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OXFORD

Abstract UNIVERSITY PRESS

Background: “Gummy smile” describes the aesthetically unappealing display of gums that extends more than 2 to 3 mm when individuals
smile. The multifactorial etiology of the gummy smile leads to various surgical and nonsurgical treatment strategies, including orthodontic ther-
apies, lip fillers, and primarily botulinum toxin as a nonsurgical treatment.

Objectives: In this paper, the authors present the preliminary report of a novel, minimally invasive, and non-neurotoxic treatment option for
gummy smiles based on the insertion of smooth-surfaced resorbable polydioxanone threads along the vectors of the lip elevator muscles, of-
fering long-lasting satisfactory aesthetic outcomes.

Methods: The proposed subcutaneous thread insertion technique utilizes 23 G, 38 mm cannulas with 14 smooth threads per cannula. Twenty-
two female patients with subjectively distressing gummy smiles have been treated so far. The correction of gummy smiles is rapid and has been
documented for up to 18 months, with the most protracted case lasting 20 months. The first cannula is positioned 1.5 cm from the labial com-
missure and 0.5 cm above it, following the vector of the orbicularis oris muscle from the modiolus to the upper white lip. The second cannula
targets the levator labii superioris muscle vector, entering from the modiolus, and the third cannula follows the zygomaticus major and zygo-
maticus minor muscle vectors. The insertion points are the same for the first, second, and third cannula. The fourth cannula is inserted 2 cm from
the insertion point of the first, second, and third cannulas toward the premasseteric area and the internal corner of the eye, crossing the third
thread in a crossed pattern. Only the 2 threads along the levator labii superioris and orbicularis oris vectors were inserted in 1 of the 22 treated
patients, who displayed no molar teeth exposure while smiling.

Results: No novel excessive gingival display has occurred in the 22 ambulatory patients treated so far for 9 to 12 months. In the patients treated
so far, the mean distances between the diagnostic reference points decreased by 0.85 and 1.25 mm after 2 and 6 weeks, respectively, with
negligible pain during the procedure and high satisfaction among all patients.

Conclusions: The proposed smooth thread technique could be a technically convenient and minimally invasive option for addressing disturb-
ing gummy smile problems.

Level of Evidence: 4 (Therapeutic)
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Figure 1. The reference points, RP1and RP2, for linear gummy smile diagnosis and
quantification. The image shows the maxillary lateral incisor as the basis for mea-
surements. The distance from RP1to the midpoint of the incisal edge of the maxillary
lateral or central incisor (RP3) is occasionally recorded when RP1 falls below the
gingival-dental margin. Reproduced from Diaspro et al, published in Aesthetic
Surgery Journal, with permission from Oxford University Press.®

Regardless of cultural and ethnic nuances, an oval face with balanced
features is the cornerstone of an attractive and youthful appearance.
Symmetrical, harmonious smiles, with 1to 2 mm of gingival exposure,
have long complemented this universal aesthetic rule of beauty, with re-
ports of restorative cosmetic dentistry procedures tracing back to ancient
Egypt."2 The term “gummy smile” describes the unpleasant gingival dis-
play that exceeds 2 to 3 mm when the individual smiles. Synonymous
terms such as “horse smile,” “gingival smile line,” or “high lip line” shed
light on the multifactorial etiology of excessive gingival display (EGD), in-
cluding skeletal, periodontal, muscular, and possibly combined etiologies.

The exposure of the maxillary anterior gingiva during a full smile
(gingival smile line) demonstrates distinct sexual dimorphism, with a
96% prevalence in females. This observation primarily relates to an-
terior vertical maxillary excess or if the upper lip rises higher than ex-
pected when smiling.®

In clinical studies, a ruler or caliper is helpful for quickly measuring
the gingival display. The landmarks from which to measure the diag-
nostic distance from the reference points RP1to RP2 are the lowest
margin of the upper lip, extending upwards to the midpoint of the gin-
gival margin of the maxillary lateral or central incisor (RP1), and the
gingival margin at the midportion of the gingival margin of the maxil-
lary lateral or central incisor (RP2; Figure 1).*°

A Le Fort | osteotomy is the only option for correcting EGD when
excessive maxillary vertical bony growth is the cause. In contrast, or-
thognathic surgery, gingivectomy, and surgical crown lengthening
have only limited applications when EGD involves altered passive
dental eruption, short clinical crowns, or periodontal disorders affect-
ing the gingiva scaffold.*®

Because the hypercontraction of the upper lip elevator muscles
during smiling is the second determinant or co-determinant of EGD,
botulinum toxin has unsurprisingly gained prominence among non-
surgical EGD treatments, including orthodontic therapies and lip fil-
lers.* The levator labii superioris alaeque nasi, levator labii
superioris, and zygomaticus minor muscles receive blood from the
terminal branches of the facial artery and the infraorbital branch of

the maxillary artery. These muscles elevate the upper lip because
of the action of the facial nerve’s terminal buccal and zygomatic
branches.? Two units of botulinum toxin, injected 1cm lateral to the
ala of the nose on each side (the Yonsei points), are sufficient to
target all 3 muscles while respecting local vascularity.1 Resorting to
2 injections per side, following facial animation and palpation to iden-
tify target points—at the convergence area of the levator labii supe-
rioris alaeque nasi and levator labii superioris, and where the
levator labii superioris and zygomaticus minor approximate each oth-
er—may further enhance outcomes.?

The primary limitation of botulinum toxin is its relatively short-
lasting effectiveness, with excellent outcomes persisting for no
more than 12 weeks for gummy smiles measuring up to 4 mm.
Aesthetic deterioration begins around the fifth month, and the condi-
tion soon reverts to baseline.*”

Always focusing on reducing the neuromotor input to the hyper-
contracted elevator muscles, one of the authors introduced a novel
technique in 2018 to correct gummy smiles immediately. This tech-
nique can be used independently without resorting to neurotoxicity
or as an ancillary option that complements more complex treatment
strategies. The innovation involved extrinsic mechanical compres-
sion on the lateral fibers of the levator labii superioris alaeque nasi
muscle, inhibiting the motility of the deep muscle fibers.®> A single
0.22 mL average bolus of hyaluronic acid (ranging from 0.2 to
0.3 mL) is sufficient to immediately reduce the elevation of the upper
lip during smiling when injected without local anesthesia at constant
pressure near the bony surface with a 30 G, 13 mm needle at the
most cranial portion of the nasolabial fold (~3 mm from the alar car-
tilage wing), perpendicular to the skin.®

Once again, the temporary effectiveness posed a problem be-
cause of the resorption of the hyaluronic acid bolus and the loss of
compressive effect on the neuromotor input to the upper lip elevator
muscles. Serendipity allowed for a departure from traditional strate-
gies focused on neuromotor input.

In 2023, the corresponding author and a co-author observed that
implanting smooth threads for the usual biorevitalization and rejuve-
nation purposes led to an unexpected outcome: rapid correction of
the gummy smile’s unsightly hypercontraction of the upper lips.
Polydioxanone (PDO) smooth-surfaced absorbable threads inserted
through cannulas into subcutaneous tissue layers lead to immediate
volume enhancement and filling of depressions because of their
physical filling effect and induced swelling and restoration of deplet-
ed soft tissue volumes because of long-lasting induced collagen and
elastic fiber neosynthesis by tumor growth factor-p signaling.2"

PDO threads, very flexible and biocompatible, are clinically tested
polyester monofilaments of high tensile strength with no demonstrat-
ed allergic potential. Extrusion occurs only because of improper tech-
nique. The monofilaments are safely degraded by hydrolysis within
~6 months after inducing local fibroblast proliferation, as demonstrat-
ed by histologically neocollagenesis, neosynthesis of connective tis-
sue, and increased capillary volume.®"°

In rejuvenating procedures, smooth threads have an advantage:
they minimize the risks of puffiness and unnatural contours associat-
ed with soft tissue filler injections. Subcutaneously inserted smooth
threads also minimize vascular risks in anatomically dangerous areas.
An example is the nasojugal area, in which the angular artery and
vein cross superficially after emerging from the facial artery and
vein &°
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Figure 2. Details of the injection points of the first, second, and third smooth thread
(1.5 cm from the commissure and 0.5 cm above it) and the fourth thread (2 cm from
the first insertion point) with evidence of the injection vectors in the same
37-year-old female patient displayed in Videos 2 and 3.

Following their observation, all authors agreed to shift the focus of
smooth thread insertion from generic local rejuvenation to the direct
correction of bothersome gummy smiles and to standardize the tech-
nique for inserting smooth threads.

This preliminary report presents the novel PDO thread technique
as an example of nonsurgical, minimally invasive strategies for cor-
recting gummy smiles without the need for neurotoxicity. Threads
are inserted using a cannula and follow the paths of the lip elevator
muscles. The correction of gummy smiles is rapid and has been doc-
umented to last up to 18 months, with the most protracted case last-
ing 20 months.

METHODS

This study was conducted between May 2023 and February 2025.
The ambulatory-treated female patients who had sought specialist
treatment for their gummy smile agreed to the video recording of
their procedure and the possibility of anonymous publication of a
manuscript describing the innovative thread treatment they under-
went. All performed activities were within the accepted regulatory in-
dications for ambulatory thread application, as stated in the patient
information leaflet, and complied with the accepted regulatory

Figure 3. The operating table before the procedure: the 14-thread cannulas and a
caliper for precise measurements.

requirements (ie, Articles 62 to 82 of the European Union
Regulation MDR 2017/745 and Article 16 of Legislative Decree 137/
2022). These considerations allow for waiving all formal preliminary
IRB approval requirements.

The proposed subcutaneous thread insertion technique utilizes
23 G, 38 mm cannulas. Ideal candidates should not have undergone
any previous treatments for their gummy smiles and must have no
medical history that could interfere with the thread procedure. The
technique, which requires a 2-member team consisting of an author
and an assistant, has been standardized and tested without compli-
cations on 22 female patients with subjectively distressing gummy
smiles but not on men. This gender selection happened by chance,
likely because the prevalence of the condition is twice as high in
women, and women tend to seek consultation more often than
men. Each cannula contains 14 PDO smooth threads (V Lift Pro
International, La Vila Joyosa, Alicante, Spain).

The first cannula is inserted subdermally, 1.5 cm from the labial
commissure and 0.5 cm above it, following the vector of the orbicu-
laris oris muscle from the modiolus to the upper white lip (Figure 2).
All investigators used the same caliper to avoid biases and ensure
maximum precision in all measurements (Figure 3).

Using the same subdermal technique and insertion point, the
placement of the second cannula proceeds until it reaches the vector
of the levator labii superioris muscle entering from the modiolus. The
third cannula is also inserted subdermally at the same insertion point
as the first and second ones, following the vectors of the zygomaticus
major and zygomaticus minor muscles. The fourth cannula is inserted
2 cm from the insertion point of the first, second, and third cannulas
toward the premasseteric area and the internal corner of the eye,
crossing with the third thread in an X pattern. Video 1 details the to-
pographical identification of the 2 injection points and the insertion
vectors of smooth threads on the skin surface. Video 2 illustrates
the injection technique after needle positioning.

The authors’ empirical experience suggests that the collagen net-
work induced by the threads crossing is firmer and more stable than
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Video 1. Watch now at http:/academic.oup.com/asjopenforum/article-lookup/doi/
10.1093/asjof/0jaf094

Figure 4. Diagram showing the cannula insertion points and directions of inserted
threads. The positions of the botulinum toxin’s Yonsei points are shown for refer-
ence laterally to the nose pyramid. Reproduced from Hong under the terms of a
Creative Commons Attribution (CC BY) license.! DAO, depressor anguli oris;
LLSAN, levator labii superioris alaeque nasi; LLS, levator labii superioris; OOr, orbi-
cularis oris; Ri, risorius; ZMaj, zygomaticus major; ZMi, zygomaticus minor.

when the threads are inserted in parallel. This crossed insertion en-
hances the skin’s resistance to the lifting force of muscles. No topical
or infiltrative anesthesia is warranted unless required by the patient
or the injector. In summary, there are only 2 insertion points for the
4 cannulas. Four cannulas, each with 14 threads, means 56 threads
per hemiface, or eight 14-thread cannulas per patient, with an esti-
mated cost for a complete 8-cannula treatment of approximately
USD 130 in Latin America and USD 90 in Europe.

For more complete information, Figure 4 pictures the final orienta-
tions of the implanted threads against the background of the involved
facial muscles. All insertion points steer clear of the “danger zone”
identified by local vascular anatomy, specifically the angular artery,
the superior labial and lateral nasal arteries, and the more distal in-
fraorbital artery.1 Video 3 illustrates the procedure comprehensively,
following the identification of the 2 injection points: from skin disin-
fection to the insertion of the 4 cannulas.

A minor but equally effective technical variation deviating from the
standard 4-cannula protocol in 1 of the 22 patients treated so far in-
volved inserting only 2 cannulas following the levator labii superioris

Video 2. Watch now at http:/academic.oup.com/asjopenforum/article-lookup/doi/
10.1093/asjof/0jaf094

"V

Video 3. Watch now at http:/academic.oup.com/asjopenforum/article-lookup/doi/
10.1093/asjof/0jaf094

and orbicularis oris vectors while omitting the zygomaticus major and
zygomaticus minor muscle vectors. The patient displayed no expo-
sure of molar teeth while smiling, indicating that the force exerted
by the zygomatic muscles was not excessive. The lack of contractile
elevation of the zygomatic muscles justified this deviation from the
standardized technique for this patient. Standard recommendations
following the procedure included avoiding makeup and physical ex-
ercise for 24 h and refraining from local massage for 2 weeks.

Two weeks after the procedure, the 22 treated patients completed
a brief questionnaire to assess the pain experienced during the pro-
cedure using a 10-point Likert scale (O = no pain; 10 = maximum pain).
Additionally, the treated patients evaluated their satisfaction with the
treatment experience and, although still at that precocious stage,
their early impressions of the initial aesthetic benefits, assessed
through the Global Aesthetic Improvement Scale (GAIS) patient sub-
scale (5 scores: worse, no change, improved, much improved, and
very much improved).

RESULTS

Inthe 22 ambulatory patients treated so far with the proposed thread
technique (all patients were female; age range: 28-45 years, mean
age: 37.3 years), the period with no or negligible reversal of the cor-
rected EGD has ranged from 9 to 12 months. One patient
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<\
Video 4. Watch now at http:/academic.oup.com/asjopenforum/article-lookup/doi/
10.1093/asjof/0jaf094

Figure 5. (A) Pretreatment image of a 35-year-old female patient with upper lip re-
traction rising higher than expected when smiling, causing a baseline gummy smile.
(B) The patient is shown 4 months after the 14-thread cannula procedure. (C) Partial
reversion to baseline upper lip retraction with no retreatment is shown 18 months
after the 14-thread cannula procedure.

Video 5. Watch now at http:/academic.oup.com/asjopenforum/article-lookup/doi/
10.1093/asjof/0jaf094

experienced a transient hematoma at the insertion point, with no oth-
er complications reported. There has been no shift over time in all pa-
tients treated so far. Patients only experienced mild discomfort when
gesticulating during the first week.

Correction of the gummy smile condition develops rapidly. Videos
4 and 5, taken in standardized conditions (posture, light), document
that the baseline upper lip retraction appears less severe and disfig-
uring after 20 days in a 34-year-old female patient. In the patients
treated so far, the mean decrease in the RP1to RP2 distance was
0.85 mm after 2 weeks and progressed to 1.25 mm after 6 weeks.
The mean pain experienced during the procedure was 1.82 out of a
maximum of 10, whereas the GAIS patient score averaged 4.23 out
of 5. None of the treated patients reported a complete loss of aes-
thetic benefits, even after 12 months.

Figures 5A, B and 6A, B depict pre- and posttreatment examples of
the short-term correction 4 months after the standard 14-thread pro-
cedure in 2 patients aged 35 and 41, respectively. The lower eyelids
do not appear to contract, as the cheekbones rise only modestly
when smiling because of the reduced strength of the zygomatic ma-
jor and minor muscles. The right commissure in the patient depicted
in Figure 6B showed a more significant elevation, but the clinical sig-
nificance of this asymmetry was negligible for her. The likely reason
was a greater strength of the zygomatic muscles on that side. The au-
thor responsible for the patient (F.I.C.A.) added a cannula horizontally
at the intersection of the other 2, hoping that this additional cannula
would increase resistance to muscle traction and improve the base-
line asymmetry and that was what happened.

In Figures 5C and 6C, the patient images show that the upper lip
has partially reverted to its baseline elevation in both patients after
18 months. The results are no longer the same ones shown in
Figures 5B and 6B, yet the overall aesthetic outcomes remain satis-
factory after 18 months. Although, as expected, the reversal rate over
time is variable, and neither patient has required retreatment yet.

DISCUSSION

The outcomes of orthognathic surgery are permanent; however,
these surgical procedures are costly and time-consuming.
Additionally, they come with limitations and liabilities, including psy-
chological resistance, relapses, and occlusion results that may be un-
balanced or aesthetically unpleasant.” Nonsurgical techniques for
correcting EGD, such as botulinum toxin or the proposed thread
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Figure 6. (A) Pretreatment image of a 41-year-old female patient with upper lip re-
traction rising higher than expected when smiling, causing a baseline gummy smile.
(B) The patient is shown 4 months after the 14-thread cannula procedure. (C) Partial
reversion to baseline upper lip retraction with no retreatment is shown 18 months
after the 14-thread cannula procedure.

technique, are quick and ambulatory, alleviate the fear of surgery, are
affordable, and achieve success rates exceeding 95%. However,
they require a solid understanding of the anatomy of mimic muscles
and vascularity in the relevant areas, the upper lip, and the nasal
ala.*"

A dazzling smile results from the coordinated action of several
muscles: the levator labii superioris alaeque nasi, zygomaticus minor
and major, levator anguli oris, risorius, depressor anguli oris, depres-
sor labii inferioris, mentalis, depressor septi nasi, and orbicularis
oris.2 The levator labii superioris alaeque nasi muscle elevates and
everts the upper lip in moderate gummy smiles, whereas the depres-
sor septi nasi muscle pulls the nasal tip down. In severe gummy
smiles, the levator labii superioris muscle and, to a lesser extent,
the zygomaticus minor muscle also contribute to raising the upper
lip.*? For thread insertion, the anatomy of the upper lip elevator mus-
cles and the distribution of muscle vectors do not show significant

bilateral asymmetries.12 Regarding gender differences, the authors
cannot offer a hypothesis because they have treated no male individ-
ual so far.

Initially, the sole purpose of thread placement was to achieve a ge-
neral biorevitalization and rejuvenating effect.®® Only microscopicin-
vestigations could reveal how the observed actions of muscle
hypercontraction and upper lip elevation evolve; currently, the au-
thors can only propose hypotheses. The threads modulate the mimic
muscles to reduce activity. Is a mechanical action on the muscles re-
sponsible for the changes in muscle insertion to the subdermal layers
through the septal fibers on the muscle surface? Another hypothesis
suggests that the monofilament threads initially act as a mechanical
barrier that counteracts the muscle force, followed by local neocolla-
genesis, resulting in firmer skin and increased mechanical resistance
to muscle pull. Ethical concerns regarding biopsies and histology to
unravel this riddle would be significant.

Although the case series has 2 significant biases (few treated pa-
tients so far, all female patients), the aesthetic benefits of the pro-
posed thread technique seem to last longer than those of
botulinum toxin. Negligible or no reversal of EGD correction is notice-
able for at least 9 to 12 months and has been documented for 18
months in the first 2 treated patients, with only a slight return to base-
line compared with the EGD effect of botulinum toxin, which lasts
from 4 to 7 months.™" Depending on the botulinum toxin type and
the gummy smile’s baseline severity, the first signs of reversal may
appear within 4 months if the EGD is <5 mm. Initial reversal can occur
within 3 months if the EGD exceeds 5 mm. Furthermore, the unpre-
dictable risk of developing high titers of antibodies to botulinum toxin
from repeated injections should not be overlooked. This risk is nota-
ble, ranging from 0.5% to 1.5% per year, which may lead to partial or
complete treatment failure.”>"* Moreover, compared with hyaluronic
acid or botulinum toxin, the proposed technique of inserting PDO
smooth threads reduces the risk of a|||ergies.8'9 Additionally, it may
enhance skin quality by increasing collagen neosynthesis.

Another possible bias in these preliminary observations may relate to
the photographic documentation. The patients depicted in Figures 5
and 6 appear to smile less intensely in the follow-up photographs be-
cause eyelid wrinkles present in the baseline photographs are absent
in the follow-up images. This difference is not an artifact of manipulation
to minimize visual exposure of the gums at follow-up; the authors al-
ways ask their patients to smile as intensely as possible. Their idea is
that the increased rigidity of the skin because of the inserted threads
acts as a mechanical brake on the vigorous contraction of facial mus-
cles and skin folding, resulting in less evident eyelid and nasal wrinkles,
as well as wrinkles on the outer corner of the eye compared with the
baseline photograph. The unintentional “bias” may persist in future
treatments; however, it should not undermine the overall judgment
on the outcomes and value of the authors’ thread technique.

The remarkable safety and absence of complications in facial ar-
eas with significant animation among the 22 patients treated so far
also warrant discussion. The safety of thread placement strictly de-
pends on identifying the correct insertion plane; skin dimpling, appre-
ciable palpation, and visual appreciation of threads can occur with
dermal thread placement. Beyond hematoma, other speculatively
possible complications that were not observed include thread migra-
tion after insertion or thread extrusion, which could occur because of
an incorrect insertion plane.
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The critical risk mitigation strategy is attention while performing the
procedure. The operators who performed the thread injections are
highly skilled; however, the authors cannot dismiss the possibility
that the proposed thread procedure may be less safe in the hands
of less experienced practitioners, which would be a limitation of the
technique. Although considered minimally invasive treatments, using
threads in aesthetic medicine requires skills such as sound cannula
handling and thorough knowledge of skin planes and anatomical
landmarks. Insertion must be precise, because 1 portion of the
threads is inside the cannula and the other outside. It is impossible
to reverse or correct the orientation after insertion, unlike other in-
jectable treatments, where correcting the plane before injection is al-
ways feasible. Master-level courses in aesthetic medicine can
provide these skills if offered by reputable educational institutions
that provide both theoretical and practical training and if taught by
qualified trainers.

Concerning the satisfaction reported in the GAIS patient subscale
forms filled out 2 weeks after the procedure, when postprocedural in-
flammation may not have resolved, the high scores reported carry
only short-term anecdotal value and limited clinical significance.
Nonetheless, the elevated GAIS scores indicate that the technique
is well received and that initial outcomes are satisfactory. The authors
plan to reassess the GAIS scores in all future patients after 1year or 15
months.

CONCLUSIONS

Thanks to its safety and fewer injections, the proposed thread tech-
nique could offer a novel, technically convenient, minimally invasive,
safe, and consistently effective treatment option for skilled injectors
to tackle the gummy smile issue without directly affecting the neuro-
motor input to the overly active upper lip elevator muscles. In the fu-
ture, a formal preliminary categorization of gummy smile patients
according to the severity of gingival exposure could help personalize
the number of injected cannulas.
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