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Abstract (J Korean Assoc Oral Maxillofac Surg 2021;47:3-14)

Excessive gingival display is an esthetic issue that is commonly managed by different procedures. Lip repositioning is a modality to address concerns 
of affected patients. The aim of this review was to investigate the scientific evidence on outcomes and long-term stability of lip repositioning surgery 
with or without myotomy. The electronic search was conducted in three databases: MEDLINE, Embase, and the Cochrane Library up to October 2019. 
No publication status, language, or time restrictions were applied. The electronic search was complemented by a manual search of the reference lists. 
Three hundred thirty-eight studies were screened by title, and 16 articles remained for data extraction. The included studies assessed the lip reposition-
ing procedure in 144 patients aged between 15-59 years (134 females and 10 males). Based on the available data, lip repositioning with myotomy/mus-
cle containment can be a successful treatment for minor discrepancies in gingival display in selected cases. However, further well-organized controlled 
clinical trials are recommended to derive a conclusion about the long-term stability compared with other alternatives.
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I. Introduction

The increasing demand for an attractive smile in the last 
40 years has resulted in development of various techniques 
to respond to patient concerns. Some individuals exhibit ex-
cessive gingival display (EGD), which is reported in 7% of 
in males and 14% of in females, and can impose esthetic is-
sues1. EGD can be classified into four distinct types: continu-
ous band of EGD (type 1), which is the most common type; 
excessive display of the posterior gingiva (type 2); unilateral 
(type 3); and EGD in the anterior area (type 4)2. In addition to 
a high smile line, which is prevalent among 10.57% to 38.9% 
of individuals1,3, factors including delayed tooth eruption or 
excessive tooth coverage with gingival tissue, inadequate up-

per lip movement, upper lip length, and skeletal issues can 
contribute to this condition4. 

In general, the underlying etiology of a gummy smile 
dictates the primary treatment approach. Such techniques 
include crown lengthening procedures5, orthodontic leveling 
of the gingival margins6, maxillary tooth intrusion7, lip repo-
sitioning8, orthognathic surgery9, and nonsurgical procedures 
such as administration of botulinum toxin A10. 

Rubinstein and Kostianovsky11 in 1973 described lip re-
positioning surgery without muscular intervention. This 
technique is conducted to limit retraction of the upper lip 
elevator muscles through removal of a strip of mucosa from 
the maxillary buccal vestibule. More aggressive procedures 
to increase predictability have been reported with short-term 
follow-up periods including detachment of labial muscles12, 
applying a silicone spacer13, lip elongation with rhinoplasty14, 
and myotomy of the levator labii superioris along with fre-
nectomy8. However, these techniques are not indicated in all 
cases suffering from gummy smile. Contraindications consist 
of severe vertical maxillary excess (>8 mm) and the presence 
of a minimal zone of attached gingiva, which can create dif-
ficulties in flap design, stabilization, and suturing15.

Regardless of its gain in popularity, lip repositioning proce-
dures are mainly based on case reports and case series and do 
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not seem to address any points beyond short-term improved 
outcomes. Furthermore, there has been greater emphasis on 
the importance of myotomy for long-term stability. There-
fore, the aim of this study was to evaluate the available scien-
tific evidence regarding the outcomes and long-term stability 
of lip repositioning surgery with or without myotomy.

II. Methods

A detailed protocol was developed and followed according 
to the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) statement16. 

1. Focused questions

PICO question (Participant, Intervention, Comparison, and 
Outcome): 

(1) Participants (P): Patients with EGD
(2) Intervention (I): Lip repositioning surgery along with 

myotomy or muscle containment
(3) Comparison (C): Lip repositioning surgery alone
(4) Outcomes (O): Amount of improvement in gingival 

display and stability of the results
The literature was reviewed to answer the following ques-

tions:
(1) Does lip repositioning improve esthetics?
(2) Are the results achieved by these techniques stable?

(3) Is there any difference among the various techniques?

2. Search strategy

Two researchers (A.M. and N.K.V.) searched MEDLINE 
(through PubMed), Embase, and the Cochrane Library (in-
cluding the Cochrane Central Register of Controlled Trials 
[CENTRAL]) up to October 2019. The search term ‘lip repo-
sitioning’ was utilized to retrieve all relevant studies. We did 
not limit our search strategy regarding study design, as doing 
so could have excluded pertinent publications17. No publica-
tion status, language, or time restrictions were applied. The 
electronic search was complemented by a manual search of 
the reference lists of all relevant articles. 

3. Inclusion criteria

Clinical trials including case series and case reports were 
considered for inclusion. The Cochrane risk of bias tool for 
randomized trials18 and MINORS (methodological index for 
nonrandomized studies) were used19 to assess the quality of 
the studies included in this review. 

4. Exclusion criteria

Studies with the following criteria were excluded from the 
final assessment:
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16 Articles included in the study

273 (MEDLINE)
290 (Embase)
17 (Cochrane)

580 Citations identified through
database searching

242 Duplicate entries were
removed

338 Titles were screened

44 Full-text articles assessed
for eligibility

293 Citations were excluded

28 Citations excluded by reason

Fig. 1. Flowchart of the study selection 
process.
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(1) Follow-up duration less than 6 months
(2) Lack of data on preoperative and/or postoperative mea-

surements

5. Study selection and data synthesis

Two authors (M.T.A. and A.M.) independently screened 
the titles and abstracts based on the inclusion criteria. Full-
text articles were obtained in case supplementary data were 
needed. The extracted data included patient information, pre-
operative and postoperative gingival display in millimeters at 
maximum smile, surgical technique, EGD etiology, follow-
up period, and complications. Any disagreements during the 
process were resolved by discussion.

6. Statistical analysis

Standard methods were used to obtain the estimated overall 
effect size and the corresponding forest plot. All calcula-
tions were carried out using Comprehensive Meta-Analysis 
2.2.064.

III. Results 

The initial search yielded 580 articles: 273 articles through 
PubMed, 290 through Embase, and 17 articles through the 
Cochrane Library.(Fig. 1) Manual search resulted in no ad-
ditional articles. Three hundred thirty-eight studies were 
screened by title (after elimination of duplicate entries) and 
44 articles were considered for full-text assessment. Exclud-
ing 28 articles (Table 1)15,20-46, 16 studies remained for data 
extraction.(Fig. 1) Table 28,47-61 shows the data extracted from 
these remaining studies.

The risk of bias assessment for non-comparative studies is 
presented in Table 38,47,48,50,52-61. The risk of bias for one non-
randomized comparative study51 was estimated at 23 (of 24) 
based on the MINORS scoring criteria. The only randomized 
clinical trial49 was evaluated as “low risk” of bias based on 
the Cochrane risk of bias tool for randomized trials.

The included studies assessed lip repositioning procedures 
in 144 patients aged between 15-59 years (134 females 
and 10 males, not reported in one study with 14 patients50). 
The most prevalent reported etiology was hypermobile 
upper lip47,48,50-53,55-57,59,60, followed by altered passive erup-

Table 1. Articles excluded following full-text assessment

Study
Follow-up less 
than 6 months

Lack of data on 
preoperative and/
or postoperative 
measurements

Lack of data 
on etiology

Conflicting 
data

Study 
design

No surgical 
intervention

Ramesh et al.20 (2019) *
Foudah21 (2019) *
K et al.22 (2018) * *
Faus-Matoses et al.23 (2018) * *
Sharma et al.24 (2017) * *
Sánchez et al.25 (2017) *
Littuma et al.26 (2017) *
Khan et al.27 (2017) *
Gibson and Tatakis28 (2017) *
Farista et al.29 (2017) *
Mahn30 (2016) *
Aly and Hammouda31 (2016) *
Rao et al.32 (2015) *
Muthukumar et al.33 (2015) * *
Bhola et al.34 (2015) *
Storrer et al.35 (2014) * *
Grover et al.36 (2014) *
Gaddale et al.37 (2014) *
Sheth et al.38 (2013) *
Humayun et al.39 (2010) *
Gupta et al.40 (2010) * *
Simon et al.15 (2007) *
Rosenblatt and Simon41 (2006) * *
Ambrosio et al.42 (2018) *
Assenza et al.43 (2011) *
Ergezen et al.44 (2017) *
Mangano and Mangano45 (2013) *
Polo46 (2011) *
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tion25,28,30,39,47,48,53,57,60, vertical maxillary excess48,56,57, and short 
upper lip50,51. 

All but two studies50,54 used a partial-thickness flap. How-
ever, one comparative study reported better results with a 
full-thickness approach51. Some authors used additional 
interventions including crown lengthening47,50-53,57,60 and fre-
nectomy8,23,33,37,52,54,57 to achieve more favorable results with 
higher stability. Alammar et al.51 mentioned two cases with 
complete relapse in their conventional surgical group. In ad-
dition, Dayakar et al.58 reported complete relapse after 12 
months, but they did not report additional details. 

Six studies provided sufficient data (sample size, mean, 
and either standard deviation or standard error) to contribute 
to estimation of the overall effect size for improvement after 
lip repositioning surgery.(Fig. 2) In five studies, myotomy 
was performed along with lip repositioning surgery8,49-51,54, 
while two investigations used sutures to confine the elevator 

muscles47,52. The analyzed data indicate an improvement of 
1.76 mm (95% confidence interval, 1.34-2.18 mm) with my-
otomy/muscle containment.(Fig. 3) Tawfik et al.49 reported 
that lip repositioning with myotomy resulted in greater im-
provement and higher patient satisfaction compared to that 
without myotomy, which was consistent with the results of 
another comparative study51.(Fig. 4) 

IV. Discussion

Among the procedures used to improve EGD, lip reposi-
tioning is a promising alternative. This procedure has been 
suggested for patients with minor discrepancies requesting a 
less invasive procedure compared with orthognathic surgery. 
It also satisfies patients who do not desire to undergo orth-
odontic therapy or botulinum toxin A administration. This 
study was conducted to evaluate the current literature regard-

Table 3. Quality assessment for non-comparative studies 

Study Aim Inclusion
Data 

collection
Endpoint

Evaluation 
(bias)

Follow-up 
period

Loss to 
follow-up

Sample 
size

Total 
score

Ganesh et al.47 (2019) 2 1 1 2 1 2 2 0 11
Torabi et al.48 (2018) 1 2 1 2 2 2 2 1 13
Alammar and Heshmeh50 (2018) 2 2 2 2 1 1 2 1 13
Storrer et al.52 (2017) 1 1 1 1 1 1 2 0 8
Mantovani et al.53 (2016) 2 1 1 1 0 1 2 0 8
Abdullah et al.54 (2014) 2 2 2 2 2 2 2 1 15
Ozturan et al.55 (2014) 2 2 2 2 2 2 2 1 15
Jananni et al.56 (2014) 0 1 1 1 1 2 2 0 8
Gabrić Pandurić et al.57 (2014) 2 1 2 2 2 2 2 0 13
Dayakar et al.58 (2014) 1 1 1 1 1 2 2 0 9
Silva et al.59 (2013) 2 2 2 2 2 1 2 1 14
Ribeiro-Júnior et al.60 (2013) 2 1 1 1 1 1 2 1 10
Jacobs and Jacobs61 (2013) 2 2 2 2 2 2 2 1 15
Ishida et al.8 (2010) 2 2 2 2 2 2 2 1 15

The items are scored 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate). The ideal score is 16 for non-comparative studies 
and 24 for comparative studies.
Mohammadreza Talebi Ardakani et al: Lip repositioning with or without myotomy: a systematic review. J Korean Assoc Oral Maxillofac Surg 2021

Study name

Torabi et al. (2018)

Tawfik et al. (2018)

Alammar et al. (2018)

Ozturan et al. (2014)

Silva et al. (2013)

Jacobs and Jacobs (2013)

48

49

51

55

59

61

1.508

1.875

3.062

2.049

2.368

1.955

2.090

Std diff
in means

0.844

0.371

0.719

0.557

0.541

0.645

0.226

Standard
error

0.712

0.138

0.517

0.310

0.293

0.416

0.051

Variance

0.146

1.147

1.652

0.958

1.308

0.691

1.648

Lower
limit

3.163

2.603

4.471

3.140

3.429

3.218

2.532

Upper
limit

1.787

5.050

4.258

3.680

4.378

3.031

9.261

Z-value

0.074

0.000

0.000

0.000

0.000

0.002

0.000

P-value

Statistics for each study

5.02.50.02.55.0

Std diff in means and 95% CI

ImprovementWorsening

Fig. 2. Forest plot of effect size for lip repositioning without myotomy/muscle containment after 6 months. (Std diff: standard difference, CI: 
confidence interval)
Mohammadreza Talebi Ardakani et al: Lip repositioning with or without myotomy: a systematic review. J Korean Assoc Oral Maxillofac Surg 2021
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ing the efficacy of myotomy/muscle containment on outcome 
and long-term stability of lip repositioning surgery. 

Most retrieved articles were case series or case reports. 
The ideal score for non-comparative studies according to 
MINORS scoring criteria is 16, though none of the chosen 
studies obtained this. Therefore, the findings should be inter-
preted with caution. 

Among 7 studies involving myotomy/muscle contain-
ment, 6 studies8,47,50-52,54 used additional modalities such as 
crown lengthening and frenectomy. Therefore, it is unclear 
how much of the improvement is related to lip repositioning 
surgery alone. One comparative study49 that evaluated the ef-
fect of myotomy without other interventions reported better 
results with the modified technique. However, they did not 
specify the etiologic contributors for gummy smile in their 
patients and concluded no clear correlation between etiology 
and achieved improvement. Studies reported various etiolo-
gies for their study population, limiting the ability to draw a 
conclusion, as vertical maxillary excess48,56,57 can compromise 
long-term stability15.

Some studies reported subjective improvement without 
an exact measurement of pre/postoperative gingival dis-
play15,20,23,28,37,40. Success must be reported based on mea-
surement of all parameters before and after the procedure to 

allow exact assessment of the improvement. Consequently, 
we included studies that reported pre- and postoperative mea-
surements to assess treatment success more accurately. This 
also applies to patient-related outcome measures (PROMs). 
Therefore, standardization of the measurement protocol, 
techniques, outcomes, and PROMs is essential to draw mean-
ingful conclusions. 

Tawfik et al.62 published a systematic review in 2018, in 
which they concluded a persuasive need for randomized and 
comparative trials to assess the influence of different factors 
on outcomes, complications, and patient satisfaction. They 
carried out a randomized clinical trial49 to evaluate the effect 
of myotomy on lip repositioning results, reporting EGD re-
duction by 2.73±1.281 mm with classic lip repositioning and 
greater reduction of 3.57±1.62 mm with myotomy. In another 
study, Alammar et al.51 compared the conventional technique 
with the modified approach and demonstrated greater sus-
tainability and less relapse in the modified surgical technique 
including myotomy. However, they conducted crown length-
ening in addition to lip repositioning surgery, which must be 
considered when interpreting the results.

Based on the available data, lip repositioning can be a suc-
cessful approach for EGD treatment in carefully selected 
cases, though it has been shown to have a higher chance of 

Study name

Tawfik et al. (2018)

Alammar and Heshmeh (2018)

Abdullah et al. (2014)

Ishida et al. (2010)

49

50

54

8

1.274

3.475

1.793

2.221

1.763

Std diff
in means

0.301

0.709

0.466

0.498

0.215

Standard
error

0.091

0.503

0.217

0.248

0.046

Variance

0.684

2.086

0.880

1.246

1.342

Lower
limit

1.864

4.865

2.707

3.197

2.184

Upper
limit

4.233

4.901

3.847

4.464

8.206

Z-value

0.000

0.000

0.000

0.000

0.000

P-value

Statistics for each study

5.02.50.02.55.0

Std diff in means and 95% CI

ImprovementWorsening

Fig. 3. Forest plot of effect size for lip repositioning with myotomy/muscle containment after 6 months. (Std diff: standard difference, CI: 
confidence interval)
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Study name

Tawfik et al. (2018)

Alammar et al. (2018)

49

51
0.687

1.395

0.956

Std diff
in means

0.325

0.475

0.344

Standard
error

0.106

0.226

0.118

Variance

0.049

0.463

0.282

Lower
limit

1.325

2.327

1.630

Upper
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unfavorable results in cases of severe maxillary excess (EGD 
>8 mm)15. It seems that myotomy/muscle containment can re-
sult in better outcomes and stability of the achieved improve-
ment. However, due to the limited number of studies and the 
discrepancy in the current evidence, further well-organized 
comparative clinical trials are needed to derive a conclusion 
regarding the effectiveness of myotomy/muscle containment 
compared with the conventional approach.
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