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Abstract:

Objectives:

The current periodontal literature has been inconsistent in finding an added advantage to using lasers in periodontal therapy. The aim
of this study was to compare treatment outcomes following root surface instrumentation alone (NL group), or with adjunctive use of
Erbium, Chromium: Yttrium Scandium Gallium Garnet (Er,Cr:YSGG) laser (L group).

Material and Methods:

Patients diagnosed with generalized chronic periodontitis, having a minimum of 1 year follow up were selected by a blinded party for
inclusion in a retrospective analysis from patients treated prior to and after integration of laser in a single clinic setting. Probing
depths (PD) of all sites ≥5 mm and full mouth bleeding scores were analyzed. Further analysis was carried out on the treatment
outcomes of only the molar teeth and of pockets >6mm.

Results:

53 patients were included (25 NL,28 L). There was no significant difference between baseline PDs (NL=6.19mm, L=6.27mm, range
5-11mm).  The  mean  PD after  one  year  was  2.83mm (NL)  2.45mm (L),  with  the  mean  PD reductions  being  3.35mm (NL)  and
3.82mm (L) (p<0.002). The mean PD reduction for the molars were 3.32mm (NL) and 3.86mm (L) (p< 0.007), and for ≥7mm group
were 4.75mm (NL) compared to 5.14mm (L) (p< 0.009). There was significantly less bleeding on probing in the laser group after one
year (p<0.001)

Conclusion:

Both  treatment  modalities  were  effective  in  treating  chronic  periodontitis,  but  the  added  use  of  laser  may  have  advantages,
particularly in molar tooth sites and deeper pockets. Further research with RCTs is needed to test this hypothesis further.

Keywords:  Erbium  Lasers,  Furcation  lesions,  Laser  -Periodontitis,  Molar  teeth,  Non-surgical  periodontal  therapy,  Periodontal
Pockets.

INTRODUCTION

Chronic  periodontal  disease  results  from  inflammation  of  the  supporting  structures  of  the  teeth  in  response  to
chronic infections caused by various periodontopathic bacteria [1]. Bacterial biofilm plays a key role in the etiology of
periodontitis [2]. Specifically, the challenge of periodontopathogens and their virulence factors may induce the release
of  pro-inflammatory  cytokines,  which  elicit an  inflammatory response  and drive  alveolar  bone  loss [3]. There  is  a
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variation  in  host  susceptibility  and  chronic  periodontitis  which  may  be  considered  as  a  genetically  determined,
inflammation-induced  dysregulation  of  bone  metabolism.

Periodontitis  is  the leading cause of adult  tooth loss worldwide [4].  As an example,  a recent nationwide survey
found that periodontitis affects more than 50 % of Americans above the age of 30 years [5]. Given its relatively high
prevalence and the concerns at the potential systemic effects of living with a chronic infection, there is a recognition
that  technological  advances  and  the  development  of  new  protocols  may  improve  patient  related  outcomes  and
additionally  address  therapy  cost  effectiveness  [6,  7].

The  multiple  species  of  periodontopathic  bacteria  present  in  periodontal  disease  co-exist  and  form  symbiotic
mutually  supportive  communities  leading  to  pathogenesis  [8].  Once  formed  the  biofilm  provides  a  mechanism for
microorganisms to  survive  extreme temperature  changes,  radiation  or  mechanical  trauma.  Due to  the  structure  and
composition of the biofilm, the bacteria become very much more resistant to topical and systemic chemotherapy and
biofilm formation is a highly successful and important microbial survival strategy [9].

One of the most active areas of research in periodontal therapy in the recent years has been the therapeutic use of
lasers. To date, however the consensus views in the multiple systematic reviews and meta-analyses published over the
past decade are that there is insufficient evidence to show a significant improvement in efficacy when compared with
conventional scaling and root planing (SRP) alone [10 - 24]. Current advice is centered on root surface debridement
with the option of surgical access in non-responsive disease sites.

The  study  reported  here  is  a  retrospective  analysis  of  patients  treated  within  a  specialist  periodontal  practice
comparing treatment with and without the adjunctive usage of an erbium, chromium: yttrium scandium gallium garnet
(Er,Cr:YSGG) laser (λ 2780nm) in the management of pocket depths in both single and multi rooted teeth in the range
of 6-11mm pre-treatment, with up to one year follow up.

AIM

To compare treatment outcomes following root surface instrumentation alone (NL group), or with adjunctive use of
Erbium, Chromium: Yttrium Scandium Gallium Garnet (Er,Cr:YSGG) laser (L group).

MATERIALS AND METHOD

The study was carried out to evaluate periodontal treatment modalities within a specialized private clinic setting.
Statistically-sound conclusions drawn from the study would provide prospective strategy for future treatment protocols.

Patients with a diagnosis of generalized moderate to advanced chronic periodontitis, who had been treated with up
to a minimum of one year follow-up were eligible for inclusion in the study. The non laser group consisted of patients
treated with SRP prior to adoption of the laser in the specialist clinic and the laser group from other patients treated with
the adjunctive use of the laser to SRP. These patients were selected in consecutive order based on if they met the criteria
and were selected by a third party, other than the operator. Exclusion criteria consisted of any patients who had taken
antibiotics any time between 3 months prior to initial consultation and the follow-up of one year and systemic diseases
affecting immune response, such as poorly controlled diabetics.

53 patients were included in the analysis (25 NL, 28 L). In the no-laser group, the age range was 38 to 72 (mean 55
years), while in the laser group the range was 40-72 (mean 55 years). There were 3 smokers in the no-laser group and 5
in the laser group. There were 1092 sites ≥ 5mm in the no-laser group vs. 994 sites ≥ 5mm in the laser treated group.
The mean PD at  baseline  for  NL was  6.19mm (range 5-10mm),  and for  L 6.27mm (range 5-11mm).  No statistical
significance was found between the groups in the baseline data.

Patients were treated over two visits, with treatment on half the mouth (right or left) on each visit. Local anesthetic
was  administered,  followed  by  supra  and  sub-gingival  root  surface  debridement  using  ultrasonic  scalers  (Cavitron
inserts SLI, SL-R and SL-L, Dentsply). For those patients receiving laser adjunct therapy, ultrasonic scaling was first
carried out, followed by the use of the Er,Cr:YSGG laser (Biolase, Irvine, California) in each pocket. A radial firing
periodontal tip of 500um diameter and 14mm length (RFPT5) was used with settings of 1.5W, 50%: 40% water: air
ratio, 30Hz, fast pulse mode (60µs, H mode). The laser tip was inserted to the depth of the pocket parallel to the root
surface and then moved in an apico-coronal and bucco-lingual direction to allow the laser energy to contact the entire
root  surface.  In the case of  root  furcations,  an attempt was made to insert  the tip  into each furcation area as  far  as
possible. The tip was then directed away from the root surface towards the pocket lining and moved in a similar fashion
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to remove diseased pocket epithelium and diseased connective tissue. 30 seconds were spent in a pocket of 5mm, and
10 seconds were added for each mm as shown in Table 1. The tip was then used outside the pocket to disrupt outer
epithelium to a surrounding distance of 5mm from the pocket entrance. The disruption and superficial denaturation of
the outer epithelium took approximately 10 seconds/tooth. This technique is essentially similar to the erbium yttrium
aluminium garnet laser assisted periodontal therapy as described by Aoki et al. [22].

Table 1. Time spent in each pocket being treated with laser, dependent on pocket depth.

Pocket Depth (mm) 5 6 7 8 9 10 11
Time Spent in Pocket (s) 30 40 50 60 70 80 90

Patients were reassessed after 2 months, measuring probing depths (using a UNC 14mm probe, PDT, USA) and
bleeding index. This was repeated at 6 and 12 months as part of a periodontal maintenance protocol. The same operator
carried out all assessments and treatments.

Probing depths (PD) of all sites ≥5mm and full mouth bleeding scores (BI) were analyzed for each group – laser (L)
and non-laser (NL). Pocket depth reduction and number and percentage of residual sites ≥5mm were calculated at each
stage (2, 6, 12 months). In addition, two further subsets of each group were analyzed, consisting of all sites ≥7mm and
all molar teeth.

Statistical analysis was carried out on all the data using a variety of statistical tests (Independent Samples t-test,
Paired t-test, and Chi-Squared) using SPSS software.

RESULTS

The mean PD at baseline for NL was 6.19mm (range 5-10mm), and for L 6.27mm (range 5-11mm). No statistical
significance was found between the groups in the baseline data. The mean probing depths at one year were 2.83mm (no-
laser) and 2.45mm (laser). The mean probing depth reductions for each group are shown in Fig. (1).

Fig. (1). Mean probing depth reduction (mm) after one year for the whole group (initial PD ≥5mm), subset of molars (initial PD
≥5mm), and subset all teeth (initial PD ≥7mm).

There was no significant difference between the baseline bleeding scores, and both groups showed a significant
reduction in bleeding index after 2 months (p<0.001), but the Laser group had a significantly less bleeding on probing
after 1 year (p<0.001), as shown in Fig. (5).

Mean PD diff after 1yr 
(≥5)

Mean PD diff molars (≥5) Mean PD diff after 1yr 
(≥7)

Series1 3.82 3.86 5.14

Series2 3.35 3.32 4.75

0

1

2

3

4

5

6

d
e

p
th

 in
 m

m

P<0.002                                                               p<0.007                                                p<0.009

Laser

No Laser



Er,Cr:YSGG Laser in the Treatment of Periodontal Pockets The Open Dentistry Journal, 2016, Volume 10   301

Fig. (2). Percentage of pockets remaining after 2 months, 6 months and one year for all laser and no-laser treated sites.

Fig. (3). Percentage of sites ≥5mm remaining after one year in the whole group (1) and a sub-group of patients initial pockets ≥7mm
(2). Percentage of sites ≥5mm remaining after one year laser or no-laser.
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Fig. (4). Percentage of sites ≥5mm remaining around molar teeth after 2 months, 6 months and one year, in laser and non-laser
treated groups.

Fig. (5). Bleeding Index (%)in each group after 2 months, 6 months and one year.
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There was a consistent trend in the pattern of stability demonstrated in the whole group as well as the subsets. After
two  months,  there  was  a  significant  reduction  in  probing  depths,  number  of  pockets  ≥5mm,  and  also  percentage
bleeding on probing. However, longer term follow up demonstrated a greater tendency for relapse in the group not
treated with laser at the outset (NL), which seemed to start after 6 months and this was seen in all parameters and sub-
groups as shown in Table 2 and Figs. (1-5).

Table 2. Number and percentage of pockets at baseline and after one year in laser and no-laser treated groups for the whole
group (≥5mm) and subsets of molars and deep pockets ≥7mm.

Whole group Laser Group No Laser Group
No. of sites ≥5mm at baseline  924 1092
No. of sites ≥5mm after 1 year 15 157
% of sites ≥5mm after 1 year 1.6 14.3

Molar Subset   
No. of sites ≥5mm  at baseline 503 537
No. of sites ≥5mm after 1 year 14 119
% of sites ≥5mm after 1 year 2.8 22.1

≥7mm subset   
No. of sites at baseline 334 347

No of sites ≥5mm after 1 year 11 75
% of sites ≥5mm after 1 year 3.3 21.5

DISCUSSION

In the study presented here, there was a consistent trend in the pattern of response and stability demonstrated in the
whole group, as well as the subsets. After two months there were significant reductions in probing depths, number of
pockets ≥5mm and also percentage bleeding on probing in both groups of patients. The greater probing depth reduction
seen in the laser-treated group (and all the subsets of molars and ≥7mm) of 0.4-0.5mm greater reduction was highly
statistically  significant,  but  one  would  perhaps  question  the  clinical  significance.  However,  longer  term  follow  up
demonstrates a greater tendency for relapse in the group not treated with laser at the outset, which seems to start after 6
months  and  this  is  seen  in  all  parameters  and  sub-groups.  These  results  are  consistent  with  those  reported  by
Kelbauskienne  [25,  26]  and  Dyer  &  Sung  [27].

There have been numerous studies reporting on the efficacy or otherwise of the application of the Erbium family of
lasers  (Er:YAG  λ  2940nm  &  Er,Cr:YSGG  λ  2780nm)  in  the  management  of  chronic  periodontitis.  Some  of  these
studies  have  looked  at  the  use  of  the  Erbium laser  as  an  alternative  to  standard  SRP  and  others  have  investigated
combination therapies of SRP with the Erbium laser. There are conflicts and disagreements between the studies as there
are some that report no clinical benefits compared to SRP alone, and on the other hand, there are studies that appear to
show  significant  improvements  in  Erbium  plus  SRP  treated  patients.  Kelbauskienne  [25,  26],  for  instance,  reports
significant reductions of the indices measured of PPD & CAL plus significantly reduced bleeding on probing compared
to groups treated with SRP alone at 12 months. The clinical approach adopted involved debridement of the pocket by
ultrasonic and hand instrumentation along with removal of the inner epithelium and surface denaturation of the outer
epithelium  using  laser.  In  addition,  diseased  connective  tissue  was  removed  and  the  root  surfaces  subject  to
modification by application of the Erbium laser (Er,Cr:YSGG). This treatment approach is essentially similar to that
described by Aoki [22, 28] and is not a non-surgical approach and ought to be considered as minimally invasive flapless
surgery. Dyer & Sung [27] described an excellent treatment outcome following minimally invasive surgery to treat
persistent pockets using the Er,Cr:YSGG following SRP. Initial pocket depths of 7-9mm in the treatment group and
CAL levels of 7.6mm +/- 0.6mm improved to an average of 3.7mm +/- 1.2mm & 3.6 +/- 1.2mm, respectively. This
significant clinical improvement was found to be maintained for a period of at least two years post-treatment. Dederich
[29] presented a case report showing apparent bone infill into an intra-osseous defect following a minimally invasive
approach adopting the Er,Cr:YSGG as an adjunct to pocket debridement and root surface preparation.

Gutknecht et al. [30] reported a case series of 12 patients with initial pocket depths in the range 2-8mm in a split
mouth type study design. Following repeat laser applications using a radial firing 500 micron tip and the Er,Cr:YSGG it
was found that at six months there was only a very small difference in pocket depth reduction between quadrants treated
adjunctively with the laser and those treated solely by scaling and root planing. There was however a highly significant
reduction in the periodontal pathogen counts favoring the laser treated pockets at three and six months compared to the
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control quadrants. This study concluded that this may lead to better long-term healing and stability compared to SRP
alone.

Lasers  generically  have  many intrinsic  interesting  and  useful  properties.  For  instance,  there  is  the  potential  for
producing different results depending on dose [31]. Laser tissue interaction can range in product from biochemical and
biophysical  promotion  of  healing  and  the  selective  suppression  of  the  inflammatory  cytokine  cascade  through  to
surgical  ablation  of  diseased  tissues  and  the  photo-thermal  destruction  of  pathogens  [32  -  37].  There  are  major
differences  in  laser  target  interaction  and  depth  of  tissue  penetration  between  the  various  wavelengths  of  laser.
However, all lasers have the potential to positively influence healing, repair and also the regeneration of tissues.

In vitro studies have demonstrated that the Er,Cr:YSGG laser can assist in calculus removal without thermal damage
[38, 39]. Also, it can be useful in the removal of smear layer. This in turn may be beneficial in enabling cell attachment
in the regeneration of new attachment [40 - 43].

The potential benefits to be gained by the application of an Erbium laser in root surface bio-modification has been
the subject of a recent review by Lavu et al. [44]. This interesting review states that the Erbium laser can be used safely
for root surface modification, a proven anti-bacterial action, predictable calculus removal, and minimal root surface
damage.  Finally,  that  lased  root  surfaces  appear  to  favor  attachment  of  fibroblasts  and  blood  components.  The
conclusion of this review is that Erbium lasers are a useful tool in the periodontists’ armamentarium. To date, however
the superiority of Erbium lasers over conventional treatment has not yet been clearly demonstrated.

Issues  related  to  the  prognosis  post  SRP have  been  analyzed  by  Cobb  [45]  in  a  review on  non-surgical  pocket
therapy.  Only  a  few  sites  within  a  small  percentage  of  patients  (8-12%)  do  not  respond  to  routine  treatment.  The
majority of teeth (19-57%) lost over a 15 year period are those initially diagnosed with furcation lesions compared to
just 5-10% of those without furcation involvement.

The  acknowledged  evidence  based  approach  to  the  management  of  chronic  periodontal  disease  is  pocket
debridement by means of scaling and root planing. In deeper pockets (≥7mm) the likelihood of a surgical approach is
increased due to difficulties of access to deeper areas to ensure adequate debridement, particularly in multi rooted teeth
[46].

In the present study it was found that 75/347 (21.5%) of sites treated with scaling alone with initial pockets ≥7mm
had pockets ≥5mm at one year. By contrast in the laser group at 1 year only 11/334 (3.3%) of sites had pockets ≥5mm.
Also, at one year bleeding indices were significantly lower in the laser group (2.5%) compared to the non-laser group
(6%).

Gupta et al. [47] compared open flap reduction (OFD) to a minimally invasive approach using the Er,Cr:YSGG.
Gupta et al. concluded that the two approaches resulted in similar gains in CAL. Of particular note was that there was a
significant reduction in gingival recession in the laser group compared to the open flap debridement group at six months
(0.6mm laser vs. 1.87mm OFD). The PPD differed in favor of open flap debridement by around 1mm at six months
(4.47 ± 0.92 laser vs. 3.33 ± 0.62 OFD). In addition, there was a small but statistically significant outcome in relation to
the reduction in gingival index at six months in favor of open flap debridement (0.52 laser vs. 0.95 OFD). Also, the
reduction in the sulcular bleeding index at six months was again in favor of open flap debridement (0.53 laser vs. 0.85
OFD).

The  parameters  and  clinical  technique  adopted  by  Gupta  et  al.  are  different  in  some  regards  to  the  approach
described in this paper, which may have influenced the measured treatment outcome. Gupta et al. conclude that laser
assisted pocket therapy offers a number of benefits including less mechanical trauma, less post-operative complications
(swelling and pain), no need for antibiotics and analgesics post-operatively, a minimally invasive procedure with greater
patient compliance and less time consuming with minimal bleeding. The clinical consequence in the study presented
here of the consistently observed pocket reduction with apparent stability at 12 months and beyond has been to greatly
reduce the need for open flap surgery. The less traumatic minimally invasive surgical approach is in accordance with
the current trend within the non laser specialist periodontal community [48, 49].

In respect of the literature on lasers and PD therapy, there are conflicting opinions and confusion concerning the
interpretation of treatment outcomes and their relevance to clinical practice. Also there are issues related to study design
and the selection criteria for inclusion into meta-analyses and systematic reviews.
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CONCLUSION

The challenge of treating chronic periodontitis is to balance local and systemic etiologies, rationalize the available
therapy options and address the complex architecture that may present as infra-bony pocketing.

The outcome of the study presented here must be viewed with caution as the measured clinical parameters were not
blinded and this is not a controlled case study but rather a retrospective analysis and audit of patient data within a single
clinic setting. The results are however sustained at a year and in view of the positive outcome of this study and the
current evidence base, there is value in continued efforts to further evolve current attempts to integrate Erbium laser
therapies as an adjunct to more conventional scaling and root planing periodontal treatment.

Both  treatment  modalities  were  effective  in  treating  chronic  periodontitis,  but  the  added use  of  laser  may have
advantages,  particularly  in  deeper  pockets  and  molar  teeth.  Further  research  with  RCTs  are  needed  to  test  this
hypothesis  further.
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