DERMATOLOGIC SURGERY

Gummy smile and botulinum toxin: A new approach
based on the gingival exposure area

Rosemarie Mazzuco, MD,* and Déris Hexsel, MDP
Carazinho and Porto Alegre, Brazil

Background: Gummy smile (GS) is an aesthetic disorder for some patients, which can be corrected by
injection of botulinum toxin.

Objective: We sought to classify GS according to the area of gingival exposure and the respective muscles
involved in order to perfect the botulinum toxin injection technique for each patient.

Methods: Sixteen patients with GS were evaluated before receiving botulinum toxin injections. Based on
the area of excessive gum displayed and identification of the muscles involved, 4 different types of GS were
identified: anterior, posterior, mixed, and asymmetric. AbobotulinumtoxinA (Dysport, Ipsen Biopharm
Limited, Wrexham, UK) was injected using a different injection technique for each type of GS, based on the
main muscles involved. With the aid of two computer programs, the area of gum exposed was measured
before and after the application of abobotulinumtoxinA, to evaluate the level of improvement.

Results: There was a decrease in the degree of gum display in all patients. The general average
improvement achieved was 75.09%. Two patients showed slight adverse effects that were easily corrected
with additional doses of abobotulinumtoxinA.

Limitations: For this study, there was no sample size calculation and no statistical analysis of the cases.
Conclusion: The authors conclude that it is important to identify the type of GS and therefore the main
muscles involved, so that the correct injection technique can be used. AbobotulinumtoxinA was
shown to be effective and safe for use in all types of GS in the present sample. (J] Am Acad Dermatol

2010,63:1042-51.)
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fall the human facial expressions, the smile
is probably the most pleasing and the most
complex in terms of meaning. Although it
has long been the motive for artistic and philosoph-
ical debates, the smile, from an anatomic and phys-
iologic standpoint, is the result of the exposure of the
teeth and gums during the contraction of the muscle

groups in the middle and lower thirds of the face.
The smile itself and the aesthetics of the smile are

influenced by 3 components: teeth, gums, and
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Abbreviations used:

BT: botulinum toxin

DAO:  depressor anguli oris

GS: gummy smile

LAO: levator anguli oris

LLSAN: levator labii superioris alaeque nasi
ZM: zygomaticus major

lips."* An attractive smile depends on the proper
proportion and arrangement of these 3 elements.’
The upper lip should symmetrically expose up to 3
mm of the gum and the gum line must follow the
contour of the upper lip.! The exposure of more than
3 mm of the gum during the smile is known as
gingival or gummy smile (GS).

For some patients, GS represents an aesthetic
disorder and therefore various correction methods
are proposed, including gingivoplasty, orthodontic
treatment, orthognathic surgery, and bone resec-
tion.' As they are highly complex procedures
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involving moderate to severe morbidity, high cost,
and considerable time, they have become less fre-
quently recommended. By contrast, the use of bot-
ulinum toxin (BT) represents a simple, fast, and
effective method for the aesthetic correction of GS.*>

This article describes a new classification of GS
into anterior, posterior, mixed, or asymmetric, based
on the excessive contraction
of specific muscle groups
(Fig 1), resulting in different
areas of excessive gingival
display, and a resultant new
approach to the treatment of

GS with BT. toxin.

METHODS

During a period of 20
months, 16 patients with
GS were treated with appli-
cations of BT at a private
practice. After the initial as-
sessment, in which photo-
graphs were taken, we
identified 4 different types
of GS, based on the area of
excessive gum displayed and
identification of the main
muscles involved (Table D:
(1) anterior GS, in which more than 3 mm of gum is
exposed in the area between the canine teeth—
involving the action of the levator labii superioris
alaeque nasi (LLSAN) muscles (3 patients); (2) pos-
terior GS, in which more than 3 mm of gum is
exposed posterior to the canines, with normal ex-
posure (<3 mm) in the anterior region—involving
the action of the zygomatic muscles (7 patients); (3)
mixed GS, with excessive gum exposure in both the
anterior and posterior regions—involving the action
of a combination of two or more of the above
muscles (3 patients); and (4) asymmetric GS, with
excessive or more apparent gum exposure on one
side—caused by asymmetric contraction of the
LLSAN or zygomatic muscles (3 patients).

All patients were referred for treatment with BT
and none had contraindications to the use of the BT
such as pregnancy, neuromuscular diseases, or use
of specific medications.® All the patients had visited
dentists and reported not having received any indi-
cation for surgical treatment and claimed they were
unwilling to undergo such a treatment modality.

The brand of BT used was abobotulinumtoxinA
(Dysport, Ipsen Biopharm Limited, Wrexham, UK),
500 TU per vial, diluted in 2 mL of 0.9% sodium
chloride solution, immediately before injections, fol-
lowing the recommended guidelines on dilution and

CAPSULE SUMMARY

« Gummy smile is an aesthetic disorder
that can be corrected by botulinum

Usual techniques for its correction have
only involved the levator labii superioris
alaeque nasi muscle.

« The current authors classify the gummy
smile into 4 types and describe the
technical details to correct each one
based on the muscular involvement.

« They conclude that excessive gingival
exposure may be anterior, posterior,
mixed, or asymmetric and each one has
variable degree of involvement of
different muscles.
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storage.” The dose equivalence adopted by the cur-
rent authors is 2.5:1 IU between abobotulinumtoxinA
and onabotulinumtoxinA (Botox, Allergan, Irvine,
CA), which is supported in the literature.® Before the
injections, the patients received topical anesthesia
with a cream containing lidocaine and prilocaine. For
the injections, 0.3 mL syringes were used with a 31-
gauge, 8-mm needle, and the
abobotulinumtoxinA was in-
jected into the subcutaneous
tissue.

The 3 patients with anterior
GS (group D received injec-
tions of abobotulinumtoxinA
in accordance with the con-
ventional technique, at doses
of 2.5 or 5 TU (depending on
the degree of gum exposure)
on each side of the nasolabial
fold, 1 cm lateral and below
the nasal ala,” to relax the
LLSAN muscle (Fig 2).

The 7 patients with poste-
rior GS (group II) received
injections of abobotulinu-
mtoxinA into two points in
the malar region, following a
lateral and superior path
(corresponding to the path of the zygomaticus major
[ZM] and zygomaticus minor muscles, as described
below): the first point was located in nasolabial fold, at
the point of greatest lateral contraction during the smile
and the other point was 2 c¢m lateral to the first point,
at the level of the tragus. At each point, 2.5 IU of
abobotulinumtoxinA was injected (Fig 3).

The 3 patients with mixed GS (group IID) received
injections of abobotulinumtoxinA at all the points
described above, but the dose was reduced 50% at
the point near the nasal ala (Fig 4).

In the 3 patients with asymmetric GS (group IV),
abobotulinumtoxinA was injected, at the same dose,
into the two points in the malar region described
above, on the side with greater posterior gum expo-
sure. AbobotulinumtoxinA was also injected into the
contralateral side, but only at the lowest point (Fig 5).
This means that these patients received injections of
abobotulinumtoxinA with a different technique and
dose on each side of the face.

The patients were advised not to lie down, do
exercise, or massage the treated area during the first
4 hours after the procedure.

Twenty to thirty days after receiving the injections,
the patients returned for a follow-up visit. The results
were analyzed by means of clinical examination and
photography. The extent of gum exposure was
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Fig 1. Main muscles involved in gingival exposure: leva-
tor labii superioris alaeque nasi (LLSAN), levator labii
superioris (LLS), zygomaticus minor (ZMi), zygomaticus
major (ZM), and risorius (Ri).

measured before and after treatment with
abobotulinumtoxinA, using two computer programs
(AutoCAD, Autodesk Inc, San Rafael, CA; and Mirror,
Version 6.1, Canfield, Fairfield, NJ). The distance
between the lower edge of the upper lip and the
edge of the gum were measured in the following
regions: above the central incisors in groups I and III,
and above the first premolars in groups II and IV,
whereas in the latter, measurements were only taken
on the side affected by GS. The difference in the
measurements of the above parameters, pretreat-
ment and posttreatment, was expressed as a per-
centage of improvement in the reduction of gum
exposure. To avoid variations in the size or the angle
of the photographs, a control measurement of the
central incisors and premolar teeth was taken as a
parameter in the preprocedure and postprocedure.
Measurements of gum exposure were only consid-
ered when the control measurement was exactly the
same in the before and after photographs (Fig 0).

RESULTS

There was a decrease in the degree of gum display
in all patients (Figs 7 to 10). Table Il shows the type of
GS and the percentage of decrease in gingival
exposure before and after application of
abobotulinumtoxinA in all patients in this sample.
The average improvement achieved in all 16 patients
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was 75.09% and the average improvement in each
group is shown in Table III. All the patients also had
some degree of improvement to the nasolabial fold.

Adverse effects were mild and transient. One
patient in group II presented a slightly asymmetric
smile that was treated in the follow-up visit with
the application of an additional 2.5 TU of
abobotulinumtoxinA into the nasolabial fold, on
the side where the gum exposure was greatest.
Another patient in group II reported difficulty in
smiling, and the clinical examination showed slight
lowering of the angles of the mouth (“sad smile”), as
a result of hyperactivity on the depressor anguli oris
(DAO) muscles (Fig 11). This adverse effect was
successfully treated by injecting 5 IU of
abobotulinumtoxinA into these muscles. No patient
in this study reported any other side effects, such as
difficulties in moving the lips while speaking or
eating.

The duration of the effect of abobotulinumtoxinA
varied from 3 to 5 months, and with the exception of
the two patients who had adverse effects, the other
patients were reasonably satisfied.

DISCUSSION

Since the discovery of the cosmetic use of BT, it
has been rapidly incorporated into the arsenal of
effective treatments for the improvement of unaes-
thetic facial conditions. During the more than two
decades that BT has been used for cosmetic pur-
poses, several new indications have been found and
application techniques are being constantly refined.

In addition to being the first-choice treatment for
wrinkles located on the upper third of the face, BT is
also widely used in the prevention and correction of
changes caused by muscle contraction in the middle
and lower thirds of the face and neck,'! including
GS."?

Goldstein'? classified the smile line (consisting of
the lower edge of the upper lip during the smile)
according to the degree of exposure of the teeth and
gums into 3 types: high, medium, or low. The first is
characterized by the exposure of more than 3 mm of
gum during the smile, which clinically translates as
GS. Tjan et al'* reported gender differences in the
smile line. In men, the authors report that the low
smile line is predominant (2.5:1), whereas high smile
lines are predominant in women (2:1). Perhaps, for
this reason, GS is a more common occurrence in
women.

Various causes have been described for GS,
including lip length, clinical crown length," and
mainly altered passive eruption or vertical maxillary
excess.' On the other hand, the behavior of perioral
muscles critically influences the structure of the
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Table I. Classification of gummy smile based on area of gingival exposure

Type of GS No. of patients Clinical appearance Main muscles involved
Anterior 3 Major gum exposure (>3 mm) in area LLSAN

between canine teeth
Posterior 7 Major gum exposure (>3 mm) posterior to ZM and ZMi

canines, with normal exposure (<3 mm)

in anterior region
Mixed 3 Excessive gum exposure in both areas LLSAN, ZM, and ZMi

(anterior and posterior) (combination of =2)
Asymmetric 3 Excessive or more apparent gum exposure LLSAN and/or ZM/ZMi ipsilateral

on one side only

GS, Gummy smile; LLSAN, levator labii superioris alaeque nasi; ZM, zygomaticus major; ZMi, zygomaticus minor.

Fig 2. Patient with anterior gummy smile, showing points
and dose used to correct it with botulinum toxin.

smile'® and, according to Peck et al,'” patients with
GS had at least 20% greater facial muscular capacity
to raise the upper lip when smiling. Such cases
constitute an indication for treatment with BT, which
should be considered during the initial assessment of
the patient. Other factors that make BT a first-line
therapy for this condition are: the ease and safety of
the applications, the use of small affordable doses,
and the fast onset of action, low risk, and reversible
effect of BT. This last factor is particularly interesting
for cases in which orthodontic or surgical procedure
are recommended or planned, but for which BT will
provide a quick cosmetic benefit to the patient who
intends to undergo a later more invasive procedure.

GS has always been regarded as the excessive
exposure of the anterior gum, because most authors
consider the LLSAN muscle to be mainly responsible
for GS.'""*° The LLSAN muscle originates in the
frontal process of the maxilla and divides into two
fascicles that insert into the cartilage and skin of the
nasal ala and upper lip. Its function is to dilate the
nostrils and raise the upper lip. The BT-based tech-
niques for the correction of GS published to date

Fig 3. Patient with posterior gummy smile, and newly
described points and dose used to correct it.

have only involved the LLSAN muscle. However, all
the muscles functionally involved in raising the
upper lip have a role in tooth and gum display
during smiling: LLSAN, levator labii superioris, ZM,
zygomaticus minor, levator anguli oris (LAO), orbi-
cularis oris, and risorius®’ (Fig 1). A therapeutic
approach in which the LLSAN muscle alone is treated
with BT may be insufficient when other muscles are
involved in the excessive exposure, both anterior
and posterior, of the gums. Moreover, in the case of
posterior GS, the zygomaticus muscles are more
functionally involved than the other muscles of the
upper lip lift complex, and the conventional appli-
cation of BT to relax the LLSAN muscle would cause
unnecessary lowering of the lip in the medial region,
an undesirable result from the aesthetic and func-
tional standpoint.

The ZM muscle originates from the upper lateral
surface of the zygomatic bone** and inserts into the
skin at the angle of the corner of the mouth® and
zygomaticus minor muscle originates from the lower
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Fig 4. Patient with mixed gummy smile, and respective
correction points and dose.

surface of the zygomatic bone and inserts into the
lateral part of the upper lip.?* Both follow a path
perpendicular in the face. Their contraction causes
elevation and lateralization of the lateral portion of
the upper lip. This movement is not only essential for
the smile, it is also important for speech and chewing
and therefore excessive relaxation or paralysis of
these muscles has serious cosmetic and functional
repercussions. Hence, caution should be taken when
injecting these muscles and the doses used should be
small.

Other muscles that deserve attention are the LAO
and DAO. In normal situations, the effect of the latter
(depression of the commissures) antagonizes the
effect of the former (elevation of the commissures).
The fibers of the LAO muscle, in turn, intersect with
those of ZM muscle® and, for this reason, the LAO
muscles also usually become relaxed when BT is
injected to fix posterior GS, which can cause a
collapse of the commissure, especially in patients
with hyperactivity of the DAO muscles. Clinically,
this collapse of the commissure gives the mouth a
sad appearance when the patient smiles, which was
observed in one patient in this sample. When such
DAO muscle hyperactivity is apparent before the BT
injection for the correction of GS, it can be treated
together with the other muscles, during the same
treatment session.

Polo® attempted multiple serial injections into
each elevator muscle, with variable doses ranging
from 0.625 to 2.5 IU of onabotulinumtoxinA at
different phases, under electromyographic guid-
ance. Kane' treated excessive gingival display by
improving the nasolabial fold, targeting the LLSAN
muscle with 5 TU of onabotulinumtoxinA per side. In
Kane’s'? article, the initial dose injected was 11U, and
the subsequent dose was determined according to
clinical response during the follow-up visit, 2 to 3
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Fig 5. Patient with asymmetric gummy smile and points
used to correct it. Note asymmetric dosage.

weeks later. This is a good and cautious approach
that helps to prevent undesirable side effects related
to excessive doses or excessive potency of the
selected dose for a specific patient. Garcia and
Fulton® suggested that 2 to 5 1IU of
onabotulinumtoxinA was as effective as higher
doses. As the injected dose of BT is directly propor-
tional to the intensity and duration of the paralysis,
small doses result in slight and partial relaxation of
the musculature,'" a desired effect when it comes to
the middle third of the face, where all the muscles
have an important role in, or relationship with, facial
expression.'® The current authors consider a dose of
2.5 or 5 IU of abobotulinumtoxinA (as was used in
the patients in this sample), when applied using the
conventional technique, as sufficient to correct an-
terior GS, without risk of complications. They also
suggest that the dose of abobotulinumtoxinA
injected into each point should not be greater than
2.51U, with a total of two points positioned along the
path of the zygomatic muscles, as previously
described as safe and effective for correction of
posterior GS.

As is well known, all the BT spread in a halo of
1 to 2 cm around the injection point. The diameter
of the halo depends mainly on the dilution used and
the depth of injection. On the face, where there are
several small, operationally sensitive muscles ar-
ranged very closely together, the diffusion of BT
tends to partially relax the muscles in close prox-
imity to those being treated. Therefore, during the
correction of GS, in addition to the muscles listed
above, the other muscles of upper lip elevator
complex may be relaxed by the BT. In addition,
the nasolabial fold may be improved after the
injection of BT for the correction of any type of
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Fig 6. Control measurement of central incisor teeth to ensure that pretreatment and
posttreatment photographs were same size and taken from same angle. Horizontal numbers
on white are from Mirror program (Canfield, Fairfield, NJ) and on yellow are from AutoCAD
program (Autodesk Inc, San Rafael, CA). Vertical yellow numbers are measurements of gingival

exposure.

Fig 7. Patient with posterior gummy smile, before and after botulinum toxin treatment.

GS, an effect seen in all of the patients in this
sample.

The general rules for the use of BT (eg, contrain-
dications, dilution technique, patient position) re-
main the same for this indication.'®*” However, for
many years, lower dilutions have been recommen-
ded when there is a need to inject BT into small,
functionally sensitive areas of muscle,”® which is a
recommendation that is supported by the current
authors.

In cases involving asymmetry caused by muscle
contraction, bilateral injection of BT is recommen-
ded, with a higher dose on the hyperkinetic side.
This detail avoids reverse asymmetry with imbalance
as a result of muscle contraction on the untreated
side. In the correction of asymmetric GS, patients in
this sample were injected on both sides, with a small
dose of abobotulinumtoxinA being injected into one
point on the side with the least gum exposure. An
exception to this recommendation should be made
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Fig 9. Patient with mixed gummy smile, before and after botulinum toxin treatment.

when the asymmetry of the smile is a result of facial
paralysis, in which case it is recommended that BT is
injected only into the hyperkinetic side.

When there is a need to treat muscle groups with
synergistic effect in relation to the lip movement, the
doses injected in each muscle should be lower than
those conventionally recommended, because of the
risk of an accumulative relaxation effect and the
resulting complications. The authors recommend
that the doses of BT are reduced by 50% when
several synergistic muscles are treated, as described
in the technique for the correction of mixed GS.

As a result of muscle weakness, skin flaccidity,
and other alterations associated with aging, people
older than 60 years may respond disproportionately
to the usual doses of BT. It is therefore recommen-
ded that all patients receive individualized doses,
and if there is any doubt, lower doses should be
used, with later retouching being performed if
necessary.

In a significant number of patients, there is
reduced gum exposure after several applications of
BT, even when the effect of this has declined. This
fact is explained by the decrease in muscle strength
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Fig 10. Patient with asymmetric gummy smile, secondary to facial paralysis, before and after
botulinum toxin treatment only in hyperkinetic side.

Table IL. Type of gummy smile and improvement
of gingival exposure in each patient

Table III. Average improvement of gingival
exposure in each type of gummy smile

Improvement of gingival

Patient Type of GS exposure (%)
1 Posterior 33.33
2 Anterior 100

3 Asymmetric 100

4 Mixed 78

5 Mixed 92.3
6 Posterior 71

7 Asymmetric 15.8
8 Posterior 57.1
9 Anterior 88
10 Posterior 45.5
11 Posterior 62.8
12 Posterior 75.9
13 Anterior 100
14 Mixed 100
15 Asymmetric 100
16 Posterior 81.8

GS, Gummy smile.

that is likely to occur after several consecutive
applications of BT for any indication, which pro-
duces long-term muscle relaxation. It is important
that the physician identify such cases, in later appli-
cations, and reduce the dose to avoid an exaggerated
effect.

The adverse events most commonly reported after
application of BT to fix GS are ptosis or stretching of
the upper lip (“joker-like” smile), asymmetric
smile,'® and difficulty smiling or chewing. These

Type of GS Average improvement (%)
Anterior 96

Posterior 61.06

Mixed 90.1
Asymmetric 71.93

GS, Gummy smile.

effects are usually caused by excessive doses of BT or
poor technique, such as injections into the wrong
sites.

Some articles suggest there is greater risk of
adverse effects when using abobotulinumtoxinA,
compared with onabotulinumtoxinA this can be
explained by the inadequate dose equivalence
suggested and used by some authors.*?" The cur-
rent authors have accumulated considerable experi-
ence with the two BTs mentioned in this article,
abobotulinumtoxinA and onabotulinumtoxinA, and
have found no evidence of any higher incidence of
adverse effects in one or the other. However, they
emphasize that the safety of BT used for cosmetic
purposes is directly influenced by the choice of the
appropriate dose and technique and the correct dose
equivalence, which more recent articles suggest to
be less than 3:1.%" In all indications involving the
middle and lower thirds of the face, the injection
should be made by an experienced physician®* with
good anatomic and physiologic knowledge of the
facial musculature.
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Fig 11. “Sad smile,” adverse effect of correction of posterior gummy smile with botulinum
toxin (BT). This undesirable effect was treated by injecting BT into depressor anguli oris
muscles.

Some patients should undergo orthognathic eval-
uation, to define the cause and the most suitable type
of definitive procedure for the correction of GS,'°
because in some cases, this is a sign of more serious
alterations that may have more serious effects with
long-term repercussions on the maxillofacial
physiology.

Electromyography can be useful, especially when
asymmetry occurs after the first application of the
toxin and in the treatment of small muscles or
abnormal location.***> The current authors do not
routinely use electromyography.

Conclusion

The authors conclude that in the cosmetic correc-
tion of GS by BT, it is important to identify the type of
smile and therefore the main muscles involved, so
that the correct injection technique can be used.

Furthermore, they conclude that the use of BT
for the treatment of GS can be considered reme-
dial (when the cause of GS is exclusively muscu-
lar), adjuvant (when there is an association of
causes and indication of additional treatments
such as lip augmentation or orthodontic devices),
or palliative (when definitive surgical treatment is
recommended).

AbobotulinumtoxinA is effective and safe for
use in the middle third of the face when the dose,
the correct injection points, and the appropriate
dose equivalent to onabotulinumtoxinA is re-
spected. Clinical trials with more patients would
be useful to corroborate the results presented in
this article.
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