
ABSTRACT
The present study was under taken to evaluate the effects of filler injections on lip morphology changes in three dimensions (vertical, 
transverse, and sagittal). The subjects included 14 volunteers aged between 23 and 48 years who visited a private dermal clinic for 
lip enhancement with dermal filler injections. Photographs and video records were captured before (T1) and immediately after filler 
injection (T2) in frontal rest, frontal smiling, and lateral rest views. After one to two weeks, another set of records was taken before 
retouch injections (T3). These images were collected and measured using a software program to determine changes in lip morphology 
over time. In upper and lower lip vermilion heights at rest, lower lip vermilion protrusion, and upper and lower lip indices, there were 
significant differences between T1 and T2, T2 and T3, and T1 and T3. In upper lip length at rest and while smiling, upper lip vermilion 
height while smiling, upper incisor displays at rest and while smiling, gingival display while smiling, interlabial gap, smile index, 
nasolabial angle, upper and lower lip protrusion to the E-line, and upper lip vermilion protrusion, there were significant differences 
between T1 and T2 and between T1 and T3. There were no significant differences in intercommissural width and buccal corridors 
between any time points. Most static changes were gained at T3. Filler injection in the lips leads to an increase in lip length at rest 
and while smiling, lip vermilion height at rest and while smiling, smile and lip indices, lip protrusion to the E-line, and lip vermilion 
protrusion. Similarly, filler injection in the lips leads to a decrease in upper incisor display at rest and while smiling, gingival display 
while smiling, interlabial gap while smiling, and nasolabial angle, but it may not alter the intercommissural width (smile width) or 
buccal corridors.
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INTRODUCTION

The demand for cosmetic procedures has risen over the 
years. As a result, orthodontic procedures involved in facial 
esthetics have been increasingly sought after by clients. 
Amongst them, the most requested procedures include 
dentition alignment and reconciliation of the patient’s 
profile. Moreover, procedures that attempt to improve 
smiles are also frequently sought (Polo, 2008).orthodontists 
evaluate patient profiles in frontal and vertical planes and 
in static and dynamic states. orthodontists are required to 
critically analyze two main aspects in their patients. The first 
factor to be considered is soft tissue repose and animation, 
which is focused around particular details such as the way 
lips would animate while smiling, the degree of gingival 
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display, crown length, and the quality of the smile. The 
second factor to be considered is facial amendment over 
the years throughout a patient’s life or the impact of aging 
on the facial skeletal and soft tissue structures, (Sarver and 
Ackerman, 2003, lafaille and Benedetto, de Maio, 2020. 
lipko-godlewska et al., 2021).

lip shape and fullness strikingly impact facial esthetics. As 
one of the main determining factors of physical appearance, 
facial esthetics have been associated with allure, self-love, 
and overall self-confidence (de Aquino et al., 2013, litner 
et al., 2008). over the past five decades, fuller lips have 
been considered to be a desirable facial feature in women. 
A significant number of young females have undergone lip 
augmentation procedures to achieve the famous sought-after 
look portrayed by celebrities and fashion magazines (Segall 
and Ellis, 2007). Moreover, according to a study done by 
Bisson and grobbelaar (Bisson and grobbelaar, 2004), it 
has been reported that models seem to be more inclined 
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towards following the fuller lip trend than women who are 
not involved in the fashion industry. lip augmentation with 
fillers accentuates the overall look by making the lips look 
fuller and more defined by enhancing lip contours, and by 
making them look smooth as the procedure also reduces 
the appearance of fine lines (lanigan, 2011, Fitzgerald et 
al 2019). Furthermore, the use of dermal fillers for facial 
rejuvenation is trending. Such cosmetic procedures promise 
fascinating esthetic outcomes such as youthful, younger, 
and wrinkle-free skin without the need for any invasive 
surgical procedure, (Vlahova et al., 2014b, dalati et al 2020 
de Maio, 2020, lipko-godlewska et al 2021). 

This study  was aimed to evaluate the consequences of filler 
injections on lip morphology changes in three dimensions 
(vertical, transverse, and sagittal). our null hypothesis stated 
that there would be no distinction in lip measurements 
before and after filler injection at all time points within the 
frontal rest view, frontal smile view, or the lateral view.

MATERIAL AND METHODS

Sample selection: All subjects signed an institutional 
review board-approved informed consent form which was 
explained to them by doctors, and all photographs were 
taken by the same doctors. A total of 14 volunteers aged 
between 23 and 48 years came to a private dermal clinic 
in the city of riyadh, Saudi Arabia, for lip enhancement 
with dermal filler injections. A total of 114 photographs (38 
frontal rest views, 38 frontal smiling views, and 38 lateral 
views) were collected and measured for this study.

Inclusion and exclusion criteria: The inclusion criteria 
were as follows: voluntary involvement in the study, 
individuals of both sexes, between 18-50 years of age, 
and seeking dermal fillers in the lips for lip enhancement 
for esthetic reasons. however, patients with a cleft lip 
and/or palate; inability to determine the natural head 
position (i.e. uncooperative patients, patients with neural 
conditions); presence of any craniofacial anomalies or 
alternative pathology; history of significant facial trauma 
after a permanent or semi-permanent hyaluronic acid (hA) 
filler or Botulinum toxin (BTX-A) within the previous 12 
months; infection, disorder, or scar in the lip or mouth 
area that would prevent adequate study assessments; 
orthodontic braces or any other orthodontic appliances; 
active prosthodontic treatment; history of weight reduction 
surgery were excluded from this study.

Data collection: Photographs were standardized using a 
canon EoS 750d (canon; Tokyo, japan) digital camera 
with a resolution of 1080p and frame rate of 60 frames per 
second. The camera was mounted on an adjustable lEd-
ring-lighted tripod and placed in front of the subject. The 
camera was adjusted in front of the patient’s lower face at 
a distance of 55 cm and continuously registered the face 
with the lens positioned parallel to the true perpendicular 
of the face in the natural head position. While the subject 
was in the natural head position, they wore eyeglasses with 
a clipped-on reference standard to enable calibration in a 
digital measurement program (cooke and orth, 1990).Three 

video recordings were made for each subject at each time 
point using the “P video” setting at 60 frames per second 
(frontal view of a subject at rest while talking, frontal view 
of a posed social smile, and lateral right side profile at 
rest). These videos were recorded pre-injection (T1), post-
injection (T2), and at a follow-up one to two weeks later 
(T3) before retouching.

Filler injection type and technique: In this study, 0.8 ml 
of hA filler were injected using a 30-gauge needle 12 mm in 
length. Topical anesthesia was applied before filler injection. 
The dermatologist used the multiple linear retrograde 
threading technique. The amount of filler delivered was 0.5 
ml to the upper lip and 0.3 ml to the lower lip. The injection 
points were 0.5 cm away from the corners of each lip.

Image analysis: Using software (onyxceph³™ 3.2.100 
Build 233; Tigris chemnitz, germany), 114 digital 
photographs were analyzed for changes in all three 
dimensions. A total of 950 points were traced on the T1, 
T2, and T3 images.

Measurements for the frontal view at rest (Figure 
1A):Included upper lip length (Sn-Sts), upper lip vermilion 
height (ls-Sts), upper incisor display (Sts-IncU), and lower 
lip vermilion height (Sti-li).

Figure 1: Frontal view measurements (A) frontal view at 
rest, (B) frontal smiling view and (C) lateral right-side 
profile view.

Measurements for the frontal smiling view (Figure 1B): 
Vertical measurements included upper lip length (Sn-Sts), 
upper lip vermilion height (ls-Sts), upper incisor display 
(Sts-IncU), gingival display (UIgM-Sts), and interlabial 
gap (Ilg; Sts-Sti). Transverse measurements included 
intercommissural width (IcW; smile width; Mcr-Mcl), 
premolar width (PMr-PMl), buccal corridors ((Mcr to 
Mcl) - (PMr to PMl)), and smile index (IcW (Mcr to 
Mcl) / Ilg (Sts to Sti)).

Measurements for the lateral right-side profile view 
(Figure 1c) included the nasolabial angle (angle between 
tangent Pn-Sn and tangent lS-Sn), the upper lip protrusion 
to the E-line of ricketts (ls to Pn-Pog’ line), lower lip 
protrusion to the E-line of ricketts (li to Pn-Pog’ line), 
upper lip vermilion protrusion (UlP; lS perpendicular 
to Sls-Ils line), lower lip vermilion protrusion (llp; li 
perpendicular to Sls-Ils line), upper lip index (Ulh x UlP), 
and lower lip index (llh x llP).
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Examiner reliability: reliability testing was carried out 
by having the examiner digitize the landmarks twice in a 
one-week interval for one randomly selected subject for 
each of the three different views. no significant differences 
were found between these examinations. The intra-class 
correlation coefficient was 1.00, which suggests 100% 
consistency across results.

Statistical analysis: The Statistical Package for Social 
Sciences (SPSS version 22.0; IBM, Armonk, ny) was 
used for statistical analysis. Sample size indicated a power 
value of 0.85, meaning that the chosen sample size allowed 
for statistical analysis. Friedman’s test was used to detect 
differences in measurements while the Wilcoxon signed-
rank test with Bonferroni correction was applied to test 
differences between multiple time points for a specific 
measurement.

RESULTS AND DISCUSSION

Frontal rest measurements: Table 1 shows the lip changes 
after filler injection for the frontal rest measurements. 1. 

Upper lip length at rest :The upper lip length at rest was 
significantly increased between T1 and T2 by a mean value 
of 0.77 mm; between T2 and T3 also increased by a mean 
value of 0.39 mm (statistically insignificant). The net change 
between T1 and T3 was also statistically significant (1.17 
mm).1, Upper lip vermilion height at rest.

The upper lip vermilion height at rest was increased between 
T1 and T2 by a mean value of 1.92 mm; between T2 and 
T3, decreased by a mean value of -0.12 mm. The net change 
between T1 and T3 was increased by 1.79 mm mean value.1 
Upper incisor display at rest. The upper incisor display at 
rest was significantly decreased between T1 and T2 by a 
mean value of -0.84 mm; between T2 and T3 increased by a 
mean value of 0.04 mm (statistically insignificant). The net 
change between T1 and T3 was significant and decreased 
by -0.8 mm mean value. 1 lower lip vermilion height at 
rest.The lower lip vermilion height at rest was increased 
between T1 and T2 by a mean value of 1.2 mm; between 
T2 and T3 decreased by a mean value of -0.74 mm. The 
net change between T1 and T3 was increased by 0.45 mm 
mean value. The details are presented in Table 1.

Frontal at rest                       T1 – T2                   T2 – T3                     T1 – T3
 Mean P value Mean P value Mean P value

upper lip length 0.77857 0.001* 0.39286 0.026 1.17143 0.005*
upper lip vermilion height 1.92143 0.001* -0.12857 0.011* 1.79286 0.005*
Upper incisor show -0.84286 0.001* 0.04143 0.023 -0.80143 0.005*
lower lip vermilion height 1.20 0.001* -0.74286 0.008* 0.45714 0.005*

* Statistical significance at p≤0.017

Table 1. Lip changes after filler injection for the frontal rest measurements.

Frontal smiling measurements: Table 2 shows 
the lip changes after filler injection for the smiling 
measurements.

Upper lip length: The upper lip length while smiling 1. 
was significantly increased between T1 and T2 by 
a mean value of 1.04 mm; between T2 and T3 also 
increased by a mean value of 0.4 mm (statistically 
insignificant). The net change between T1 and T3 was 
significantly increased by 1.45 mm mean value.
Upper lip vermilion height while smiling:The upper 2. 
lip vermilion height while smiling was significantly 
increased between T1 and T2 by a mean value of 1.23 
mm; between T2 and T3 also increased by a mean value 
of 0.49 mm (statistically insignificant). The net change 
between T1 and T3 was significant and increased by 
1.73 mm mean value.
Upper incisor display at a smile:The upper incisor 3. 
display while smiling was statistically significant 
decreased between T1 and T2 by a mean value of -1.1 
mm; between T2 and T3 increased by a mean value 
of 0.5 mm (statistically insignificant). The net change 
between T1 and T3 was also significant and decreased 
by -0.6 mm mean value.

gingival display while smiling :gingival display while 4. 
smiling was significantly decreased between T1 and T2 
by a mean value of -0.78 mm; between T2 and T3 also 
decreased by a mean value of -0.12 mm (statistically 
insignificant). The net change between T1 and T3 was 
significant and decreased by -0.9 mm mean value. 
Interlabial gap while smiling: Interlabial gap while 5. 
smiling was significantly decreased between T1 and T2 
by a mean value of -1.6 mm. however, between T2 and 
T3 increased by a mean value of 0.49 mm (statistically 
insignificant). The net change between T1 and T3 was 
significant decreased by -1.11 mm mean value.
Intercommissural width while smiling and Buccal 6. 
corridors while smiling 
There was no statistically significant difference for the 7. 
intercommissural width and buccal corridors at smile 
between T1 and T2; T1 and T3; and T2 and T3.
Smile index:The smile index was significantly 8. 
increased between T1 and T2 by a mean value of 1.97 
mm. however, between T2 and T3 it was decreased by 
a mean value of -0.49 mm. (statistically insignificant). 
The net change between T1 and T3 was significant 
increased by 1.48 mm mean value. The details are 
presented in Table 2.
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Main lateral measurements: Table 3 presents lip changes 
after filler injection for the lateral measurements. 

Nasolabial Angle:1. The nasolabial angle was 
significantly decreased between T1 and T2 by a mean 
value of -5.87°; between T2 and T3 the angle increased 
by a mean value of 3.46° (statistically insignificant). 
The net change between T1 and T3 was statistically 
different by -2.4°.
Upper lip protrusion to E-line:2. The upper lip 
protrusion to the E-line was significantly increased 
between T1 and T2 by a mean value of 1.32 mm; 
decreased between T2 and T3 by a mean value of 
-0.63 mm. The net change between T1 and T3 was 
statistically significant by 0.69 mm.
Lower lip protrusion to E-line:3. The lower lip 
protrusion to the E-line was significantly increased 
between T1 and T2 by a mean value of 0.9 mm; 
decreased between T2 and T3 by a mean value of 
-0.54 mm. The net change between T1 and T3 was 
statistically significant 0.35 mm.

The present  study was  aimed to analyze the changes in lip 
morphology following lip filling injections. The changes 
were observed in the upper and lower lips of each individual 
in three dimensions including vertical, transverse, and 
sagittal planes. A total of 114 photographs were taken and 
evaluated for this study. The images were taken before and 
after the procedure.

The measurements show striking differences between 
images taken immediately after injection and those taken 

one to two weeks after the procedure. This suggests that 
the effect of lip fillers fades significantly over time; as a 
result of which, we considered a third measurement (T3) to 
determine the actual effect of hA fillers. one of the main 
reasons behind the changes noted over time following lip 
filling is the injection site reaction that follows immediately 
after hA filler injections. According to chiu et al, injection 
site reactions are fairly common after hA injections to the 
lip, despite being short-lived (chiu et al., 2016). According 
to lafaille and Benedetto, the most common side effects 
related to hA lip fillers are at the local injection site, 
including pain, redness, edema, ecchymosis, and itching 
(lafaille and Benedetto, de Maio, 2020). however, these 
side effects are usually mild and short-lived , Abduljabbar 
and Basendwh, 2016, lipko-godlewska et al., 2021).

Upper lip length has a significant impact on the way lips 
equilibrate with one another. A shorter upper lip may 
decrease the lip seal and increase the interlabial gap at rest. 
Furthermore, the shorter the upper lip length, the greater 
the gingival exposure while smiling (Miron et al., 2012, 
Seixas et al., 2011). our study suggests that the upper lip can 
increase by roughly 1.2 mm, which is the length measured 
from the base of the nose (Sn) to the lowermost border of 
the upper lip (Sts) after lip filler injections. Subsequently, 
as a result, the visibility of the upper incisors decreased by 
only 0.8 mm. hence, it can be estimated that the reduction 
in incisor display is roughly around two-thirds of the amount 
of upper lip length gained. Furthermore, the remaining one-
third could be due to a change in the Sn point position as a 
result of vermilion lip projection. As per our observations, 
upper lip vermilion height grew by around 1.8 mm whereas 

Frontal smiling                       T1 – T2                   T2 – T3                     T1 – T3
 Mean P value Mean P value Mean P value

Upper lip length 1.04286 0.004* 0.40714 0.646 1.45000 0.005*
Upper lip vermilion height  1.23571 0.002* 0.49429 0.645 1.73000 0.005*
Upper incisor show  -1.10714 0.005* 0.50143 0.333 -0.60571 0.011*
lower lip vermilion height -0.78571 0.016* -0.12143 0.838 -0.90714 0.005*
Interlabial gap -1.60714 0.001* 0.49571 0.153 -1.11143 0.005*
Intercommissural width -0.65714 0.035 0.56857 0.314 -0.08857 0.107
Smile index 1.97857 0.001* -0.49571 0.202 1.48286 0.005*

* Statistical significance at p≤0.017

Table 2. Lip changes after filler injection for the smiling measurements

Lateral measurements                       T1 – T2                   T2 – T3                     T1 – T3
 Mean P value Mean P value Mean P value

nasolabial angle -5.87143 0.001* 3.46857 0.028 -2.40286 0.005*
Upper lip protrusion to E-line 1.32857 0.001* -0.63857 0.052 0.69000 0.005*
lower lip protrusion to E-line  0.90714 0.001* -0.54857 0.065 0.35857 0.005*

* Statistical significance at p≤0.017

Table 3. Lip changes after filler injection for the Lateral measurements

Alshehri et al.,
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the lower lip vermilion height increased by almost 0.45 mm. 
The difference between vermilion heights of the upper and 
lower lip can be attributed to different quantities of hA 
fillers injected.

 The upper lip was injected with 0.5 ml of hA filler whereas 
the lower lip was injected with 0.3 ml. concerning vertical 
smile measurements post-injection, the upper lip length 
and vermilion height increased by 1.45 mm and 1.73 
mm, respectively. As a result, the upper incisor display 
and gingival display decreased by 0.6 mm and 0.9 mm, 
respectively. In contrast, BTX-A injections in subjects 
with large gingival displays (a “gummy smile”) resulted 
in gingival display reductions of 5.2 mm (Polo, 2008). To 
evaluate the effect of dermal fillers on gingival display 
reduction, we required subjects with gummy smiles before 
filler injections. however, only 1 out of the total 14 subjects 
presented with a gummy smile before filler injection at T1, 
and they dropped out of the study after T2. Therefore, our 
findings of gingival display reduction relied on changes 
between T1 and T3 associated with the amount of upper lip 
length changes instead of actual gingival display changes.

The observations regarding the amount of reduction in 
gingival display achieved after lip filler injections are 
comparable to the report by goldstein et al. (goldstein et 
al., 2009). The use of dermal fillers for lip augmentation in 
cases with gummy smiles can be very helpful to improve 
the aesthetics of fixed prosthetic constructions for women 
with high or medium smile lines (Fitzgerald et al., 2019). 
Vlahova et al. (2014a) showed pre- and post-procedure 
pictures that illustrated a decrease in smile line in two 
patients injected with hA fillers and they concluded that if 
a gummy smile is solely because of a thin upper lip, then 
lip-filling hA injections can give satisfactory results by 
improving the esthetics of a smile. our suggested results 
are also in line with findings by dalati, who stated that 
dermal fillers are used for lip augmentation and are used 
by dentists for cases of high lip lines, uneven lips, and to 
make the perioral area more esthetically pleasing (dalati 
and Koussayer, 2020).

 Even though all of the studies mentioned have results 
that can be compared to ours, they did not provide exact 
measurements. In contrast, our study showed that the 
mean gingival display reduction was almost 0.9 mm.The 
transverse dimension of the smile is a major characteristic 
of smile analysis. The transverse dimension affects smile 
broadness and buccal corridors (more commonly referred 
by orthodontists as negative space) (Sarver, 2001).The 
effect of hA filler on intercommissural width and buccal 
corridors in our current study did not show a significant 
difference before and after injection. It can be suggested 
that the injection technique of terminating the filler injection 
0.5 cm away from the corner of the mouth may contribute 
to these findings.

To visualize and quantify the frontal smile, Ackerman and 
Ackerman developed a ratio known as the smile index, 
which describes the area framed by the vermilion borders 
of the lips during a social smile (Ackerman and Ackerman, 
2002). The smile index is determined by dividing the 

intercommissural width by the interlabial gap while smiling. 
This ratio helps compare smiles among different patients 
or over time in a single patient. It was suggested that the 
lower the smile index, the less youthful the smile appears. 
our results for the smile index increased after hA filler 
injection by almost 1.48 mm. As the intercommissural width 
did not change significantly in our study, it can be said that 
it did not affect the smile index, which was mainly affected 
by changes in the interlabial gap. As per our observations, 
the interlabial gap decreased by roughly 1.11 mm. hence, 
it can be said that hA lip fillers can contribute negatively 
to the beauty of a smile due to a decrease in smile length, 
even if the smile index increases.

The nasolabial angle is influenced by the inclination of 
the columella of the nose and by the position of the upper 
lip. According to Sarver and jacobson, one of the factors 
affecting the nasolabial angle is the soft tissue thickness of 
the maxillary lip, as a thin upper lip favors a flatter angle 
and a thicker lip favors an acute angle (Sarver and jacobson, 
2007). our results showed that the nasolabial angle 
decreased after filler injection by almost 2.4°. Therefore, 
the hA filler caused a narrowing of the nasolabial angle.The 
E-line, or the esthetic line of ricketts, is drawn from the 
tip of the nose to the most anterior point on the soft tissue 
of the chin (ricketts, 1957). This line is considered to be a 
very valuable diagnostic tool for an orthodontist to detect 
the amount of anterior-posterior soft tissue projection. 

our results showed that upper and lower lip protrusion 
to the E-line increased after filler injection by 0.69 mm 
and 0.35 mm, respectively. Upper and lower lip vermilion 
protrusion were measured by perpendicular lines from the 
most anterior points of the vermilion of the lips to a line 
connecting the point of greatest concavity between the nose 
and upper lip and a point of greatest concavity between the 
chin and lower lip.22 our results showed that the upper and 
lower lip vermilion protrusion increased after filler injection 
by almost 0.91 mm and 0.56 mm, respectively.A simple 
lip index was proposed to evaluate the clinical effects and 
duration of dermal fillers (lemperle et al., 2010). This index 
is calculated by multiplying the length of the vermilion lip 
by its protrusion. The upper and lower lip indices for our 
sample increased after filler injection by almost 15.94 mm2 
and 8.31 mm2, respectively.

At the time of writing this manuscript, we could not find 
any study that measured the impact of dermal fillers on 
lips with such linear and angular measurements. Therefore, 
we could not objectively compare the results of this study 
with others. In this study, we noticed differences in lip 
measurements before and after filler injection at all time 
points in the frontal rest view and the frontal smile view, 
and some differences in the lateral view, and so our null 
hypothesis was partially rejected.
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CONCLUSION

Within the limitations of the present study, most static 
changes were gained at T3 (one to two weeks after filler 
injection), which we consider to be the actual effect of the 
hA filler. Injecting hA filler to the lips leads to an increase 
in the following parameters: lip length at rest and while 
smiling, lip vermilion height at rest and while smiling, smile 
index, lip protrusion to the E-line, lip vermilion protrusion, 
and lip index. Injecting hA filler to the lips also leads to a 
decrease in the following parameters: upper incisor display 
at rest and while smiling, gingival display while smiling, 
interlabial gap while smiling, and nasolabial angle. Injecting 
hA filler to the lips may not alter intercommissural width 
or buccal corridors.
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