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Abstract: Lip repositioning surgeries are performed to treat patients with excessive GD (EGD). This
study aimed to explore and compare the long-term clinical results and stability following the modified
lip repositioning surgical technique (MLRS) with the addition of periosteal sutures compared to the
conventional lip repositioning surgery (LipStaT®) in order to address EGD. A controlled clinical trial
with female participants (1 = 200) intended to improve their gummy smile were divided into control
(n =100) and test (n = 100) groups. The gingival display (GD), maxillary lip length at rest (MLLR),
and maxillary lip length at maximum smile (MLLS) were measured at four time intervals (Baseline;
1 Month; 6 Months, and 1 Year) in millimeters (mm). Data were analyzed by ¢-tests, Bonferroni-test,
and regression analysis using SPSS software. At the one-year follow-up, GD for the control and
test groups were 3.77 + 1.76 mm and 2.48 + 0.86 mm, respectively, and their comparisons showed
that GD was considerably lower (p = 0.000) in the test group compared to the control group. The
MLLS measurements taken at baseline, one-month, six-month, and one-year follow-up showed no
significant differences (p > 0.05) between the control and test groups. At baseline, one-month, and
six-month follow-up, the mean and standard deviation for the MLLR were almost similar, with no
statistically significant difference (p = 0.675). The MLRS is a successful and viable treatment option
for the treatment of patients with EGD. The current study showed stable results and no recurrence
with MLRS until the one-year follow-up compared to LipStaT®. With the MLRS, a 2 to 3 mm decline
in EGD is usually to be expected.
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1. Introduction

People are increasingly being inspired to get more corrective and cosmetic surgeries as
an esthetic smile becomes a more fundamental component of what it means to be beautiful.
There are several variables that affect how appealing and esthetic a smile is [1]. Esthetic
perception varies according to cultural, societal, environmental, and individual factors like
experience and educational level [2]. Previous studies have shown that a smile with less
gingival display (GD) is viewed as more beautiful, with dental professionals being more
critical of gingival presentation than laypeople [3].

According to research by several authors, the ideal GD ranges from 1 to 3 mm [3,4].
While many factors influence how pleasant a smile is seen, excessive GD (EGD), sometimes
referred to as a gummy smile, is regarded as a key factor in smile analysis and one of the
main issues connected to an unsatisfactory dental smile [5]. A full, lively smile with an
excess of more than 2-4 mm of gingival show is considered to have EGD [3-5]. When there
is lip hypermobility, this may be more obvious. In a typical smile, at least 50% of patients
present some type of GD (GD). However, up to 76% of all patients may display exaggerated
or forced smile patterns [6]. In a “normal” smile, there should be 1-2 mm of GD between
the gingival margin of the anterior central incisors and the inferior border of the upper lip.
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Conversely, laypeople and general dentists consider an excessive gingiva-to-lip distance of
4 mm or more to be “unattractive” [7,8].

EGD can have a number of etiologies, such as gingival enlargements, bony maxillary
excess, inadequate maxillary lip length, hypermobile upper lip, and extra bone in the
maxilla [4]. Therefore, the primary etiology or the combination of etiologies identified in
each instance should be the focus of the therapeutic strategy. Normal upper lip translation
during a dynamic smile typically ranges from 4-6 mm from rest. Clinical evaluation
using lip translation from the relaxed posture to the widest smiling position can identify a
hypermobile upper lip. A surgically predictable method known as lip repositioning surgery
(LRS) is one of the therapy options available to rectify this excessive translation [9,10].
Therefore, it is absolutely crucial for dental practitioners to correctly identify the etiology
before beginning any type of treatment to improve a patient’s smile.

In order to move the lip to a lower position throughout the healing process, a strip
of mucosa from the maxillary vestibule must first be removed through a partial thickness
incision. Then the lip mucosa must be stitched to the mucogingival line [6,9,11,12]. With
this surgical procedure, numerous reports have shown positive results with good esthetic
outcomes [12]. A significant percentage of relapse has, however, been seen in some cases
six months to a year after the surgery. To prevent the lip muscle from relapsing into
its original position, several articles [11,12] recommend removing the attachment. This
may help reduce the flap strain during suturing. Utilizing an alloplastic or autogenous
separator is another way to stop the muscles that control smiling from reattaching [13].
This spacer is positioned nasally between the lip’s elevator muscles and the anterior nasal
spine, preventing the relocated lip from advancing.

Furthermore, rhinoplasty and lip realignment have also been proposed [14]. There are
case reports of frenectomy with crown lengthening, as well as lip repositioning combined
with depigmentation and lengthening of the crown. The combination of lip realignment
and crown lengthening has also been done using a laser [11-16].

Recently, several case studies have described some modifications to the traditional /
conventional lip repositioning surgery (LipStaT®) for treating EGD; however, studies with
a good number of patients and long-term follow-up for the modified lip repositioning
surgical technique (MLRS) are lacking [6,17-19]. Only one study by Al Jasser et al., 2021 [20],
on a twin population utilizing the MLRS, was found in the literature. The results of that
study showed promising results with MLRS; however, due to the low sample size, the
authors recommended future studies with a larger sample size. Thus, the present study
aimed to explore and compare the long-term qualitative and quantitative results in clinical
changes following an MLRS procedure that used periosteal sutures to secure the new lip
position compared to the classic LRS in order to address EGD.

2. Materials and Methods
2.1. Ethical Approval

At the College of Dentistry Research Center, King Saud University, Riyadh, Saudi
Arabia, the Institutional Review Board (IRB) and Institutional Committee of Research Ethics
approved and registered (Approval/Registration no. E-18-113207) the study for ethical
reasons. The 2013 revision of the 1975 Helsinki Declaration was followed when conducting
the study.

2.2. Study Participants

The target audience included female subjects who intended to improve their gummy
smile. After choosing an appropriate target population for the study, the communication
was tailored to each participant to convey all pertinent details about the proposed surgical
procedures’ measures and associated clinical parameters, as well as the study’s objectives,
design, risks, and potential benefits. The lead researcher contacted the study’s target
population and asked for their participation. People who expressed interest in the study
were then evaluated for the inclusion criteria, which stipulated that the subjects had to be
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(i) adults aged 18 or older, (ii) seeking treatment at the periodontology clinic located at
the College of Dentistry at King Saud University, Riyadh, Saudi Arabia. (iii) Systemically
healthy or eligible for periodontal surgical operations (ASA I & II), (iv) reported a wish to
enhance the esthetics of their gummy smile/EGD. The study excluded people diagnosed
with bony maxillary excess or with a history of receiving face Botox or filler injections.
Those who met all the criteria were chosen to take part in the study. Before the study began,
the informed consent forms were signed by all eligible subjects.

2.3. Design, Randomization, and Calibration of the Study

A single-centered, single-blinded, randomized, controlled clinical trial design was
used in this investigation. Block randomization employed a straightforward randomization
technique. It was simple to put into practice, and the allocation of treatment for the
subjects was totally random. The subjects were kept in the dark about which treatment
(LipStaT®/MLRS) each person would receive. This process was employed to avoid bias in
research findings. The lead investigator (R.N.A.) performed all surgical procedures and
examinations for calibration.

2.4. Selection and Calculation of Sample Sizes

The final sample size of 200 patients, 100 patients each in the control and test group,
was calculated by the G Power® software with confidence level of 95% and moderate
effect size.

2.5. Examination and Diagnosis

Review of the participants’ family and medical histories and examinations within
and outside the mouth was completed prior to commencement of the procedure. An
orthodontist conducted a facial and skeletal investigation to rule out the presence of bony
maxillary excess or skeletal deformity. Additionally, the clinical attachment level, bleeding
index, plaque index, and keratinized tissue width was measured as part of the periodontal
examination. According to Marcuschamer et al., the presence of altered passive eruption
was ruled out by measuring the dimensions and ratio of the maxillary anterior teeth as well
as the Zenith from the first molar to the first molar in the adjacent quadrant to make sure
all teeth fell within normal dimensions [21]. Based on a fresh series of intra-oral peri-apical
radiographs taken from the first molar to the last tooth on the opposing side, the entire
bone level was evaluated. To rule out a short lip as the cause, the length of the maxillary lip
length at rest (MLLR) was measured. A whole dynamic smile was used to quantify the GD
on each tooth from the first molar to the first molar at three different sites for each anterior
tooth. Using William'’s periodontal probe, all measurements were taken and recorded to
the nearest millimeter (Hu-Friedy Co., Chicago, IL, USA). The three-time readings’ mean
served as the foundation for the final measurement.

2.6. Assessment and Measurement of GD, Maxillary Lip Length, and Mobility

Each participant was seated upright while measurements were taken with a disposable
15 cm marked ruler. The GD over the maxillary right central incisor was measured using a
specially manufactured millimeter ruler while the patient smiled the widest (Figure 1a).
The distance between the sub-nasal and the most inferior part of the lip at the midline
in the resting position and in maximum smile was used to determine the MLLR and
maxillary lip length at maximum smile (MLLS) (Figure 1b,c). Measurements less than
20 mm were determined to be the short upper lip in the current study based on earlier
data that stated the normal average lip length is 21.2 & 2.4 mm to 23.4 & 2.5 mm [22,23].
Finally, the amount of translation of the inferior border of the lip from the rest position at
maximal smile was used to measure lip mobility. Hypermobile lip was diagnosed whenever
translation exceeded 6 mm [12]. The same calibrated periodontist took all measurements at
the baseline, one-month, six months, and one-year post-surgical follow-up.
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Figure 1. (a) Clinical Image of custom-made ruler used to measure gingival display (GS) as the
vertical double arrow corresponds to GS measurement.; (b) clinical Image of custom-made ruler used
to measure maxillary lip length at rest (MLLR) as the vertical double arrow corresponds to MLLR.;
(c) clinical Image of custom-made ruler used to measure maxillary lip length at maximum smile
(MLLS) as the vertical double black arrow corresponds to MLLS.

2.7. Lip Repositioning Surgery Performed for the Control Group

The LipStaT® method, as described by Bhola et al., was used in this group’s surgical
protocol [12]. Before surgery, the participants were told to rinse for one minute with
0.12% chlorhexidine. Local infiltration (2% lidocaine with 1:50.000 epinephrine in the
buccal vestibule) was used to produce anesthesia. A surgical marker was used to outline
the boundaries of the surgical incision region. Based on the horizontal expansion of the
dynamic grin, the inferior border was 1 mm coronal to the mucogingival junction and
extended to the first molar area bilaterally. Based on a 2:1 ratio of vertical extension being
twice the measurement of EGD at a full dynamic smile, the height of the superior incision



Diagnostics 2023, 13,716

50f13

was measured as 15 mm within the vestibule. Superior and inferior incisions were made
with a scalpel blade number 15 and linked bilaterally by two vertical incisions. A partial
thickness dissection was used to remove the strip of the indicated mucosa, exposing the
fascia of the connective tissue beneath. When necessary, all salivary glands and frenal
attachments were removed (Figure 1b). The surgical site was then properly closed using
continuous interlocking sutures made of polypropylene 4/0 (PROLENE® Polypropylene
Suture, Ethicon US, LLC, Irvine, CA, USA) that were started on one side of the incision and
ended on the opposite side. The new mucosal boundary to the gingiva was stabilized in its
new place using this suture.

2.8. Surgical Modification Performed for Test Group

The test group underwent the same surgical approach, except that a periosteal simple
interrupted suture was put in place prior to the continuous interlocking sutures. This
vertical simple, interrupted suture was used in locations with strong connective tissue or
frenal attachments. It was placed by commencing the needle 2 mm coronal to the base of
the connection and moving it apically by crossing the connective tissue attachment up to
6 mm before tying the knot. The thick connective tissue attachments were supposed to
be moved and stabilized by this suture in a more coronal position. Vicryl 4-0 resorbable
sutures were used for all periosteal sutures (VICRYL RAPIDE™ (polyglactin 910) Suture,
Ethicon US, LLC, Irvine, CA, USA). Per surgery site, 3 to 4 periosteal sutures were typically
inserted (Figure 2). Finally, the same skilled periodontist conducted all of the procedures.

2mm
Thick Thick Periosteal
attachment . suture
of connecﬂve acment 6 mm
of connective
tissue 4
tissue —
Bone Bone Final Bone
approx-
imating
suture
Epithelium Epithelium
a b c

Figure 2. Schematic drawings portraying the periosteal suturing utilized. (a) The needle is inserted,
starting 2 mm coronal to the base of the thick connective tissue attachment or frenal attachment, then
the needle is slid apically, passing the attachment. (b) Sliding the needle up to 6 mm and tying a
knot creates a simple interrupted suture. (c) The suture is intended to move and stabilize the thick
connective tissue attachments in a more coronal position.

2.9. Post-Surgery Instructions

Analgesics (acetaminophen 750 mg/ibuprofen 400 mg alternating dosage every 4 h)
were given to the participants for 2 days, and they were also told to rinse twice daily for
10 days with 0.12% chlorhexidine. They were told to use cold packs, stick to soft foods
for the first week, prevent any other mechanical trauma to the surgical sites, and limit lip
movement for the first two weeks after the procedure.

2.10. Follow-Up Visits

Each participant had the following post-operative appointments: weekly for the first
four weeks, followed by appointments at one month, six months, and one year. Professional
plaque control and a review of oral hygiene recommendations were done at each subsequent
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session. In the same way as the baseline, all clinical measurements were taken. When it was
practical, digital photographs were taken to aid in monitoring further changes to the smile.

2.11. Data Analysis

The IBM SPSS version 21.0 was used to examine the data that had been gathered. For
both the test and control groups, descriptive statistics were used to evaluate the outcome
variables, which included the average GD, MLLR, and MLLS. Since the variables were
measured in numerical form, calculating means and standard deviations was necessary
for the descriptive analysis. The mean values of the quantitative outcome variables were
compared using the Student’s t-test for independent samples. The mean values of the
quantitative outcome variables at four different time intervals in the control and test groups
were compared using repeated measures analysis of variance. To compare the mean values
at the four time points, post-hoc multiple comparisons with the Bonferroni test were used.
The significance level for all analyses was set at 0.05.

3. Results

After giving written agreement, 200 female patients—100 in the control group and
100 in the test group—took part in the study. The comparison of the means of the GD
measured in millimeters (mm) for the participating patients’ control and test groups at
four distinct time intervals is shown in Table 1. At the one-year follow-up, the GD’s
mean and standard deviation for the control and test groups were 3.77 &+ 1.76 mm and
2.48 £ 0.86 mm, respectively. At the one-year follow-up, the comparisons showed that the
GD was considerably lower (p = 0.000) in the test group than in the control group.

Table 1. Descriptive Statistics and Independent Samples t-Test for Gingival Display *, among the
Control and Test Groups (1 = 200).

Measurement Timeline Patients Mean Std. Std. Mean ™ Sig.
(n =200) Deviation Error Mean Difference (2-Tailed)
Control 5.273 0.756 0.075
, (1 = 100)
Base Line —0.095 0.049
Test
(= 100) 5.369 0.872 0.087
Control 2274 0.756 0.075
(n = 100)
One Month —0.076 0.500
Test 2351 0.845 0.084
(1 = 100) : : :
Control 2274 0.756 0.075
. (n =100)
Six Months —0.076 0.500
Test
(r = 100) 2.351 0.845 0.084
Control 3.774 1.760 0.176
(1 = 100)
One Year 1.288 0.000
Test
(rn = 100) 2.486 0.863 0.086

* Gingival Display was recorded in millimeters (mm); ** p-value was considered significant at p < 0.05.

Table 2 compares the participants in the control and test groups’” average MLLS
throughout four different time periods. For the measurements taken at baseline, one-
month, six-month, and one-year follow-up, there were statistically no differences between
the control and test groups. However, the mean difference of (0.845 mm) was the highest
between the mean for the control (10.58 &= 1.01 mm) and test (9.73 + 1.68 mm) groups at a
one-year follow-up.
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Table 2. Descriptive Statistics and Independent Samples t-Test for the Upper Lip Length * at Maximum
Smile, among the Control and Test Groups (1 = 200).

Measurement Timeline Patients Mean Std. Std. Mean ™ Sig,
(n = 200) Deviation Error Mean Difference (2-Tailed)
Control 7.657 1.453 0.145
. (n = 100)
Base Line —0.238 0.277
Test
(= 100) 7.895 1.632 0.163
Control 9.657 1.453 0.145
(1 = 100)
One Month —0.238 0.277
Test 9.895 1.632 0.163
(1 = 100) : : :
Control 9.657 1.453 0.145
_ (1 = 100)
Six Months —0.238 0.277
Test
(= 100) 9.895 1.632 0.163
Control 10.581 1.013 0.101
(1 = 100)
One Year 0.845 0.411
Test
(= 100) 9.735 1.689 0.168

* Upper Lip Length was recorded in millimeters (mm); ** p-value was considered significant at p < 0.05.

The comparison of the mean MLLR among the control and test groups at four different
time periods is shown in Table 3. At baseline, one-month, and six-month follow-up, the
mean and standard deviation for the MLLR were almost similar, with no statistically signifi-
cant difference (p = 0.675). However, the MLLR for the control group (12.96 + 1.98 mm) was
lower than that for the test group (13.17 &£ 2.14 mm), though statistically non-significant.

Table 3. Descriptive Statistics and Independent Samples t-Test for the Upper Lip Length * at Rest,
among the Control and Test Groups (1 = 200).

Measurement Timeline Patients Mean Std. Std. Mean ™ Sig.
(n =200) Deviation Error Mean Difference (2-Tailed)
Control 13.056 1.993 0.199
, (n = 100)
Base Line —0.122 0.675
Test
(= 100) 13.179 2.146 0.214
Control 13.056 1.993 0.199
(n = 100)
One Month —-0.122 0.675
Test 13.179 2.146 0.214
(n = 100) : : :
Control 13.056 1.993 0.199
. (n = 100)
Six Months —-0.122 0.675
Test 13.170 2146 0214
(n =100) : : :
Control 12.964 1.986 0.198
(n = 100)
One Year —0.214 0.464
Test
(1= 100) 13.179 2.146 0.214

* Upper Lip Length was recorded in millimeters (mm); ** p-value was considered significant at p < 0.05.
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Results for the repeated measurements and Bonferroni pairwise comparisons of the
GD at the four time intervals for the control and test groups are shown in Figure 3 and
Table 4, respectively. The measurements were taken one month, six months, and one year
after the baseline readings showed a drop in the GD. The GD did, however, tend to rise
significantly from the six-month reading at the one-year checkpoint for the control group,
as opposed to the test group, where a very slight, non-significant rise was observed.

6
Z
g @ 536
g 5
= 5.27 3.77
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Figure 3. Comparison of the Gingival Display recorded at 4 time intervals.

Table 4. Bonferroni pairwise comparisons of the Gingival Display (millimeters) at different time
intervals for the participating subjects (1 = 100).

Control Group Test Group

Time Intervals Compared to; Mean Difference Std. Error  * Sig.  Mean Difference Std. Error * Sig.
1 Month 3.000 * 0.000 0.000 3.019* 0.044 0.000
Baseline 6 Months 3.000 * 0.000 0.000 3.019* 0.044 0.000
1 Year 1.500 * 0.151 0.000 2.884 * 0.050 0.000
Baseline —3.000 * 0.000 0.000 —3.019 * 0.044 0.000

1 Month 6 Months 0.000 0.000 0.000 0.000
1 Year —1.500 * 0.151 0.000 —0.135* 0.022 0.000
Baseline —3.000 * 0.000 0.000 —3.019 * 0.044 0.000

6 Months 1 Month 0.000 0.000 0.000 0.000
1 Year —1.500 * 0.151 0.000 —0.135* 0.022 0.000
Baseline —1.500 * 0.151 0.000 —2.884 * 0.050 0.000
1 Year 1 Month 1.500 * 0.151 0.000 0.135* 0.022 0.000
6 Months 1.500 * 0.151 0.000 0.135* 0.022 0.000

* The mean difference is significant at the 0.05 level.

Results of repeated measures and Bonferroni pairwise comparisons of the MLLS at
the four time intervals for the control and test groups are shown in Figure 4 and Table 5,
respectively. The findings showed a non-significant increase in the MLLS from the baseline
readings to the follow-up measurements after one month, six months, and one year. The
MLLS for the control group, however, tended to rise from the 6-month reading at the
one-year follow-up, in contrast to the test group, where a very slight decline was seen.
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Figure 4. Comparison of Upper Lip Length at Maximum Smile recorded at 4 time intervals.

Table 5. Bonferroni pairwise comparisons of the Upper Lip Length at Maximum Smile (millimeters)
at different time intervals for the participating subjects (n = 100).

Control Group Test Group

Time Intervals Compared to; Mean Difference Std. Error  * Sig.  Mean Difference Std. Error * Sig.

1 Month —2.000 0.000 —2.000 0.000

Baseline 6 Months —2.000 0.000 —2.000 0.000
1 Year —2.924* 0.984 0.022 —1.840 * 0.037 0.000

Baseline 2.000 0.000 2.000 0.000

1 Month 6 Months 0.000 0.000 0.000 0.000
1 Year —0.924 0.984 1.000 0.160 * 0.037 0.000

Baseline 2.000 0.000 2.000 0.000

6 Months 1 Month 0.000 0.000 0.000 0.000
1 Year —0.924 0.984 1.000 0.160 * 0.037 0.000
Baseline 2.924* 0.984 0.022 1.840* 0.037 0.000
1 Year 1 Month 0.924 0.984 1.000 —0.160 * 0.037 0.000
6 Months 0.924 0.984 1.000 —0.160 * 0.037 0.000

* The mean difference is significant at the 0.05 level.

The results of the repeated measurements and Bonferroni pairwise comparisons of
the MLLR at the four time intervals for the control and test groups are shown in Figure 5
and Table 6, respectively. The findings showed no statistically significant changes in the
MLLR from the baseline readings to the follow-up measures at one month, six months, and
one year. At the one-year follow-up, the MLLR did, however, tend to fall from the 6-month
value for the control group only.

Table 6. Bonferroni pairwise comparisons of the Upper Lip Length at Rest (millimeters) at different
time intervals for the participating subjects (n = 100).

Control Group Test Group
Time Compared Mean . Qs Mean . Qs
Intervals to; Difference Std. Error Sig: Difference Std. Error Sig.
1 Month 0.000 0.000 0.000 0.000
Baseline 6 Months 0.000 0.000 0.000 0.000

1 Year 0.092 0.110 1.000 0.000 0.000
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Table 6. Cont.
Control Group Test Group
Time Compared Mean . Qs Mean * Q

Intervals to; Difference Std. Error Sig. Difference Std. Error Sig.
Baseline 0.000 0.000 0.000 0.000
1 Month 6 Months 0.000 0.000 0.000 0.000
1 Year 0.092 0.110 1.000 0.000 0.000
Baseline 0.000 0.000 0.000 0.000
6 Months 1 Month 0.000 0.000 0.000 0.000
1 Year 0.092 0.110 1.000 0.000 0.000
Baseline —0.092 0.110 1.000 0.000 0.000
1 Year 1 Month —0.092 0.110 1.000 0.000 0.000
6 Months —0.092 0.110 1.000 0.000 0.000

* The mean difference is significant at the 0.05 level.
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Figure 5. Comparison of Upper Lip Length at Rest recorded at 4 time intervals.

4. Discussion

Numerous studies have been conducted on LRS for excessive GD with minimal post-
surgery relapse, and it has been noted that different populations have diverse responses to
various surgical procedures [12,24,25]. This present study aimed to assess and contrast the
relapse in relation to LipStaT® surgery versus the MLRS surgical technique utilizing the
periosteal sutures to secure the new lip position at four different time intervals (Baseline;
one month, six months, and one-year, post-surgery). The findings of the present study
showed that there was a significant variation in the amount of GD between the control
and test groups, with the GD significantly lower than the control. The results also revealed
minimal non-significant differences between the MLLS and MLLR. With the MLRS surgical
technique employed for correcting excessive GD among the test group subjects, the GD
was improved markedly, while there was no change in the upper lip length or profile at
maximum smile and rest.

Since the 1970s, LRS has been referred to as a viable and conservative surgical option
among the various treatment options (orthognathic surgery, botulin toxin injections, lip
repositioning surgery, and/or the combination of therapies) for the correction of excessive
GD caused by non-dentoalveolar etiologies [12,25,26]. The surgical method was generally
carried out according to standard practice in the trials, with a first partial-thickness incision
made around the mucogingival junction and a second one made 10 mm apically [12,20,26].
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Although some studies performed full-thickness incisions and myotomy, the muscle fibers
were preserved by only removing a thin layer of soft tissue in between the incisions [25].
Absorbable (Vicryl 4/0) suture material was most frequently utilized. Follow-ups lasted
from one to twelve months, and 0.12% chlorhexidine rinse and anti-inflammatory drugs
were often used as postoperative pharmaceutical therapy [12,25-27].

The process for LRS has undergone various modifications over the years, ranging
from traditional surgical excision to diode laser procedures [12,25-28]. However, reducing
smile muscle contractions was always the fundamental goal of all the treatments. To
achieve this condition, partial-thickness elliptical incisions are used to remove a band of
mucosa from the buccal vestibule depth, which is 3-4 mm above the gingival margin of
the maxillary teeth. In terms of correcting EGD, the procedure produced respectable short-
term results [12]. Although significant relapse percentages have been observed, which is
thought to be the main drawback of this surgical approach, its efficacy is debatable [25].
The LRS-related relapse is often observed in the first 6 to 8 weeks for the vast majority
of cases. However, some have reported it as late as 6 months or a year later. In 8-25% of
the cases that were treated, relapse was discovered [18,25]. It is critical to look into the
predictability of LRS in light of the growing number of technique variations and higher
patient expectations that exist today.

The approach being used in a case with insufficient keratinized attached gingiva,
cutting into the keratinized attached gingiva, deeply slicing into the connective tissue
and muscle fibers, and/or situations with excessive muscle pull can all contribute to
relapses [17]. The true nature of relapse in relation to the procedure is difficult to ascertain;
however, the phenomena may be partially explained by muscle memory attempting to
resume its preoperative activity [17,18]. Nevertheless, it is difficult to ascertain if this drop
persists at levels close to baseline due to the absence of follow-ups longer than 12 months.
Case reports make up the majority of literature records reporting long-term follow-ups of
more than 12 months with LRS. After 2—4 years, acceptable stability with a minor relapse
has been documented [18,25].

Additionally, it was noted in the reports that combining LRS with various adjunct
medicines improved treatment outcomes and predictability [18,20,25]. The use of a scalpel
in conventional LRS has been referenced in a number of research. In Rao et al. [6], the labial
frenum was not touched during a LipStaT® surgical lip repositioning procedure, which
resulted in recurrence. Another study by Dayakar et al. [19] that included the labial frenum
as part of the usual surgical LRS procedure revealed a complete relapse after 12 months.
Relapses can be treated by either returning to the surgical site to incise additional mucosa
as necessary or, as some articles have indicated, by administering Botox injections [18,25].
The surgical procedure used in this investigation was a straightforward modification to the
classic LRS approach, which produces outstanding results. Compared to the control group,
which underwent the LipStaT® approach, there was no difference in the GD for the test
group using the MLRS technique at the one-year follow-up.

Many changes to the procedure have been made and adopted since the invention of
LRS. All of these adjustments were made with the goal of preventing the primary LRS-
related recurrence problem [24-29]. Although few studies have looked at the long-term
effects of LRS with myotomy, it was recommended as a method to prevent relapse and
maintain stable results [18,25]. With only minor to moderate relapses, vestibuloplasty and
muscle release are equally effective methods for treating EGD. This technique’s main benefit
is that it may be quickly undone by vestibular deepening if the patient is unhappy with
the results or repeated in the event of a recurrence [27]. It is also feasible to utilize a trial
step after the measurements in which just sutures are used (no actual cutting) to give the
patient an idea of what to expect from the ultimate outcome. Miskinyar changed the initial
method into a myectomy and partial excision of the levator labii superioris rather than a
complete separation from the bone due to the frequency of relapse [28]. This resection was
thought to lower the likelihood of relapse.
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In the long run, with LRS, it appears reasonable to say that the clinician should
anticipate some degree of relapse following the surgery. Therefore, the patient should get
education and information about the likelihood of relapse at the treatment planning stage.
In addition, the perception and satisfaction of the patient should be taken into consideration
in these situations. This fact suggests that for more predictable and stable results, the
surgery should be combined with additional techniques such as restorative procedures,
botulin toxin injections, or reconstructive periodontal surgeries. Botox injections have been
proposed as a potential remedy for relapsed instances. Botox works by inhibiting muscle
action, although the effects of using botulinum toxin are only temporary (67 months) [29].
By paralyzing the muscles during the healing process, Botox injections may be a helpful
adjuvant in improving and stabilizing the effects of LRS and Botox as a pretreatment. Botox,
in combination with LRS to lessen muscular strain and, hence, lessen the risk of recurrence,
is a possible research issue that should be investigated but has not yet been studied, to the
investigator’s knowledge. To strengthen the confidence in the current evidence, lengthier
follow-ups and clinical investigations combining LRS with other methods and procedures
should be carried out.

5. Conclusions

The modified lip repositioning surgical technique (MLRS) employed in the current
study is a successful and viable therapy option for treating people with excessive GD
compared to the classic/traditional LipStaT® surgical method. The outcomes of the current
study showed stable results and no recurrence with MLRS until the one-year follow-up,
in contrast to the LipStaT®. With the MLRS, a 2 to 3 mm decline in EGD is usually to
be expected.

Funding: This research received no external funding.

Institutional Review Board Statement: The project was granted approval by the institutional review
board (IRB), and its project activities were approved by the institutional committee of research ethics
at the College of Dentistry Research Center, King Saud University, Riyadh, Saudi Arabia (Approval
no. E-18-113207). The study was conducted in accordance with the Helsinki Declaration of 1975, as
revised in 2013.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data is available on request from the corresponding author.

Acknowledgments: The author would like to express her gratitude to Elma Lusay, Helen Garcia, and
Marina Luma for their great assistance arranging participants” appointments, performing blinding,
and collecting data. Also, this extends to the great help of Syed Rashid Habib in his assistance in data
revision and analysis and final manuscript review. Finally, the author is thankful to the College of
Dentistry Research Center (CDRC) and the Deanship of Scientific Research at King Saud University,
Riyadh, Saudi Arabia, for all the support provided during this study.

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Bhuvaneswaran, M. Principles of smile design. |. Conserv. Dent. 2010, 13, 225-232. [CrossRef] [PubMed]

2. Yang, T, Silveira, S.; Formuli, A.; Paolini, M.; Poppel, E.; Sander, T.; Bao, Y. Aesthetic Experiences Across Cultures: Neural
Correlates When Viewing Traditional Eastern or Western Landscape Paintings. Front. Psychol. 2019, 10, 798. [CrossRef] [PubMed]

3. Negrutiu, B.M.; Moldovan, A.E; Stanis, C.E.; Pusta, C.T.J.; Moca, A.E.; Vaida, L.L.; Romanec, C.; Luchian, I.; Zetu, I.N.; Todor, B.L
The Influence of Gingival Exposure on Smile Attractiveness as Perceived by Dentists and Laypersons. Medicina 2022, 58, 1265.
[CrossRef] [PubMed]

4. Brizuela, M.; Ines, D. Excessive Gingival Display. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022. Available
online: https:/ /www.ncbinlm.nih.gov/books/NBK470437/ (accessed on 7 December 2022).

5. Maniyar, M,; Kalia, A.; Mirdehghan, N.; Nene, S.; Bhagwagar, P. Evaluation of the influence of GD on smile esthetics in Indian
females-a computer-aided photographic analysis. J. Indian Orthod. Soc. 2018, 52, 100-105. [CrossRef]

6. Rao, A.G,; Koganti, V.P.; Prabhakar, A.K.; Soni, S. Modified lip repositioning: A surgical approach to treat the gummy smile.
J. Indian Soc. Periodontol. 2015, 19, 356-359. [CrossRef]


http://doi.org/10.4103/0972-0707.73387
http://www.ncbi.nlm.nih.gov/pubmed/21217950
http://doi.org/10.3389/fpsyg.2019.00798
http://www.ncbi.nlm.nih.gov/pubmed/31057452
http://doi.org/10.3390/medicina58091265
http://www.ncbi.nlm.nih.gov/pubmed/36143942
https://www.ncbi.nlm.nih.gov/books/NBK470437/
http://doi.org/10.4103/jios.jios_116_17
http://doi.org/10.4103/0972-124X.152400

Diagnostics 2023, 13, 716 13 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.
29.

Aldhorae, K.; Alqadasi, B.; Altawili, Z.; Assiry, A.; Shamalah, A.; Al-Haidari, S.A. Perception of dental students and laypersons to
altered dentofacial aesthetics. J. Int. Soc. Prev. Community Dent. 2019, 10, 85-95. [CrossRef]

Kokich, V.O., Jr.; Ma, H.A K.; Shapiro, P.A. Comparing the Perception of Dentists and Lay People to Altered Dental Esthetics. J.
Esthet. Restor. Dent. 1999, 11, 311-324. [CrossRef] [PubMed]

Andijani, R.I.; Tatakis, D.N. Hypermobile upper lip is highly prevalent among patients seeking treatment for gummy smile. J.
Periodontol. 2019, 90, 256-262. [CrossRef]

Khan, M.; Kazmi, S.M.R.; Khan, ER.; Samejo, I. Analysis of different characteristics of smile. BD] Open 2020, 6, 6. [CrossRef]
[PubMed]

Luthra, S.; Grover, H.; Gupta, A. Lip repositioning surgery: A pioneering technique for perio-esthetics. Contemp. Clin. Dent. 2014,
5, 142-145. [CrossRef]

Bhola, M.; Fairbairn, P.; Kolhatkar, S.; Chu, S.; Morris, T.; de Campos, M. LipStaT: The Lip Stabilization Technique—Indications
and Guidelines for Case Selection and Classification of Excessive GD. Int. |. Periodontics Restor. Dent. 2015, 35, 549-559. [CrossRef]
[PubMed]

Gupta, K.K,; Srivastava, A.; Singhal, R.; Srivastava, S. An innovative cosmetic technique called lip repositioning. J. Indian Soc.
Periodontol. 2010, 14, 266—-269. [CrossRef]

Sheth, T.; Shah, S.; Shah, M.; Shah, E. Lip reposition surgery: A new call in periodontics. Contemp. Clin. Dent. 2013, 4, 378-38]1.
[CrossRef]

Bhimani, R.A.; Sofia, N.D. Lip repositioning, aesthetic crown lengthening, and gingival depigmentation: A combined approach
for a gummy smile makeover. J. Cutan. Aesthetic Surg. 2019, 12, 240-243. [CrossRef] [PubMed]

Ganesh, B.; Burnice, N.K.C.; Mahendra, J.; Vijayalakshmi, R. Laser-Assisted Lip Repositioning with Smile Elevator Muscle
Containment and Crown Lengthening for Gummy Smile: A Case Report. Clin. Adv. Periodontics 2019, 9, 135-141. [CrossRef]
[PubMed]

Foudah, M.A. Lip repositioning: An alternative to invasive surgery a 4 year follow up case report. Saudi Dent. |. 2019, 31, S78-S84.
[CrossRef] [PubMed]

Younespour, S.; Yaghobee, S.; Aslroosta, H.; Moslemi, N.; Pourheydar, E.; Ghafary, E.S. Effectiveness of Different Modalities of
Lip Repositioning Surgery for Management of Patients Complaining of Excessive Gingival Display: A Systematic Review and
Meta-Analysis. BioMed Res. Int. 2021, 2021, 9476013. [CrossRef]

Gupta, S.; Shivananda, H.; Dayakar, M.M. Lip repositioning: An alternative cosmetic treatment for gummy smile. . Indian Soc.
Periodontol. 2014, 18, 520. [CrossRef] [PubMed]

Al Jasser, R.; AlSarhan, M.; Alotaibi, D.; Bhola, M. A Modified Approach in Lip Repositioning Surgery: A Prospective Study in a
Twin Population with a 3-Year Follow-up. Int. ]. Periodontics Restor. Dent. 2021, 41, e243—e253. [CrossRef]

Marcuschamer, E.; Tsukiyama, T.; Griffin, T.].; Arguello, E.; Gallucci, G.; Magne, P. Anatomical crown width/length ratios of
worn and unworn maxillary teeth in Asian subjects. Int. ]. Periodontics Restor. Dent. 2011, 31, 495-503.

Ackerman, M.B.; Ackerman, J.L. Smile analysis and design in the digital era. J. Clin. Orthod. JCO 2002, 36, 221-236.

Wu, H;; Lin, J.; Zhou, L.; Bai, D. Classification and Craniofacial Features of Gummy Smile in Adolescents. J. Craniofacial Surg.
2010, 21, 1474-1479. [CrossRef] [PubMed]

Chaudhary, A ; Farista, S.; Manohar, B.; Farista, S.; Bhayani, R. Modified laser-assisted lip repositioning surgery to treat gummy
smile. J. Indian Soc. Periodontol. 2021, 25, 355-359. [CrossRef] [PubMed]

Tawfik, O.K; El-Nahass, H.E.; Shipman, P.; Looney, S.W.; Cutler, C.W.; Brunner, M. Lip repositioning for the treatment of excess
GD: A systematic review. |. Esthet. Restor. Dent. 2017, 30, 101-112. [CrossRef]

Alghamdi, H.; Babay, N.; Sukumaran, A. Surgical management of gingival recession: A clinical update. Saudi Dent. ]. 2009,
21, 83-94. [CrossRef] [PubMed]

Silberberg, N.; Goldstein, M.; Smidt, A. Excessive GD—Etiology, diagnosis, and treatment modalities. Quintessence Int. 2009,
40, 809-818.

Miskinyar, S.A. A new method for correcting a gummy smile. Plast. Reconstr. Surg. 1983, 72, 397-400. [CrossRef]

Aly, L.A A ; Hammouda, N.I. Botox as an adjunct to lip repositioning for the management of excessive gingival display in the
presence of hypermobility of upper lip and vertical maxillary excess. Dent. Res. J. 2016, 13, 478-483. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.4103/jispcd.JISPCD_340_19
http://doi.org/10.1111/j.1708-8240.1999.tb00414.x
http://www.ncbi.nlm.nih.gov/pubmed/10825866
http://doi.org/10.1002/JPER.18-0468
http://doi.org/10.1038/s41405-020-0032-x
http://www.ncbi.nlm.nih.gov/pubmed/32411387
http://doi.org/10.4103/0976-237X.128697
http://doi.org/10.11607/prd.2059
http://www.ncbi.nlm.nih.gov/pubmed/26133145
http://doi.org/10.4103/0972-124X.76936
http://doi.org/10.4103/0976-237X.118353
http://doi.org/10.4103/JCAS.JCAS_25_19
http://www.ncbi.nlm.nih.gov/pubmed/32001970
http://doi.org/10.1002/cap.10060
http://www.ncbi.nlm.nih.gov/pubmed/31490039
http://doi.org/10.1016/j.sdentj.2019.02.030
http://www.ncbi.nlm.nih.gov/pubmed/31061607
http://doi.org/10.1155/2021/9476013
http://doi.org/10.4103/0972-124X.138751
http://www.ncbi.nlm.nih.gov/pubmed/25210272
http://doi.org/10.11607/prd.4707
http://doi.org/10.1097/SCS.0b013e3181edc627
http://www.ncbi.nlm.nih.gov/pubmed/20856039
http://doi.org/10.4103/jisp.jisp_65_20
http://www.ncbi.nlm.nih.gov/pubmed/34393409
http://doi.org/10.1111/jerd.12352
http://doi.org/10.1016/j.sdentj.2009.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23960465
http://doi.org/10.1097/00006534-198309000-00027
http://doi.org/10.4103/1735-3327.197039

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Study Participants 
	Design, Randomization, and Calibration of the Study 
	Selection and Calculation of Sample Sizes 
	Examination and Diagnosis 
	Assessment and Measurement of GD, Maxillary Lip Length, and Mobility 
	Lip Repositioning Surgery Performed for the Control Group 
	Surgical Modification Performed for Test Group 
	Post-Surgery Instructions 
	Follow-Up Visits 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

