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Effectiveness of Er:YAG laser-aided fiberotomy
and low-level laser therapy in alleviating relapse
of rotated incisors
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Introduction: In this study, we compared the effectiveness of laser-aided circumferential supracrestal
fiberotomy (CSF) and low-level laser therapy (LLLT) with conventional CSF in reducing relapse of corrected
rotations. Methods: The study included 24 patients who were at the finishing stage of orthodontic treatment
and had at least 1 maxillary incisor with 30� to 70� of rotation before starting therapy. The subjects were divided
into 4 groups by treatment: conventional CSF, Er:YAG laser-aided CSF, LLLT, and control. After alginate
impressions were taken, the archwire was sectioned from the experimental incisors, and they were allowed to
relapse. The second impression was taken 1 month later, and the degree and percentage of relapse were
calculated in photographs taken from the dental models. Gingival recession, pocket depth, and pain were
also measured in the CSF groups. Results: The mean percentages of relapse were 9.7% in the conventional
CSF, 12.7% in the Er:YAG laser-aided CSF, 11.7% in the LLLT, and 27.8% in the control groups. Relapse
was significantly greater in the control than the experimental groups (P \0.05), which were not statistically
different from each other. The changes in sulcus depth and gingival recession were small and not
significantly different among the CSF groups (P .0.05), but pain intensity was greater in subjects who
underwent conventional CSF (P 5 0.003). Conclusions: Er:YAG laser-aided CSF proved to be an effective
alternative to conventional CSF in reducing rotational relapse. LLLT with excessively high energy density was
also as effective as the CSF procedures in alleviating relapse, at least in the short term. (Am J Orthod
Dentofacial Orthop 2014;146:565-72)
Relapse of corrected tooth rotations is a great chal-
lenge frequently facing orthodontists after ortho-
dontic treatment. The slow turnover rate of

supracrestal soft tissues is usually blamed for this phe-
nomenon.1,2 Swanson et al3 reported an incidence of
48% for rotational relapse in patients 10 years out of
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retention. It has been demonstrated that the magnitude
of relapse is in proportion to the severity of the initial
rotation.3,4 Several strategies have been suggested as
adjuncts to minimize relapse tendency of previously
rotated teeth—eg, overrotation, early correction, and
long-term retention—but the most applicable and effi-
cacious method for this purpose is assumed to be
circumferential supracrestal fiberotomy (CSF).

Introduced by Edwards5 in 1970, CSF consists of
transecting the free gingival and transseptal fibers to in-
crease their adaptation to the new tooth position. The
effectiveness of the CSF procedure in reduction of peri-
odontal relapse has been demonstrated in previous
studies.6-11 However, some problems can occur during
or after the CSF surgery, including bleeding, pain or
discomfort, and the possibility of gingival recession and
deepening of the gingival sulcus; these have resulted in
relatively poor patient acceptability of the procedure.
Therefore, alternative approaches such as CSF with
electrosurgery12 or laser13 have been suggested.

Lasers have various applications in periodontal and
orthodontic procedures, including removal of hyper-
plastic gingiva, exposure of impacted teeth, frenectomy,
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Fig 1. Determining the pretreatment angle of rotation of the maxillary left lateral incisor by measuring
the angle formed between the incisal edge and the tangent to the esthetic line of occlusion.

566 Jahanbin et al
uncovering temporary anchorage devices, and CSF. It is
believed that laser-aided CSF has numerous advantages
compared with the conventional technique, including
minimal pain and swelling, little or no bleeding, and
lower probability of postoperative infection because
the laser beam sterilizes the irradiated area.

Low-level laser therapy (LLLT) has been used in med-
icine and dentistry for more than 40 years. This treat-
ment modality can have several biologic effects on
cells and tissues, such as enhanced wound healing,
reduced pain, and acceleration of the inflammation pro-
cess. It is believed that the efficacy of LLLT depends on
the dose applied. Arndt-Schultz14 proposed a therapeu-
tic window (between 0.01 and 10 J/cm2) at which the
biostimulatory effects of low-power lasers are presented,
whereas the inhibitory effects on physiologic activity can
be observed at higher dosages. LLLT has been recently
attempted in orthodontics for enhancing the stability
of rotational movements, but the results of a previous
study in this field were disappointing because signifi-
cantly more relapse was observed in the LLLT group
compared with the control group.13

There are few studies regarding the efficacy of LLLT
and laser-aided CSF in preventing rotational relapse,
and the pathologic sequelae of laser CSF on the perio-
dontium has not been investigated. Therefore, this study
was conducted to (1) investigate the efficacy of the
Er:YAG laser-aided CSF procedure and LLLT compared
with conventional CSF in alleviating relapse of ortho-
dontically corrected rotations, and (2) compare the mag-
nitudes of pain, gingival recession, and pocket depth
November 2014 � Vol 146 � Issue 5 American
alteration after conventional and laser-aided CSF proce-
dures.

MATERIAL AND METHODS

The pretreatment maxillary occlusal photographs of
patients at the finishing stage of orthodontic treatment
were evaluated to find those with at least 1 (up to 4)
rotated maxillary incisor(s) with 30� to 70� of rotation
before orthodontic therapy. The patients were under
treatment at the Department of Orthodontics, School
of Dentistry, Mashhad University of Medical Sciences,
Mashad, Iran, and at 1 private office in Mashhad,
Iran. The participants had no systemic diseases and ex-
hibited good oral hygiene. Patients with gingival
inflammation or periodontal problems and those with
proximal caries, deep caries extending to the cemen-
toenamel junction, or anatomic abnormalities in the
experimental teeth were excluded from the sample.
The exclusion criteria also involved patients who
consumed medicine that interrupted bone metabolism
and those with conditions for which laser therapy could
be contraindicated (eg, pregnancy). Twenty-four sub-
jects with 47 rotated maxillary incisors satisfied the in-
clusion criteria and agreed to participate in the study.
The patients (20 females, 4 males) ranged in age
from 16 to 32 years (mean age, 24.5 6 5.1 years).
The study protocol was reviewed and approved by
the ethics committee of Mashhad University of Medical
Sciences, and an informed consent document was ob-
tained from each participant after complete explana-
tion of the treatment process. The subjects were
Journal of Orthodontics and Dentofacial Orthopedics



Fig 2. A digital camera fixed at a 50-cm distance over a
cast positioned in a dental surveyor.
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divided into 4 groups by treatment: group 1 (conven-
tional CSF), group 2 (Er:YAG laser-aided CSF), group
3 (LLLT), and group 4 (control).

To measure the initial rotation of the maxillary inci-
sors, the pretreatment (T0) occlusal photograph of the
maxillary arch was scanned and imported into the Dig-
imizer image analysis software (version 4.1.1.0; MedCalc
Software, Mariakerke, Belgium). The esthetic line of oc-
clusion was then drawn in each photograph, and the
steep angle formed between a line passing through the
incisal edge of the rotated incisor and the line tangent
to the esthetic line of the dentition in the area of the
rotated tooth was calculated (Fig 1).

To assign teeth with severe rotations evenly in the
study groups, the teeth were divided into 2 groups
with 30� to 50� (moderate) or 51� to 70� (severe) rota-
tions, as measured in the pretreatment occlusal photo-
graphs. The subjects were then randomly allocated
into the 4 groups so that the teeth with moderate (31
teeth) or severe (16 teeth) rotations were evenly distrib-
uted among the groups. The mean (6 standard devia-
tion) degrees of initial rotation were 43.86� (610.4�)
in group 1, 48.12� (68.01�) in group 2, 45.67�

(68.48�) in group 3, and 49.23� (611.21�) in group 4.
The procedures performed in the study groups were as
follows.

Group 1 (conventional CSF) consisted of 6 patients
with 13 rotated incisors who underwent conventional
CSF surgery. Before the surgical procedure, the sulcus
depth of each tooth was determined by a periodontal
probe. The maximum depth of inserting the blade was
considered as the sum of the sulcus depth and the bio-
logic width (about 2 mm). Local anesthesia was used
with infiltration of 2% lidocaine combined with
1:100,000 epinephrine, and then the CSF was performed
by inserting a number 11.0 surgical blade into the
gingival sulcus up to the level of the alveolar crest. The
blade was moved around the tooth circumference to
sever the free gingival and transseptal fibers. A peri-
odontal pack was then placed on the tooth and remained
for 24 hours. The patients were asked to maintain good
oral hygiene. After the CSF procedure, the archwire was
retained for 1 month to allow reattachment of the peri-
odontal fibers in the ideal tooth position.

Group 2 (laser-aided CSF) included 6 subjects with 11
rotated teeth subjected to laser-aided fiberotomy. The
device used was an Er:YAG laser (Smart 2940D; Deka
Laser, Florence, Italy) emitting a wavelength of
2940 nm. The laser operated with 100 mJ of energy,
pulse repetition rate of 10 Hz, and air and water spray.
A contact handpiece with a 1.1-mm-diameter sapphire
tip was used for tissue incision. The maximum depth
of inserting the laser tip was determined similar to that
American Journal of Orthodontics and Dentofacial Orthoped
in group 1. After local anesthesia, laser-aided CSF was
performed by inserting the laser tip intrasulcularly at
an angle of 10� to 15� to the radicular surface of the
tooth. Since the light is irradiated from the end of the
tip, the handpiece was moved in an apicocoronal direc-
tion during the CSF surgery. Little or no bleeding was
observed, and no periodontal pack was inserted after
the procedure. The patients were asked to maintain
good oral hygiene. Similar to group 1, the archwire
was retained for 1 month after surgery to allow reattach-
ment of the gingival and periodontal fibers in the ideal
tooth position.

Group 3 (LLLT) involved 12 rotated incisors in 6 pa-
tients who were treated with a low-level gallium-
aluminum-arsenide diode laser (DD2 Control Unit;
Thor, London, United Kingdom) to alleviate relapse of
orthodontically corrected rotations. The laser emitted a
wavelength of 810 nm and operated in continuous
wave mode with maximum power of 200 mW. The laser
probe was positioned in contact with gingival tissue in
the coronal third of the root, and the irradiation was
performed on 4 points around the tooth, including me-
siobuccal, distobuccal, mesiolingual, and distolingual
areas. The laser was irradiated for 50 seconds per point,
and thus each tooth received 200 seconds of laser irra-
diation. The energy dose at each area was calculated to
be 35.7 J/cm2, considering the surface area of 0.28 cm2

for the probe. LLLT was performed twice a week for
4 weeks.

Group 4 (control) included 6 patients with 11 rotated
incisors; no intervention to minimize relapse was
performed.
ics November 2014 � Vol 146 � Issue 5



Fig 3. Calculating the angle formed between the incisal edge of the experimental incisor and the refer-
ence line (perpendicular to the line passing through the central fossae of first molars).
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To determine the amount of relapse, the finishing
archwire was removed from the maxilla, and an alginate
impression was taken (T1). This initial impression was
taken 1 month after performing conventional and
laser-aided CSF in order to allow healing of supracrestal
soft tissues following the surgical intervention. The
impression was poured with orthodontic plaster, and
the dental models were positioned on a prosthetic sur-
veyor, so that the occlusal plane of the model was posi-
tioned horizontally. The dental models were then
photographed at constant magnification with a digital
camera (AVerMedia Technologies Inc, New Taipei City,
Taiwan) that was fixed at a distance of 50 cm over the
casts (Fig 2). The images were then imported into the
Digimizer software in which a reference line was drawn
that was perpendicular to the line linking the central
fossae of the first molars and passing through the
midline of the maxillary dentition. The angle formed be-
tween the incisal edge line of the experimental incisor
and the reference line was then calculated (Fig 3) and
rounded to 0.1�.

After taking the first impression, the archwire was
sectioned from the experimental incisors, and they
were allowed to relapse. The remaining teeth in the
arch, however, were ligated to each other, and the arch-
wire was maintained on them to prevent dental move-
ments in other parts of the maxilla.
November 2014 � Vol 146 � Issue 5 American
The second alginate impression was taken 30 days af-
ter removing the orthodontic archwire from the previ-
ously rotated teeth (T2; 2 months after CSF in groups
1 and 2), and the angle formed between the incisal
edge of the tooth and the reference line was measured
again. The mean relapse was reported as an absolute
value calculated by subtracting the angle obtained at
T1 from the corresponding value at T2. The percentage
of relapse was also calculated relative to the initial angle
of rotation according to the following formula:

The percentage
of relapse5

the amount of relapse
the initial degree of rotation

3100

Pocket depth and gingival recession were assessed
preoperatively and 2 months postoperatively (allowing
1 month for healing and 1 month for relapse) in groups
1 and 2 to determine any detrimental effects of the CSF
procedure on the periodontium. Pocket depth was re-
corded at 6 points around the experimental tooth (me-
siobuccal, buccal, distobuccal, mesiolingual, lingual,
and distolingual) with a periodontal probe to the nearest
0.5 mm, and the average pocket depth was then deter-
mined for the tooth using these measurements. Pocket
depth alteration was then calculated for each experi-
mental tooth by subtracting the pocket depth obtained
at T1 from the T2 reading.
Journal of Orthodontics and Dentofacial Orthopedics



Table I. Descriptive statistics and the results of statistical analysis for comparison of the amount (degree) and per-
centage of relapse among the study groups

Group

Initial angle of rotation (T0) Amount of relapse (T2�T1) Percentage of relapse (T2�T1)/T0

Mean 6 SD (�) Mean 6 SD (�)
Pairwise

comparisons* Mean 6 SD (%)
Pairwise

comparisons*
Conventional CSF 43.86 6 10.40 4.24 6 1.12 a 9.66 6 2.27 a
Laser-aided CSF 48.12 6 8.01 6.12 6 1.77 a 12.71 6 3.86 a
Low-level laser therapy 45.67 6 8.48 5.33 6 1.91 a 11.67 6 3.63 a
Control 49.23 6 11.21 13.67 6 3.27 b 27.82 6 6.29 b
Statistical significance (ANOVA) P 5 0.997 P\0.001 P\0.001

*Tukey pairwise comparison test. Different letters indicate statistically significant differences at P\0.05
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For determining gingival recession, the height of the
buccal crown from the incisal edge of the incisor to the
most apical point of the gingiva (gingival zenith) was
measured with a gauge to the nearest 0.5 mm. The
mean gingival recession was calculated by subtracting
the crown height at T1 from that at T2.

The patients were also asked to mark the amount of
pain perceived within the first 24 hours after the CSF sur-
gery on a visual analog scale, consisting of a 10-cm hor-
izontal line, with 0 indicating no pain and 10 indicating
the most terrible pain.

The clinical and dental cast measurements were per-
formed by 1 investigator (M.B.). Double readings were
taken for pretreatment angle of rotation, pocket depth,
and buccal crown height variables, and the average
was recorded. To determine the measurement error of
the dental models, 10 models (with 18 rotated teeth)
were randomly selected, and tooth rotation was calcu-
lated again. The measurement error was in the range
of 0.1� to 1.2�. The Pearson correlation coefficient test
showed no statistical difference between the 2 measure-
ments (r 5 0.997, P .0.05).

Statistical analysis

After we evaluated the normality of the data with the
Kolmogorov-Smirnov test, we ran the 1-way analysis of
variance (ANOVA) to determine any significant differ-
ences in the initial angles of rotation and the degrees
and percentages of relapse among the study groups, fol-
lowed by the Tukeymultiple-range test for pairwise com-
parisons. The Student t test was used to determine any
significant differences in pocket depth and pain intensity
between the conventional and laser-aided CSF groups.
Because of the nonnormal distribution of the data
regarding gingival recession, the Mann-Whitney U test
was used for statistical comparisons among the 2 groups.
The statistical calculations were conducted with SPSS
software (version 11.0; SPSS, Chicago, Ill), and P values
less than 0.05 were considered to be significant.
American Journal of Orthodontics and Dentofacial Orthoped
RESULTS

Table I presents descriptive statistics regarding rota-
tion of the experimental incisors before starting ortho-
dontic treatment (initial rotation at T0) and the
amounts and percentages of relapse observed between
T1 and T2. The mean amounts of relapse 1 month after
sectioning the archwire from the experimental tooth
were 4.24� 61.12� in group 1 (conventional CSF),
6.12� 6 1.77� in group 2 (laser-aided CSF),
5.33� 6 1.91� in group 3 (LLLT), and 13.67� 6 3.27�

in group 4 (control). As can be observed in Table I,
the lowest percentage of relapse occurred in the conven-
tional CSF group (9.66%) followed by the LLLT (11.67%)
and Er:YAG laser-aided CSF (12.71%) groups. The high-
est percentage of relapse (27.82%) was observed in the
control group.

ANOVA indicated no significant between-group dif-
ferences in the pretreatment angle of rotation of the
experimental incisors (P5 0.997), but there were signif-
icant differences in the degrees and percentages of
relapse among the study groups (P \0.001). Multiple
comparisons with the Tukey test showed no significant
differences in the degrees and percentages of relapse
among the conventional CSF, laser-aided CSF, and
LLLT groups (P .0.05), whereas the control group had
a statistically greater relapse than did the other groups
(P\0.05).

Table II indicates the average pocket depth in each
group before and 2 months after CSF. Both groups
showed small increases in sulcus depth 2 months after
the surgical procedures. An independent-sample t test
showed no significant difference in pocket depth alter-
ations between the conventional and laser-aided CSF
groups (Table II).

Table III gives the buccal crown height and the
amount of gingival recession in the conventional and
laser-aided CSF groups. A small amount of gingival
recession was observed after surgery in both groups.
The Mann-Whitney U test showed no significant
ics November 2014 � Vol 146 � Issue 5



Table III. Comparison of clinical crown heights and
amounts of gingival recession between the conven-
tional and laser-aided CSF groups

Group

Primary
crown
height

Crown height
2 months

after fiberotomy
Gingival
recession

Mean 6 SD
(mm)

Mean 6 SD
(mm)

Mean 6 SD
(mm)

Conventional CSF 9.46 6 1.22 9.69 6 1.49 0.23 6 1.31
Laser-aided CSF 9.27 6 1.49 9.73 6 1.56 0.46 6 1.41
Statistical
significance

P 5 0.527 P 5 0.425 P 5 0.257

Fig 4. Pain intensity within the first 24 hours after conven-
tional and laser-aided CSF surgeries. VAS, Visual analog
scale.

Table II. Comparison of pocket depths before and
after surgery between the conventional and laser-
aided CSF groups

Group

Primary
sulcus depth

Sulcus depth
after fiberotomy

Change in
sulcus depth

Mean 6 SD
(mm)

Mean 6 SD
(mm)

Mean 6 SD
(mm)

Conventional CSF 1.89 6 0.32 2.07 6 0.29 0.18 6 0.12
Laser-aided CSF 1.68 6 0.44 2.04 6 0.50 0.36 6 0.21
Statistical
significance

P 5 0.125 P 5 0.547 P 5 0.138
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difference between groups 1 and 2 regarding the
amount of gingival recession after the CSF procedures
(Table III).

Figure 4 indicates pain and discomfort within the
first 24 hours after the CSF procedure in the 2 groups.
Although pain intensity was not severe in any group, it
was about twice as high in the conventional CSF group
(4.04 6 1.12) than in the Er:YAG laser-aided CSF group
(1.97 6 0.72). An independent-sample t test showed
significantly less pain in patients who underwent laser-
aided CSF compared with those treated with the conven-
tional CSF procedure (P 5 0.003).

DISCUSSION

In this study, we found that both laser-aided CSF and
LLLT were as effective as the conventional CSF surgery in
alleviating relapse of rotated maxillary incisors within a
short observation period (1 month). For ethical reasons,
the archwire was retained in place for 1 month after CSF
surgery to allow healing of the supracrestal fibers, and
then the teeth were allowed to relapse. For determining
relapse, we used a reference line that was perpendicular
to the line linking the central fossae of the first molars,
similar to that used by Kim et al.13 Some previous studies
used Little's irregularity index for measuring rotational
November 2014 � Vol 146 � Issue 5 American
relapse. This criterion, however, is influenced not only
by the degree of tooth rotation, but also by its antero-
posterior position.6

In this study, a 9.7% relapse occurred in the CSF
group, whereas the control group experienced a 27.8%
rotation over 1 month. This means that the percentage
of relapse decreased to approximately a third after con-
ventional CSF surgery. Edwards6 reported that the mean
relapse in patients who underwent CSF surgery was
approximately 29% lower than the control patients 4
to 6 years after active treatment. The smaller difference
between the relapse of the control and CSF patients in
this study (18.1%) compared with that of Edwards might
be related to the different indexes used for assessing
relapse or the different follow-up intervals used in these
studies.

In the laser-aided CSF group, the percentage of rota-
tional relapse was 12.7%: ie, about 15.1% lower than
the control group. Kim et al13 induced rotation in the
mandibular lateral incisors of beagles by orthodontic
elastic chains over 4 weeks and then performed CSF us-
ing a gallium-aluminum-arsenide diode laser. Four
weeks later without any retainer, they found that the
rates of relapse were 14.5% in the laser CSF group and
41.3% in the control group (27% reduction in relapse).
In the study of Kim et al, there was a high degree of
orthodontically induced rotation at the time of CSF sur-
gery; in our study, the patients were in the finishing
stage of orthodontic treatment; thus, the supracrestal fi-
bers of the experimental teeth had a greater chance for
remodeling after rotational correction. Furthermore,
we retained the experimental teeth for 1 month, but in
Journal of Orthodontics and Dentofacial Orthopedics
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the study of Kim et al,13 the teeth were free to relapse
immediately after the CSF surgery. These facts might
explain the higher efficacy of laser-aided CSF surgery
for reducing the relapse of orthodontically rotated teeth
in that study compared with our investigation.

In this study, an Er:YAG laser with a sapphire tip
1.1 mm in diameter was used for CSF, with 100 mJ,
10 Hz, and air and water spray. The reason for selecting
the Er:YAG laser was its advantages, including high ab-
sorption in water and hydroxyapatite, which prevents
temperature increases at the root surface and adjacent
tissues,15 although some surface roughness and limited
loss of cementum can be observed after Er:YAG laser
irradiation, especially at higher energy settings and repe-
tition rates.16-18 However, using an Er:YAG laser with
similar parameters to those in this study, Lee et al19 re-
ported smooth surface textures and no significant
changes in the chemical composition of the cementum.
Other possibilities are a diode or a carbon dioxide laser
for CSF,19 but the risk of thermal side effects is higher
because of the lack of a cooling system and the lower ab-
sorption of these wavelengths in water.

The outcomes of this study showed a relapse rate of
11.7% in the LLLT group; this was 16.1% lower than
that observed in the control group. There was no statis-
tical difference in the percentage of relapse between the
LLLT and the 2 CSF groups, whereas the control teeth
experienced significantly greater relapse than did all
the experimental groups. LLLT was performed 2 times
a week in this study, and the duration of laser applica-
tion was about 3 minutes on each tooth. This procedure
appeared to be simple and applicable in clinical prac-
tice. The coronal third of the root was selected for laser
irradiation due to the presence of supracrestal fibers in
this area that are believed to be the main cause of rota-
tional relapse. It is possible that the efficacy of LLLT in
diminution of relapse would be enhanced by increasing
the duration or the frequency of laser applications, but
this would be at the expense of reduced simplicity and
applicability of the procedure.

Regarding the effect of LLLT on reducing relapse of
orthodontically rotated teeth, the only study found in
the literature was that of Kim et al,13 in which a low-
power 810-nm diode laser was applied on 8 points
around the root with an energy density of 4.63 to
6.47 J/cm2 per point. Interestingly, the authors reported
a relapse rate of 56.8%, which was significantly greater
than that of the control group (41.3%). Although Kim
et al did not explain the role of LLLT in the increased
rate of relapse, the therapeutic effects of low-power la-
sers mainly depend on the dose applied. We believe that
the high rate of relapse reported in that study was related
to the acceleration of bone remodeling because of the
American Journal of Orthodontics and Dentofacial Orthoped
use of optimum energy densities that promoted tooth
movement and the relapse tendency of the orthodonti-
cally moved teeth. In contrast, we applied a remarkably
high energy density (35.7 J/cm2) to benefit from the
inhibitory effects of LLLT on biostimulation. This might
reduce the relapse tendency, at least in the period of laser
irradiation, by suppressing the activity of the supracres-
tal fibers and decreasing bone remodeling in the irradi-
ated areas. The dose-dependent effect of LLLT has also
been indicated in previous studies regarding the rate
of tooth movement, and it may be the main reason for
the controversies observed in this field.20,21

Comparison of visual analog scale scores between the
2 CSF groups indicated that the pain experienced within
the first 24 hours after conventional CSF was twice as
much as that observed with the laser-aided CSF (4.04
vs 1.97). The minimal pain during and after laser-
assisted surgical procedures has also been reported by
previous authors.22,23 However, the possibility of the
placebo effect because of treatment with a high-
quality laser apparatus should also be considered.24,25

The increases in sulcus depth were on average
0.18 mm in the conventional CSF group and 0.36 mm
in the laser-aided CSF group. A small amount of gingival
recession was also observed that was about twice as
much in the laser CSF group (0.46 mm) than in the con-
ventional CSF group (0.23 mm). These changes were
small and not significantly different between the 2
groups but confirm the finding of Rinaldi26 that CSF
should be performed with caution in the midfacial
portions of the anterior teeth with thin and friable tis-
sues. Most orthodontic patients have transient hyper-
plastic gingivitis at the time of appliance removal that
will subside thereafter, a factor that might have contrib-
uted to the small amount of gingival recession observed
in our investigation. Rinaldi26 observed a maximum
change of 0.36 mm in sulcus depth and concluded
that pocket depth was virtually maintained at a physio-
logic level with no clinically significant deepening at
4 months after the CSF procedure. Kim et al13 reported
no sign of gingival recession but about a 0.67-mm
increase in the periodontal pocket depth at 4 weeks
after diode laser CSF compared with the initial measure-
ment.

The outcome of this study advocates the use of
Er:YAG laser-aided CSF as an alternative to the conven-
tional CSF procedure, because it can be associated with
greater patient acceptance and fewer surgical complica-
tions such as pain or discomfort and bleeding. Further
studies are warranted to elucidate the long-term effec-
tiveness of laser-assisted fiberotomy on improving the
stability of corrective tooth rotations and any pathologic
sequelae of this procedure on the periodontium. The
ics November 2014 � Vol 146 � Issue 5
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exact mechanism and the long-term efficacy of LLLT on
reducing relapse of rotated teeth also need further inves-
tigations.

CONCLUSIONS

Under the conditions used in this study, we concluded
the following.

1. Er:YAG laser-aided CSF was as effective as the con-
ventional CSF procedure in diminishing relapse of
orthodontically corrected rotations, while causing
less pain and discomfort for the patients.

2. LLLT with an excessively high irradiation dosage
also proved effective in alleviating the rotational
relapse, at least in the short term, compared with
the control group.

3. There were a negligible increase in pocket depth and
some clinically unobservable recession of the facial
gingiva in both the conventional and the laser-
aided CSF groups, with no significant difference to
each other.
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