.66 18.13 ± 8.99 p ≤ 0.01
b 17.88 ± 10.42 11.71 ± 9.52 p ≤ 0.01
Δ (−) 6.64 ± 8.82 (−) 6.42 ± 7.38 NS

Pockets ≥ 6
a 14.57 ± 12.03 4.21 ± 5.50 p ≤ 0.001
b 6.77 ± 6.21 2.24 ± 4.12 p ≤ 0.001
Δ (−) 7.79 ± 10.72 (−) 1.47 ± 2.88 p ≤ 0.001

Significance level of p ≤ 0.05
a baseline, b re-evaluation, Δ difference between PR and DS
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absence of adequate oral hygiene measures, the healing re-
sponse is reduced [10, 32]. In the present study, the mean
plaque control record of 42% among the DS group at re-
evaluation can be categorized as moderate-to-poor compli-
ance [33], which probably reduced the healing response and
influenced the clinical outcome of the given non-surgical
treatment. Furthermore, in the DS group, the significantly
lower patient compliance in oral hygiene exposes these indi-
viduals to a higher risk regarding short-term beneficial results
of the initial therapy and to disease recurrence [16, 34–37].
The average patient has difficulty in changing oral hygiene
habits. It is not known why some individuals are more easily
motivated than others with no association between various
patient characteristics and outcome of oral hygiene instruction
[38, 39]. The level of oral hygiene before therapy may be an
indicator to future efficacy in plaque removal, i.e., patients
with greater than 50% plaque (on the O’Leary Index) do not
improve oral hygiene over time, but patients with less than
50% showmarked improvement with oral hygiene instruction
[40]. In the present study, plaque scores were greater than 50%
at baseline in both groups. At the re-evaluation appointment,
patients treated by PR operators presented low level of
supragingival plaque (28% on the O’Leary Index), significant-
ly lower as compared to patients treated by DS. Those results
certainly reflect the superiority of the PR operator in patient
motivation/instruction. It can be speculated that the PR group,
favored by their professional confidence, succeeded to create
an atmosphere of utmost importance with respect to plaque
control. Their skill and experience contributed to successful
communication and provided constructive guidance, together
with reinforcement and positive feedback, which raised the
patient’s performance level.

Bleeding on probing indicates gingival inflammation and is
considered as a more sensitive sign of gingival inflammation/
healing response than visual alteration [41–43]. Furthermore,
bleeding shows some relationship to the presence of residual
calculus as clinically determined [44]. There is a linear corre-
lation between probing force and bleeding on probing percent-
age. Thus, the use of uncontrolled forces may result in a pro-
portion of false-positive Bleeding Index readings [45].
Therefore, the dental students and the periodontal residents
are instructed, trained, and supervised to perform careful prob-
ing by the experienced periodontists members of the
Periodontal Department. The present study showed that in
both groups, the mechanical non-surgical debridement im-
proved the gingival health, as measured by percentage of
non-bleeding sites, with a greater improvement in patients
treated by more experienced operators.

Probing depth at re-evaluation is one of the criteria used to
measure the results of the initial treatment and to decide
whether supplementary surgical treatment is required. [46].
According to the results, an identical reduction in percentage
of moderate pockets (6%) is achieved in both—the PR and DS

groups. It can be speculated that there is an explanation for this
outcome. It is well established that instrumentation of pockets
below a Bcritical probing depth^ of approximately 2.9 mm can
cause immediate attachment loss [47, 48]. That loss does not
always recover [7, 49] and may account for the increase in
percentage of moderate pockets (4–5 mm). In deep pockets (≥
6 mm), a 1.5–2.3 mm pocket reduction can be expected fol-
lowing non-surgical treatment [14]. Therefore, the observed
change in percentage of moderate pockets following treatment
is due to either the repair of deep pockets, or irreversible iat-
rogenic insult to shallow pockets, both resulting in an increase
in moderate pocket percentage.

Clinically, residual periodontal pockets are important as
potential habitants of pathogenic microbiota. Within 6–
10 weeks after professional sub-gingival debridement, sub-
gingival microbial repopulation with periodontitis associated
microflora occurs with return to baseline value [9, 32, 50, 51].
Therefore, the re-evaluation examination was performed at 6–
8 weeks following treatment, before repopulation occurs as
proposed accordingly by Segelnick and Weinberg [31]. An
interval of 6 to 8 weeks after non-surgical debridement is
considered as adequate time for tissues to be assessed for signs
of inflammation and for changes in probing depth and clinical
attachment [31].

Data from multiple longitudinal studies indicate that sites
with probing depths of ≥ 6 mm at the re-evaluation phase are
at a significantly higher risk to develop additional attachment
loss in future, if left untreated [46]. In these sites even when
kept free from supragingival deposits, a subgingival microbi-
ota with a large proportion of motile bacteria soon recurred
[32]. In shallow and moderate pockets, supra-gingival flora
influences the sub-gingival flora [52–54]. The sub-optimal
plaque control practiced by patients, who were instructed by
less experienced operators (DS), may cause later earlier re-
establishment of more pathogenic sub-gingival flora. This
may have a negative effect on long-term stability of treatment
results [15, 55, 56].

Total sub-gingival debridement based on plaque and calcu-
lus removal is more difficult in deep than in shallow pockets,
i.e., fairly good at probing depths of ≥ 3 mm, failure greater
than success at 3–5 mm, and failure significantly dominant at
> 5 mm [20, 22, 57]. Since the present study evaluated the
operator’s performance, pocket depth data were sub-grouped
accordingly: shallow (≥ 3 mm), moderate (4–5 mm), and deep
(> 6 mm). Complete calculus removal from a periodontally
diseased root surface is rare [58]. According to Buchanan
and Robertson [59], following scaling and root planing, 11%
of treated pocket area was occupied by residual calculus and
62% of the treated teeth were calculus positive [59]. Also,
3.1% residual calculus per surface area and 57% of all teeth
with residual microscopic calculus were detected by
Shermann et al. [60]. Residual calculus has been observed
more often in deeper than in shallower pockets and molar sites
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more frequently than nonmolar sites, with little variation be-
tween probing depths when calculated as a percentage of sub-
gingival area with residual calculus [60]. Less experienced
operators are expected to render a less effective debridement
[26] than more trained and skilled ones. We can assume that
the PR operator in the present study, as a more trained and
skilled operator, is more efficient in subgingival scaling and
root planing. The significantly greater reduction in total per-
centage of deep pockets (≥ 6 mm) in the PR group (8%),
compared to the DS group (1.5%), reflects advantage of ex-
perienced and skilled treatment. The experienced operator can
be more effective in using hand instruments, which are more
difficult in handling in comparison to the use of ultrasonic
scaler and may better combine both instruments during the
treatment. As well, experience can account for superiority in
overcoming the difficulties in clinically determining the thor-
oughness of subgingival instrumentation [60]. However, in
both treatment groups, improvement in pocket depth was re-
corded, i.e., increase in percentage of shallow pockets and a
decrease in percentage of moderate and deep pockets. This
shift is a clinical reflection of the healing process of the
dento-gingival area, based on a combination of changes in
location of gingival margin, base of gingival pocket, and im-
proved gingival tonus [61]. Therefore, the present study
showed that significant gingival healing and clinical improve-
ment can be accomplished in spite of the inferior effectiveness
of root planing by the less experienced operator, who would
most likely leave more residual calculus spots. This is in ac-
cordance to the conclusion of Sherman et al. [44] that in most
situations, small amounts of residual calculus may be compat-
ible with clinical improvement of gingival tissue, at least on a
short-term basis (3 months observation period). However,
since the treatment objectives are to arrest the progression of
the disease by non-surgical methods and tominimize the num-
ber of sites which demand further intervention (mostly surgi-
cal), the improvement per se is not a satisfactory result. Since
the more skilled operators improved the periodontal condition
of their patients with a two-fold increase in the percentage of
shallow pockets and a five-fold decrease in the percentage of
deep pockets, as compared to the less experienced operator,
the former operator is definitively the one preferred.

In conclusion, while applying mechanical non-surgical
therapy, both the experienced and less experienced operators
improved the periodontal health of their patients. However,
the less experienced operator can predispose the patients to
an unstable outcome and to surgical interventions aimed to
treat the residual pockets.
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