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Summary

Objectives:  To compare the use of diode laser with conventional surgery evaluating the effectiveness 
of gingivectomy as an adjunct to non-surgical periodontal treatment in the management of gingival 
enlargement (GE) during orthodontic treatment.
Trial design:  Prospective three-arm parallel group randomized clinical trial with 1:1:1 allocation 
ratio.
Methods:  Sixty subjects (33 males and 27 females), with a mean age of 14.4 ± 1.9 years, were 
selected according to inclusion criteria: overgrown gingivae on the labial side of the anterior 
teeth secondary to fixed appliance therapy, six maxillary anterior teeth present, and healthy non-
smokers patients. Patients were enrolled in the study and randomly assigned to three groups by 
a computer-generated randomization list and by a block size of 4. The allocation information 
was concealed in opaque and sealed envelopes by the statistician. In the first group, all subjects 
underwent a conventional scalpel gingivectomy of the maxillary anterior sextant. In the second 
group, all subjects were treated using laser-assisted gingivectomy; while subjects assigned to 
the third group underwent only non-surgical periodontal treatment and served as control group 
(CG). The observer who performed all the measurements was blinded to the group assignment. 
Blinding was obtained by eliminating from the elaboration file every reference to patient group 
assignment.  Intergroup comparisons of changes in the periodontal parameters were conducted 
at 1, 3, and 6  months using ANOVA with repeated measures and Tukey’s post hoc tests. The 
significance level was set at P <0.05.
Results:  After 1 month, the TGs showed a significant improvement of all periodontal parameters 
when compared with the CG. No statistically significant differences were observed between the 
two TGs. At the 3-month observation, a relapse occurred in the TGs, while the CG showed the 
greater improvement of soft tissue health. In the 6-month versus 3-month evaluation, no significant 
differences between the three groups were found for any periodontal measurements. In the long-
term evaluation (6 months versus baseline), a significant greater reduction of pockets were found 
in the TGs when compared with the CG.
Conclusions:  The adjunct use of both scalpel gingivectomy and laser gingivectomy was more 
effective in controlling gingival inflammation than non-surgical periodontal treatment alone at 1, 
3 and 6 months. In the control group, greater improvement in the periodontal parameters were 
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observed within 3 months, depending on a self-care approach for the management of GE.
Limitations:  This study was a short-term study (6-month follow-up).
Trial registration:  ClinicalTrials.gov (registration number: NCT03514316).

Introduction

Orthodontic fixed appliances can be associated to chronic periodontal 
inflammation and gingival enlargement (GE) due to increased plaque 
stagnation and poor oral hygiene (1,2). The mechanism by which 
GE occurs in some patients during orthodontic treatment is not fully 
understood. The initiation and development of periodontal disease 
depend on a dynamic equilibrium between the microbial challenge 
and the host’s immune-inflammatory responses (3). The presence of 
fixed appliances influences plaque accumulation around the retentive 
components attached to the teeth and the colonization of important 
periodontopathic bacteria (4). Kloehn and Pfeifer (5) have shown 
that mechanical irritation by bands, chemical irritation by cements, 
food impaction, and less efficient oral hygiene maintenance are etio-
logic factors for orthodontic treatment-induced gingival overgrowth. 
Chronic inflammation of the soft tissues is caused by a significant 
increase in oedema and inflammatory cells that can influence the sub-
gingival ecosystem by creating an appropriate anaerobic environment, 
leading to a shift in the composition of the microflora (6). When gin-
gival tissues are enlarged, varying from mild enlargement of isolated 
interdental papillae to segmental or uniform and marked enlargement 
affecting one or both jaws, the tooth surfaces become difficult to 
access, inhibiting good oral hygiene and resulting in more inflamma-
tion and bleeding because enlarged gingival tissues (7). In artificially 
deeper periodontal pockets, the root surfaces are contaminated with 
an accumulation of plaque and calculus, as well as infiltration of bac-
teria and bacterial endotoxins into cementum. Complete removal of 
these harmful substances is essential for the healing of periodontal tis-
sue (8,9). However, non-surgical periodontal treatment (including oral 
hygiene instruction, scaling, and prophylaxis) is not always effective 
when GE is extensive and self-care is compromised.

When GE further impedes the maintenance of oral hygiene 
(resulting in further damage to periodontal tissues), causes aesthetic 
and functional problems, and compromises orthodontic tooth move-
ment, it is necessary to provide additional treatment such as gingi-
vectomy, in order to correct gingival border contours (10).

Gingivectomy can be performed by conventional scalpels, elec-
trosurgery, chemosurgery, and laser. The elimination of the pseudo 
pockets is the therapeutic endpoint of all these procedures (11,12). 
The conventional surgery performed by a small scalpel has been con-
sidered the most common method because of its ease of use, accu-
racy, and minimal damage to tissue (13). However, scalpels do not 
provide a good haemostasis, which is important on highly perfused 
tissues such as inflamed gingiva (14). The advent of diode lasers 
highly absorbable by melanin and haemoglobin allows soft tissue 
manipulations providing sound results in periodontal surgery, tissue 
alterations related to orthodontic treatment, and oral lesions (15). 
The diode laser separates and coagulates at the same time, facili-
tating immediate haemostasis and resulting in minimal bleeding. 
Healing is rapid and there is reduced potential for infection. The 
diode laser has an affinity for only soft tissue, thereby preventing 
damage to the surrounding bone and enamel (16). Therefore, using 
diode lasers might be advantageous because of better control, poten-
tially lower pain and inflammation, and improved wound healing 
(17). Mavrogiannis et al. (18) compared conventional gingivectomy 

with flap surgery and with laser excision in the management of drug-
induced gingival overgrowth, reporting that laser excision results 
in a reduced rate of recurrence. To et  al. (1) analyzed diode laser 
gingivectomy as an adjunct to non-surgical periodontal treatment 
reporting an earlier and greater improvement in gingival health by 
using lasers. Ize-Iyamu et  al. (19) compared the diode laser with 
conventional surgery in orthodontic soft tissue procedures reporting 
that orthodontic patients treated with the diode laser required less 
infiltration anaesthesia, presented reduced bleeding during and after 
surgery, rapid postoperative haemostasis, elimination of the need for 
sutures, and an improved postoperative comfort and healing.

However, in literature, no studies directly compared conventional 
scalpel surgery versus diode laser-assisted surgery in orthodontic 
patients with GE, and the majority of studies (1,18,19) investigating 
laser-assisted surgery show some limits: they are not randomized, 
they are not prospective, and they have no control group in which 
no surgery is performed.

The null hypothesis underlying this investigation is that gingivec-
tomy does not improve gingival health in patients undergoing fixed 
treatment beyond what can be obtained from non-surgical periodon-
tal therapy.

Therefore, the aim of the present study was to evaluate the effec-
tiveness of gingivectomy as an adjunct to non-surgical periodontal 
treatment in the management of GE during orthodontic treatment 
and to compare the use of the 810 nm diode laser with conventional 
surgery for gingivectomy procedure.

Materials and methods

Study design
The Consolidated Standards of Reporting Trials (CONSORT) 
checklist was used as a guideline for conducting and reporting this 
trial. The present RCT was designed as a prospective three-arm par-
allel group randomized clinical trial with 1:1:1 allocation ratio.

The study was approved by the Ethics Committee at the 
University of Rome ‘Tor Vergata’ (protocol number 206/17). After a 
full explanation of the nature, purpose, and material risks of the pro-
posed procedures, informed consent was obtained from patients or 
from patients’ parents for juvenile subjects. The trial was registered 
on ClinicalTrials.gov (registration number: NCT03514316).

Population
Patients presenting with Class I malocclusion and crowding <6 mm 
undergoing orthodontic treatment at the Department of Orthodontic 
of the University of Rome ‘Tor Vergata’ were selected according to the 
following inclusion criteria: overgrown gingivae on the labial side of 
the anterior teeth secondary to fixed appliance therapy, six maxillary 
anterior teeth present, and healthy non-smokers patients. Patients 
with the following conditions were excluded from the study: patients 
with poor oral hygiene (FMPS > 25%); patients with mucogingival 
infection; patients taking medications that may cause drug-associated 
gingival enlargement (e.g. calcium channel blockers, anticonvulsants, 
or immunosuppressants); patients currently pregnant or lactating; 
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and patients with any medical condition affecting wound healing. 
Gingival overgrowth diagnosis was defined as presence of quadratic 
anterior teeth (crown width/length ratio ≤0.85) (20), gingival margin 
located incisal to the tooth cervical convexity (21), and presence of 
probing pocket depth (PPD) ≥ 4 mm coronal to the cement-enamel 
junction (CEJ). In order to exclude cases with altered passive erup-
tion—subgroup B (22), in which bone crest was at the same level of 
the CEJ—a transgingival probing was performed after anaesthesia.

Treatment
All subjects who met inclusion criteria received instructions on oral 
hygiene. Patients who had not maintained adequate oral hygiene dur-
ing treatment, although the received instructions, and who presented 
with hypertrophic gingival margins were enrolled in the investigation 
after orthodontic levelling and alignment in order to finish orthodontic 
treatment in terms of smile aesthetics. Subjects enrolled in the study 
were randomly assigned to the three groups: conventional scalpel gin-
givectomy (TG1: treatment group 1), laser-assisted gingivectomy (TG2: 
treatment group 2), and non-surgical treatment (CG: control group).

Scalpel gingivectomy (TG1).
Patients were anaesthetized with 2% lidocaine and 1:80 000 adrena-
lin. When sufficient anaesthesia was achieved, transgingival probing 

was performed in order to mark a reference point serving as the 
visual finishing point indicating the CEJ (Figure 1). Once the amount 
of gingival tissue to be excised was demarcated, an external bevel 
incision was performed by using a scalpel blade (No. 15c) and the 
gingival tissue was excised with curettes. Left out tissue tags and 
any beads of granulations tissue were removed to attain a smooth 
surface (Figure 2).

Laser gingivectomy (TG2).
After the area was adequately anaesthetized with 2% lidocaine and 
1:80 000 adrenaline, the clinician and the patient put on safety pre-
cautions such as safety glasses for the concerned wavelength and a 
laser-assisted gingivectomy was performed (810 nm FOX III diode 
laser; Sweden&Martina, Due Carrare, Padova, Italy). The laser 
unit, comprising of a 300 μm disposable tip, was used in a contact 
mode with a setting of 1–1.5 W in continuous mode along the previ-
ously demarcated area with a paint brush-like strokes progressing 
slowly to remove the gingival tissue and expose adequate amount of 
tooth structure. During the entire procedure, the tip was constantly 
checked for any debris of the ablated tissues and was cleaned with 
sterile moist gauze. High-volume suction was used to evacuate the 
laser plume and charred odour (Figure 3).

Patients of both TG1 and TG2 were checked for haemostasis and 
then a surgical dressing (periodontal pack, COE-PAK® Automix; 
GC International Inc., Newport Pagnell, UK) was applied on the 
surgical sites to promote healing for the first week. Patients were 
given all the postoperative instructions and rinsing with 0.12% chlo-
rhexidine gluconate twice daily for 2 weeks was advocated (1,13). 
Patients were prescribed acetaminophen tablets to control their post-
operative pain if necessary (18).

Non-surgical periodontal treatment (CG).
Full-mouth periodontal debridement was performed with mechani-
cal and ultrasounds instruments. Chlorhexidine (0.12% chlorhex-
idine gluconate) was also administered twice a day for 2 weeks after 
the periodontal treatment.

Both treatment groups were treated by one clinician, with 
10 years of experience in periodontal surgery (MC), while control 
group was treated by a dental hygienist. Periodontal maintenance 
with full-mouth periodontal debridement and instructions on oral 
hygiene was performed every 3 months for both TGs and CG.

Figure 1.  Evaluation of maximum amount of tissue removal. An explorer 
was used to mark reference spots of the biologic zone, serving as the visual 
finishing point.

Figure 2.  External bevel incision performed by using a scalpel blade and 
gingival tissue excised. Figure 3.  Laser-assisted gingivectomy.

R. Lione et al. 3

D
ow

nloaded from
 https://academ

ic.oup.com
/ejo/advance-article-abstract/doi/10.1093/ejo/cjz032/5492696 by U

niversity of R
ochester user on 23 M

ay 2019



Outcome measurements
All periodontal measurements were recorded using a North 
Carolina periodontal probe. At baseline (before treatment), all 
patients of the three groups underwent a full periodontal screen-
ing, in order to assess oral hygiene (Full Mouth Plaque Score) and 
gingival inflammation (Full Mouth Bleeding Score). After that, 
the following measurements were assessed at three buccal points 
around each tooth of the anterior area (mesial, mid-point, distal) 
(23). Plaque Index (PI) of Silness and Loe (24) and Gingival Index 
(GI) of Loe and Silness (25); PPD, as the distance between gingival 
margin and the tip of the periodontal probe inserted into the sulcus 
with a force of 0.25 N; and clinical crown length (CCL), as the 
distance between incisal edge and gingival margin along the tooth 
long axis.

For TGs, CCL was assessed also just after surgery. All measure-
ments were repeated at 1, 3, and 6 months post-surgery.

Before the initiation of the study, a calibration session was con-
ducted on five patients not included in the study. Measurements of 
PPD and CCL were recorded twice at a distance of 1 week, in order 
to assess the intra-examiner agreement by means of intraclass cor-
relation coefficients (0.877 and 0.965, respectively).

Randomization, allocation concealment and 
blinding
Allocation of patients to the three groups was determined by a 
computer-generated randomization list using Rv.0.1 software (26) 
and by a block size of 4 (Figure 4). Then, the allocation information 
(randomization results) was concealed in opaque and sealed enve-
lopes by the statistician. The observer (AN) who performed all the 
measurements was blinded to the group assignment. The study was 
blinded in regard to the statistical analysis: blinding was obtained 
by eliminating from the elaboration file every reference to patient 
group assignment.

Sample size
A sample size for this trial was calculated according to the method 
proposed by Whitehead et al. (27). For a standardized effect size of 
1 (a clinically relevant change of 0.75 mm with a combined SD of 
0.68 mm derived from Mavrogiannis et al. (18)) for the primary out-
come variable PPD at 3 months, a sample size of 17 subjects per group 
was required for a type I error rate of 5% and a power of 80%. To 
account for potential dropouts, 20 subjects per group were recruited.

Statistical analysis
The primary outcome was considered the reduction of PPD while 
secondary outcome was considered increased CCL.

Exploratory statistics revealed that all periodontal variables were 
normally distributed (Kolmogorov–Smirnov test) with equality of 
variances (Levene’s test).

Overall patient data were calculated as mean values by averaging 
measurements in all sites of six upper anterior teeth. Intergroup com-
parisons of changes in the periodontal parameters were conducted 
at 1, 3, and 6 months using ANOVA with repeated measures and 
Tukey’s post hoc tests. The significance level was set at P <0.05.

All statistical computations were performed with SPSS soft-
ware (Statistical Package for the Social Sciences, SPSS, version 12, 
Chicago, Illinois, USA).

Results

A total of 60 subjects (33 males and 27 females), with a mean age 
of 14.4 ± 1.9 years (range 11.7–19.8 years) were randomly assigned 
to the interventions. Two patients (one in TG2 and one in CG) were 
excluded since the bone crest was revealed at the same level of the 
CEJ during transgingival probing. During the follow-up, one drop-
out was observed in the TG1 and one drop-out was observed in the 
CG (Figure 4). The final sample that received the intended treatment 

Figure 4.  Study flow chart.
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and analysis was composed of 56 patients (31 males and 25 females) 
with a mean age of 14.4 ± 1.9 years (range 11.7–19.8 years). The 
recruitment started in December 2016 and the observation period 
ended in May 2018. Descriptive statistics in periodontal parameters 
before treatment (baseline), immediately after surgery (for TGs), 
and at 1, 3, and 6 months postoperatively in the three groups are 
reported in Table 1. No significant differences between the TGs and 
the CG at baseline were found for any of the periodontal variables, 
and no significant changes were observed between groups at any 
follow-up periods for PI and GI.

A PPD reduction of 4.1 and 4 mm, with an increment of CCL of 
2.9 and 2.4 mm, was immediately obtained by surgical procedure for 
laser and scalpel group, respectively (Table 1).

At 1-month versus baseline observation period, no statistically 
significant differences were observed for any of the analyzed vari-
ables between the two TGs. Both TGs presented with a significant 

greater reduction of PPD (−2.6 mm TG1; −2.7 mm TG2) and sig-
nificant greater increase of CCL (+2.0  mm TG1, 1.6  mm TG2) 
when compared with non-surgical group (CG). CG showed a light 
increased CCL (+0.4 mm) and a small reduction of PPD (−0.4 mm) 
with respect to baseline data (Table 2).

At the 3-month versus 1-month post-treatment observation, a 
relapse occurred in the TGs with a decrease of CCL (−1.1 mm TG1; 
−1.0 mm TG2) and an increment of PPD (+0.7 mm TG1; +0.8 mm 
TG2); while the CG showed a slight increase of CCL (+0.3 mm) and 
a reduction of PPD (−0.7 mm). As for the 1-month versus baseline 
changes, no statistically significant differences were pointed between 
the two TGs for all analyzed variables, while significant differences 
were observed comparing the TGs with the CG for all periodontal 
parameters (Table 3).

At 6-month versus 3-month observation, no significant differ-
ences were assessed between the three groups (Table 4).

Table 1.  Descriptive statistics in periodontal parameters before surgery (baseline), post-surgery, and at 1, 3, and 6 months postoperatively 
in the three groups.

Baseline mean ± SD
Post-surgery mean 
± SD 1-month mean ± SD 3-month mean ± SD 6-month mean ± SD

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Laser group (n = 19; 9 males and 10 females)
  Clinical crown length (mm) 7.7 ± 0.8 (7.4–8.1) 10.6 ± 0.7 (10.2–10.9) 10.1 ± 0.8 (9.7–10.5) 9.0 ± 0.6 (8.7–9.3) 8.6 ± 0.6 (8.4–9.0)
  Probing pocket depth (mm) 4.8 ± 1.0 (4.3–5.2) 0.7 ± 0.3 (0.6–0.9) 1.8 ± 0.4 (1.6–2.0) 2.5 ± 0.6 (2.2–2.7) 2.7 ± 0.5 (2.5–3.0)
  Plaque Index* (0–3) 0.4 ± 0.2 (0.3–0.5) — 0.6 ± 0.3 (0.3–0.9) 0.7 ± 0.4 (0.3–1.1) 0.6 ± 0.3 (0.3–0.9)
  Gingival Index** (0–3) 0.3 ± 0.2 (0.2–0.4) — 0.5 ± 0.2 (0.3–0.7) 0.6 ± 0.2 (0.4–0.8) 0.7 ± 0.3 (0.4–1.0)
Scalpel group (n = 19; 11 males and 8 females)
  Clinical crown length (mm) 7.9 ± 0.8 (7.6–8.3) 10.3 ± 0.8 (9.9–10.7) 9.9 ± 0.7 (9.5–10.2) 8.9 ± 0.6 (8.6–9.2) 8.6 ± 0.7 (8.3–8.9)
  Probing pocket depth (mm) 4.9 ± 1.1 (4.4–5.4) 0.9 ± 0.3 (0.7–1.0) 1.8 ± 0.4 (1.7–2.0) 2.6 ± 0.6 (2.3–2.9) 2.9 ± 0.4 (2.7–3.1)
  Plaque Index* (0–3) 0.4 ± 0.2 (0.3–0.5) — 0.6 ± 0.3 (0.3–0.9) 0.5 ± 0.3 (0.2–0.8) 0.6 ± 0.3 (0.3–0.9)
  Gingival Index** (0–3) 0.3 ± 0.2 (0.2–0.4) — 0.5 ± 0.2 (0.3–0.7) 0.6 ± 0.3 (0.3–0.9) 0.7 ± 0.2 (0.5–0.9)
Control group (n = 18; 11 males and 7 females)
  Clinical crown length (mm) 7.6 ± 0.7 (7.2–7.9) — 8.0 ± 0.7 (7.7–8.4) 8.3 ± 0.6 (8.0–8.6) 8.2 ± 0.7 (7.8,8.5)
  Probing pocket depth (mm) 4.4 ± 0.5 (4.2–4.7) — 4.0 ± 0.3 (3.9–4.1) 3.3 ± 0.4 (3.1–3.5) 3.8 ± 0.3 (3.7–4.0)
  Plaque Index* (0–3) 0.6 ± 0.3 (0.4–0.7) — 0.5 ± 0.2 (0.4–0.6) 0.4 ± 0.2 (0.3–0.5) 0.7 ± 0.3 (0.5–0.9)
  Gingival Index** (0–3) 0.5 ± 0.2 (0.4–0.6) — 0.4 ± 0.2 (0.3–0.5) 0.5 ± 0.2 (0.2–0.4) 0.6 ± 0.2 (0.5–0.7)

CI, confidence interval.
*Plaque Index: 0 no plaque; 1 mild accumulation of plaque on the free gingival margin; 2 moderate accumulation of plaque within the gingival pocket; 3 

abundance of plaque within the gingival pocket.
**Gingival Index: 0 absence of inflammation; 1 mild inflammation; 2 moderate inflammation; 3 severe inflammation.

Table 2.  Descriptive statistics and multiple comparisons (ANOVA with repeated measures and Tukey’s post hoc tests) of the 1-month - base-
line changes in all three groups.

Laser group 
(n = 19;  
9 males and 10 
females)

Scalpel group 
(n = 19;  
11 males  
and 8  
females)

Control  
group 
(n = 18; 11  
males and  
7 females)

Laser  
group  
versus  
scapel group

Laser  
group  
versus  
control 
group

Scapel  
group  
versus  
control 
group

Laser  
group  
versus 
scapel 
group

Laser  
group  
versus  
control  
group

Scapel  
group  
versus  
control  
group

 Mean ± SD Diff. P value (95% CI)

Clinical  
crown  
length (mm)

2.4 ± 0.8 2.0 ± 0.8 0.4 ± 0.2 0.4 2.0 1.6 ns 0.000  
(1.4–2.4)

0.000  
(1.0–2.0)

Probing  
pocket  
depth (mm)

−3.0 ± 1.1 −3.1 ± 1.1 −0.4 ± 0.5 0.1 −2.6 −2.7 ns 0.000  
(−3.3 to −1.8)

0.000  
(−3.4 to −1.9)

CI, confidence interval; Diff, differences; ns, not significant, P < 0.05.
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At 6 months versus baseline control, only a significant decrease of 
PPD in both TGs was observed when compared with CG (−1.5 mm 
TG1; −1.4 mm TG2) (Table 5; Figure 5).

Discussion

The primary objective of the present study was to test the effi-
cacy of two different surgical techniques in the management of 
GE in patients undergoing fixed orthodontic appliance therapy. 
Orthodontic subjects are particularly suitable to conduct high-
quality clinical trials because they are easily available for follow-
up assessments. However, to our knowledge, no previous studies 

in literature compared the use of the soft tissue diode laser with 
conventional surgery and with non-surgical periodontal treatment 
for GE treatment in orthodontic population. Moreover, the study 
design, i.e. a randomized controlled trial with sufficient power, 
ensured high scientific value. GE is one of the most common soft 
tissue problems associated with fixed appliance therapy, with a 
reported prevalence of almost 10% (1). Although the short-term 
effects of gingivectomy are well known (1–3, 8–10), in the present 
study, the long-term effects of the surgical procedures in patients 
with fixed appliances were observed, analysing the degree of relapse 
at 1, 3, and 6 months after the gingivectomy. In this way it was pos-
sible to evaluate as conventional surgery or laser-assisted surgery 

Table 5.  Descriptive statistics and multiple comparisons (ANOVA with repeated measures and Tukey’s post hoc tests) of the 6-month-
baseline changes in all three groups. 

Laser group 
(n = 19; 9 
males and 10 
females)

Scalpel group 
(n = 19; 11 
males and 8 
females)

Control group 
(n = 18;  
11 males  
and 7 females)

Laser 
group  
versus 
scapel 
group

Laser  
group  
versus  
control 
group

Scapel  
group  
versus  
control  
group

Laser  
group  
versus  
scapel  
group

Laser  
group  
versus  
control  
group

Scapel  
group  
versus  
control  
group

 Mean ± SD Diff. P value (95% CI)

Clinical crown 
length (mm)

0.9 ± 1.1 0.7 ± 1.1 0.6 ± 0.3 0.2 0.3 0.1 ns ns ns

Probing pocket 
depth (mm)

−2.1 ± 1 −2.0 ± 1 −0.6 ± 0.5 −0.1 −1.5 −1.4 ns 0.000 
(−2.1 to −0.9)

0.000 
(−2.1 to −0.8)

CI, confidence interval; Diff, differences; ns, not significant, P < 0.05.

Table 3.  Descriptive statistics and multiple comparisons (ANOVA with repeated measures and Tukey’s post hoc tests) of the 3-month -1-month 
changes in all three groups.

Laser group 
(n = 19;  
9 males and 10 
females)

Scalpel group 
(n = 19;  
11 males  
and 8  
females)

Control group 
(n = 18;  
11 males and  
7 females)

Laser 
group  
versus 
scapel 
group

Laser  
group 
versus  
control 
group

Scapel  
group  
versus  
control  
group

Laser 
group  
versus 
scapel 
group

Laser  
group  
versus  
control  
group

Scapel  
group  
versus  
control  
group

 Mean ± SD Diff. P value (95% CI)

Clinical crown 
length (mm)

−1.1 ± 0.9 −1.0 ± 0.9 0.3 ± 0.3 −0.1 −1.4 −1.3 ns 0.000  
(−1.9 to −0.8)

0.000  
(−1.9 to −0.8)

Probing pocket 
depth (mm)

0.7 ± 0.7 0.8 ± 0.7 −0.7 ± 0.5 −0.1 1.4 1.5 ns 0.000  
(0.9–1.8)

0.000 
(0.9–1.9)

CI, confidence interval; Diff, differences; ns, not significant, P < 0.05.

Table 4.  Descriptive statistics and multiple comparisons (ANOVA with repeated measures and Tukey’s post hoc tests) of the 6 months- 
3 months changes in all three groups.

Laser group 
(n = 19;  
9 males and 10 
females)

Scalpel group 
(n = 19;  
11 males and 8 
females)

Control group 
(n = 18;  
11 males and  
7 females)

Laser  
group  
versus 
scapel 
group

Laser  
group 
versus  
control 
group

Scapel  
group  
versus  
control  
group

Laser 
group  
versus 
scapel 
group

Laser  
group  
versus  
control  
group

Scapel  
group  
versus  
control  
group

 Mean ± SD Diff. P value (95% CI)

Clinical crown 
length (mm)

−0.4 ± 0.3 −0.3 ± 0.3 −0.2 ± 0.2 −0.1 −0.2 −0.1 ns ns  ns

Probing pocket 
depth (mm)

0.2 ± 0.1 0.3 ± 0.4 0.5 ± 0.5 −0.1 −0.3 −0.2 ns ns ns

CI, confidence interval; Diff, differences; ns, not significant, P < 0.05.
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influence gingival health respect to only non-surgical periodontal 
treatment, and if this procedure could be recommended for ortho-
dontic population with GE.

Functional crown lengthening procedure involves either a gin-
givectomy or an open flap surgical technique with resective osse-
ous surgery. Matter of choice between gingivectomy and open 
flap surgical technique depends upon several factors, as the width 
of attached gingiva and the position of the bone crest related to 
the CEJ (28). In our study, only patients with sufficient width of 
attached gingiva and bone crest >1 mm apical to the CEJ were col-
lected (type 1A) (13). The conventional scalpel 45° gingivectomy 
was used as the standard approach. The alternative to scalpel exci-
sion was the laser gingivectomy, which offers several advantages 
as well as sterilization of the surgical field, reduced haemorrhage 
during excision, potential of prompt healing, and minimal postop-
erative discomfort (18).

Intragroup comparisons identified significant changes in peri-
odontal parameters over time in both the TGs and the CG. After 
1 month, the major changes in the TGs, with larger decrease of 
PPD mean value and the greater increment of the CCL mean 
value, were observed. After 3 and 6  months, a gradual relapse 
occurred in the same parameters, due to a decreased patient’s 
compliance in maintaining good oral hygiene despite full-mouth 
periodontal debridement was performed every 3 months for both 
TGs and CG.

These results are in contrast with those of Mavrogiannis et al. 
(18) who found a lower rate of gingival changes between 1 month 
and 3 months, than that between 3 and 6 months suggesting that 
laser surgery appears to have a lower rate of recurrence of gingi-
val overgrowth when compared with conventional gingivectomy. In 
the CG, significant variations in the periodontal parameters were 
observed within 3  months. Furthermore, the changes of the pri-
mary outcome (reduction of PPD) and secondary outcome (increase 
of CCL) were significantly smaller when compared with the TGs, 
depending on a self-care approach for the management of GE. After 
6 months, a recurrence of gingival overgrowth also in the CG was 
observed. These results highlighted that non-surgical periodontal 
treatment can be effective in controlling gingival health problems 
only in the presence of a meticulous oral hygiene in the long period, 
while this therapy should not be recommended when GE is extensive 
and self-care is compromised.

Intergroup comparisons identified significant differences in the 
magnitude of changes in some of the clinical parameters between 
the TGs and the CG. The reduction of PPD and the increase of CCL 
were significantly greater in the TGs compared to the CG after 
1 month and 3 months, indicating that both the scalpel gingivectomy 
and the laser gingivectomy can quickly resolve GE. In addition, the 
adjunct use of gingivectomy was more effective in controlling gingi-
val inflammation than non-surgical periodontal treatment alone at 
1, 3, and 6 months, in according with To et al. (1).

Finally, after 6  months, the primary outcome PPD resulted 
improved in both TGs with a net gain of 2 mm and with recovered 
biologic width. The novelty of the present study was not compar-
ing two different surgical procedures, but to investigate the need of 
surgical intervention as an adjunct procedure to non-surgical peri-
odontal treatment in orthodontic population. All subjects were fol-
lowed and the periodontal parameters were recorded after 1, 3, and 
6 months to assess the recovery of soft tissue and the stability of 
gingival health.

Dental plaque is considered the main causative factor in peri-
odontal disease and orthodontic treatment with fixed appliances is 
a risk factor for plaque accumulation. Therefore, educational efforts 
should be made to accomplish orthodontic therapy with gingival 
health to avoid GE. When oral hygiene practices remain poor, surgi-
cal approaches are necessary to quickly recover soft tissue inflamma-
tions that compromise efficient orthodontic finishing.

However, clinical relevance should be interpreted with care 
because surgical gingivectomy is not effective in the long observa-
tion if self-care is compromised.

No differences were observed in the magnitude of changes of 
periodontal variables at 1, 3, and 6 months between the two TGs, 
showing the same effectiveness and the same degree of recurrence 
in the long period. The only differences between the two proce-
dures are intra-operative. The surgical technique was faster than 
laser and helped reducing the duration of the procedure, whereas 
the laser has the advantage of better haemostasis (7). Patients in the 
laser group had minimal bleeding which permitted better visualiza-
tion of the operative area and better assessment of the necessary 
tooth structure to be exposed, while the scalpel wound resulted in 
unpleasant bleeding with poor visualization of the operative area 
(13,19).

It has been shown that a collagen secretion is initiated as early 
as 6 hours after laser surgery allowing a better healing of the gum 
(7). However, Ize-Iyamu et al. (19) indicated that scalpel repair was 
equivalent or even better than laser repair as a result of thermal dam-
age to the tissues advocating the clinical use of the low-level diode 
laser as an alternative to scalpel incision.

Limitations
The present trial had a relatively short-term follow-up (i.e. 6 months) 
investigating gingival overgrowth in patients treated with fixed 
appliance only to recover crowding. Comprehensive fixed treatment 
to correct severe crowding or severe malocclusions can be iatrogenic 
to periodontal health particularly if treatment periods are lengthy. 
Therefore, a study with a longer follow-up and larger samples is 
required to support our claim that gingivectomy as an adjunct to 
non-surgical periodontal treatment improves gingival health.

Generalizability
The results of the present study can be generalized for patient groups 
with similar mean age, inclusion/exclusion criteria, and treatment 
protocol.

Figure 5.  (A) patient with gingival enlargement before laser-assisted 
gingivectomy; (B) the same patient at 6-month observation period.
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Conclusions

•	 The adjunct use of both scalpel gingivectomy and laser gingi-
vectomy was more effective in controlling gingival inflamma-
tion than non-surgical periodontal treatment alone at 1, 3, and 
6 months.

•	 After 6 months, the primary outcome PPD resulted improved in 
both TGs with a net gain in reducing PPD of 2 mm and with 
recovered biologic width.

•	 In the CG, greater improvement in the periodontal parameters 
were observed within 3 months. The reduction of PPD and the 
increasing of CCL were significantly smaller when compared 
with the TGs, depending on a self-care approach for the manage-
ment of GE.
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