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ABSTRACT Objective: The objective of this study was to determine
the lip support gained by complete upper dentures using the nasolabial
angle (NLA) parameter before and after the prosthesis insertion. Ma-
terial and Methods: 31 patients with complete edentulism were in-
cluded in the study. The epidemiological characteristics and
etiology/period of edentulism were recorded. The patients received den-
tures made by the same 2 clinicians and the dental laboratory. Pre-treat-
ment and post-treatment profile photographs were taken and NLA
measurements were made. The conformity of the variables to normal
distribution was analyzed by Shapiro-Wilk test. Dependent sample t-
test was used to evaluate normally distributed variables between 2 de-
pendent measurements. Repeated measures analysis of variance test
was used to determine whether the NLA measurement changed ac-
cording to gender, age, etiology, and duration of edentulism groups.
Differences between groups were determined by Tukey’s honestly sig-
nificant difference test. p values below 0.05 were considered as statis-
tically significant. Results: The mean baseline measurement of NLA
was 97.39+11.45, the mean final measurement was 89.36+10.63. NLA
decreased significantly in the final measurement. The decrease of NLA
is greater in males, however the difference in age and etiology groups
were not significant. Conclusion: It can be stated that complete upper
dentures positively affect lip support however the relation between
NLA gained and epidemiological characteristics needs further investi-
gation.

Keywords: Complete upper denture; prosthodontics;
denture design; dental care for aged

OZET Amagc: Bu caligmanin amact, iist total protezlerin sagladig
dudak destegini protez oncesi ve sonrasi nazolabial a¢1 (NLA) para-
metresini kullanarak belirlemektir. Gere¢ ve Yontemler: Tam dissiz-
ligi olan 31 hasta ¢alismaya dahil edildi. Epidemiyolojik 6zellikler ve
digsizlik etiyolojisi/siiresi kaydedildi. Hastalara ayn1 2 klinisyen ve dis
laboratuvar tarafindan protezler yapildi. Tedavi ncesi ve sonrasi pro-
fil fotograflari ¢ekildi ve NLA dlgtimleri yapildi. Degiskenlerin normal
dagilima uygunlugu Shapiro-Wilk testi ile analiz edildi. Bagimli 6r-
neklem t-testi, 2 bagimli 6l¢iim arasindaki normal dagilimli degisken-
leri degerlendirmek igin kullanildi. NLA 6l¢iimiiniin cinsiyet, yas,
etiyoloji ve dissizlik siiresi gruplarina gore degisip degismedigini be-
lirlemek i¢in tekrarli 6l¢iimlerde varyans analizi testi kullanildi. Grup-
lar arasindaki farkliliklar Tukey’s HSD testi ile belirlendi. 0,05’in
altindaki p degerleri istatistiksel olarak anlamli kabul edildi. Bulgular:
NLA’nin ortalama baslangi¢ dl¢timii 97,39+11,45, ortalama son 6l-
¢limii 89,36+10,63 idi. NLA son dlgiimde anlamli olarak azalmigtir.
NLA’daki azalma erkeklerde daha fazladir, ancak yas ve etiyoloji grup-
lar1 arasindaki fark anlamli degildir. Sonug¢: Tam iist protezlerin dudak
destegini olumlu yonde etkiledigi sdylenebilir ancak kazanilan NLA
ile epidemiyolojik 6zellikler arasindaki iliskinin daha fazla arastiril-
masi gerekmektedir.
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protez dizayni; yaslilarda dis bakimi
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Complete edentulism is still an everyday case
the dentists encounter and treat accordingly. In 2014,
it was reported that 2.3% of the worldwide popula-
tion (~158 million people) was edentulous.! Tooth
loss that leads to complete edentulism can be caused
by caries, periodontal factors, systemic factors or so-
cioeconomic factors.>® Even though the causes can
be different, the treatment options are mostly similar
in all the cases; complete dentures, implant retained
overdentures or implant retained fixed/hybrid pros-
thesis. The treatment options can be narrowed down
to an ideal treatment course pertaining to the intrao-
ral situation and patients’ finances.

As the teeth are progressively lost, both the intra-
and extraoral tissues are subject to alterations. The
maxillary alveolar process’ labial/buccal aspects re-
sorb to the palatal aspect and the mandibular alveolar
process the lingual aspects resorb to the labial/buccal
aspect, thus creating a pseudo-mandibular prog-
nathism. Other changes caused by total edentulism
include a decrease of the vertical dimension and cor-
responding facial height causing the chin to become
closer to the nose.* A separate consequence of the di-
rection of this resorption is the loss of lip support and
the increase in the nasolabial angle (NLA).

The lost lip support can be restored with the help
of the prosthesis design. However since only the
labial flanges can replace the resorbed alveolar bone,
only removable prosthesis designs, i.e. complete den-
tures and overdentures, can reinstate the lip support
decreasing the NLA.®

The amount of pre-treatment lip support and the
desired post-operative lip support determines the
modality of the prosthesis.®* The amount of lip sup-
port provided may be influenced by the arch shape,
the position of the incisors, cervical edge contours
and the resorption amount.”® To analyze the lip sup-
port a baseplate and wax rim labial flange can be
used. The lip support can be observed with and with-
out this labial flange and thus the treatment options
can be discussed accordingly.’

The main objective of this research is to evaluate
the changes in the NLA after providing the patients
with an upper complete denture. The change in the
NLA as a facial marker may be able to provide a nu-

merical value for the change in lip support provided
with an upper complete denture. To the best of the au-
thors’ knowledge there are no studies showing an av-
erage numerical change in NLA and lip support with
the use of complete upper dentures. The null hypoth-
esis of this study is that the complete upper dentures do
not provide a significant change in NLA/lip support.

I MATERIAL AND METHODS

This study was conducted at Bagkent University Fac-
ulty of Dentistry, Department of Prosthodontics. This
study was approved by Baskent University Institu-
tional Review Board and Ethics Committee (tarih: 2
Agustos 2023; no: D- KA23/15). The study was con-
ducted in accordance with the Declaration of Helsinki
principles.

The inclusion criteria for this study were ap-
pointed as patients with total edentulous maxilla
using complete dentures. Informed consent was ob-
tained from the patients, a complete dental and med-
ical history was taken, intraoral and extraoral
examinations were performed and the etiological fac-
tors for edentulism were recorded. Extraoral profile
photographs were taken in accordance with the in-
formed consent form. Thirty-one patients were in-
cluded in the study.

In this study, complete dentures with acrylic
bases were produced in order to treat total edentulism
by 2 clinicians; AS and DA. A competent dental tech-
nician using the same materials at a qualified dental
lab produced all of the prostheses.

To compare the pre-treatment and post-treat-
ment NLAs, side profile photographs of the patients
with and without the prostheses were taken using a
digital single-lens reflex camera (Canon 750D,
Canon Inc., Japan) and a suitable macro lens (Canon
Macro Lens EF 100 mm/1:2.8 L IS USM, Canon Inc.,
Japan) with the settings set at 1/200/F16/ISO 200. In
order to standardize the photographs, a tripod was
used to affix the camera at a set 3 meters distance at
a predetermined point at the same dental unit. The pa-
tients’ ala-tragus lines were positioned to be parallel
to the ground in order to standardize the posture
(Figure 1). The ala-tragus line was selected for the
standardization, as the natural head position may not
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FIGURE 1: Figure depicting the standardization of the posture and the camera po-
sitioning

always result in a true horizontal plane because of its
variability, which may hinder the standardization.'’
The NLA measurements were made with the help of
the AutoCAD (Autodesk, USA) software. The NLA
was measured using the orthodontic standard points
of pronasale, subnasale and labialis superioris.'!

The power analysis was conducted using the
G"Power software (Disseldorf, Germany) using the
inputs as follows; 0=0.05, 1-=0.95, dz=0.617.

Statistical analyses were performed with SPSS
version 25.0 software (IBM, Armonk, NY, USA).
The conformity of the variables to normal distribu-
tion was analyzed by Shapiro-Wilk test. Mean, stan-
dard deviation, median, minimum and maximum
values were used for descriptive analyses. Frequency
and percentage values of the variables were used
when presenting categorical variables. Dependent
sample t-test was used to evaluate normally dis-
tributed variables between 2 dependent measure-
ments. Repeated measures analysis of variance test
was used to determine whether the NLA measure-
ment changed according to gender, age, etiology, and
duration of edentulism groups. Differences between
groups were determined by Tukey’s honestly signif-
icant difference test and p-values below 0.05 were
considered as statistically significant results.

I RESULTS

The power analysis at 80% confidence gave a result
of 23 patients and the study included 31 patients.

64.52% of the patients were male. 6.45% of the pa-
tients were 40-50 years old, 12.9% were 50-60 years
old, 41.94% were 60-70 years old, 35.48% were 70-80
years old and 3.23% were 80 years old or older. The
etiology of edentulism was classified as periodontal
disease (58.06%), extraction due to caries (32.26%)
and trauma (9.68%). The duration of edentulism was
0-5 years in 41.94%, 5-10 years in 9.68%, and 10
years or more in 48.39% of the patients (Table 1).

The mean baseline measurement of nasolabial
angle was 97.39+11.45, while the mean final measure-
ment was 89.36+10.63. Nasolabial angle decreased
significantly in the final measurement (Table 2).

In Table 3 and Figure 2, NLA Pre-treatment and
NLA Post-treatment values were compared accord-
ing to gender, etiology, age groups, and different time
periods. According to the analysis results, the time
factor (the difference between NLA pre-treatment
and NLA post-treatment) was found to be significant
overall (p<0.001). Regarding gender, the time factor

TABLE 1: Table showing the distribution of the patients’
characteristics, i.e. gender, etiology of edentulism, age and
edentulism period

n %
Gender Female 11 (35.48)
Male 20 (64.52)
Etiology Periodontal 18 (58.06)
Caries 10 (32.26)
Trauma 3 (9.68)
Age 40-50 years 2 (6.45)
50-60 years 4 {12.90)
60-70 years 13 (41.94)
70-80 years 11 (35.48)
80 years and over 1 (3.23)
Period 0-5 years 13 (41.94)
5-10 years 3 (9.68)
10 years and over 15 (48.39)

TABLE 2: The changes in pre- and post-operative
NLA calculated with dependent 2 sample t-test

X+SD  Median (minimum-maximum) p value

NLA pre-operative  97.39+11.45 99.5 (89.3-118.2) <0001

NLA post-operative 89.36+10.63 87.4(70.2-108.2)

SD: Standard deviation; NLA: nasolabial angle



TABLE 3: The changes in pre- and post-operative NLA according to the groups calculated with analysis of variance in repeated measures
NLA Pre-treatment NLA Post-treatment pvalue pvalue p value
X+SD Median (minimum-maximum) X+SD Median (minimum-maximum)  (time) (group) (time* group)
Gender Female 94.69+14.78 98.9 (69.3-118.2) 89.95£11.63 94.2 (73.9-108.2)
<0.001 0.685 0.036
Male 98.88+9.24 100.3 (79.5-114.8) 89.05+10.35 86.75 (70.2-104.6)
Etiology Periodontal 99.58+12.16 101.95 (77.8-118.2) 91.75+12.55 96.05 (70.2-108.2)
Caries 94.01£11.11 99.45 (69.3-106.8) 85.81+6.89 85.3 (73.9-96.6) <0.001 0.371 0.976
Trauma 95.57+6.96 98.1(87.7-100.9) 86.9+4.52 84.7 (83.9-92.1)
Age 40-50 years 99.75+17.04 99.75 (87.7-111.8) 91.2549.26 91.25 (84.7-97.8)
50-60 years 92.9+9.81 95.6 (79.5-100.9) 81.38+7.49 81.75(72.1-89.9)
60-70 years 99.28+9.27 103.1 (77.8-107.3) 93.21£10.60 95.5 (76.3-104.6) <0.001 0.585 0.509
70-80 years 96.18+14.70 98.5 (69.3-118.2) 86.73£10.99 86.1(70.2-108.2)
80 years and over 99.4%. 99.4 (99.4-99.4) 96.6+. 96.6 (96.6-96.6)
Period  0-5 years 100.67+9.14 103.1(79.5-111.8) 94.07+10.73 97.8 (72.1-104.6)
5-10 years 101.83+4.30 99.5 (99.2-106.8) 88.93+5.66 87.4(84.2-95.2) <0.001 0.137 0.328
10 years and over ~ 93.67+13.32 98.1(69.3-118.2) 85.37+10.07 84.5(70.2-108.2)
SD: Standard deviation
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FIGURE 2: Figure showing the changes in the NLA before and after the delivery of the complete denture according to the patients’ characteristics.
A) Etiology of edentulism; B) Gender; C) Age; D) Edentulism period

was significant (p<0.001), whereas no significant dif-
ference was observed between groups (p=0.685).
However, the time*group interaction was significant
(p=0.036). This indicates that NLA measurements
decreased over time, but this decrease was similar

across genders. Additionally, the decrease in males
was significantly greater compared to females.

In terms of etiology, the time factor was found to
be significant (p<0.001), while no significant differ-
ence was observed between groups (p=0.371), and



the time"group interaction was not significant
(p=0.976). This indicates that NLA measurements
showed a significant decrease over time, but this de-
crease was similar across the etiology groups.

In terms of age, the time factor was found to be
significant (p<0.001), while no significant difference
was observed between groups (p=0.585), and the
time"group interaction was not significant (p=0.509).
This indicates that NL A measurements showed a sig-
nificant overall decrease over time, but this decrease
was similar across all age groups.

In terms of period, the time factor showed a sig-
nificant difference (p<<0.001), whereas no significant
difference was observed between groups (p=0.137)
or in the time“group interaction (p=0.328). This indi-
cates that NLA measurements showed a significant
overall decrease over time, but this decrease was sim-
ilar across all period groups.

I DISCUSSION

With the results of this current study, the null hy-
potheses were rejected. The complete upper dentures
provide a statistically significant change in the lip
support. An average decrease of 8° of NLA is
recorded in this study.

The bones in the human body are subjected to a
continuous process of deposition and resorption, re-
modeling, which is governed by the functional ma-
trix theory explained by Enlow.'? This functional
matrix theory states that the governing tissues of os-
teogenic remodeling are the surrounding soft tissues
and the dental tissues connected to the alveolar ridges
by the Sharpey fibers.!? As humans age, the tonus of
the muscles decrease and the teeth may be lost due to
several reasons. These changes coupled with the eti-
ological factors for edentulism causes the bone re-
modeling to shift its” equilibrium to the side of
resorption.

However, edentulism and the loss of muscular
tonus are not the sole reasons for alveolar bone re-
sorption. According to the longitudinal study of 25
years by Tallgren (1972), the anterior height of the
alveolar ridges continues to decrease with the use of
complete dentures. It is stated in this article that the
alveolar resorption reaches its” maximum level at the

first year, but it still continues after 25 years. The
alveolar ridge lost in the mandible is stated to be 4
times higher than in the maxillary alveolar ridge."
Thus, it can be said that the external forces acting on
the alveolar bone also causes continuing bone re-
sorption.

After severe resorption of the alveolar ridge, the
facial contours are also subject to change as the fa-
cial vertical dimensions decrease and the pseudo-
reached.*'*  The
cephalometric study by Palac et al. also shows the ef-

prognathic  appearance is
fects of complete dentures used for 5 years. The oc-
clusal plane/Frankfort Horizontal angle’s, ANB
angle’s and the SN/Go-Gn angle’s changes support
the facts that the lower facial height is reduced, the
occlusal plane shows anterior rotation and maxillo-
mandibular relation becomes more prone to Class III
relation.!* However, it is imperative that the clinician
should not forget that these changes also affect the
supporting soft tissues as well, such as a decrease in
the lip support and the corresponding NLA. New
studies are being conducted to estimate these resorp-
tive changes and their post-operative changes after
delivering the denture."

It is no surprise that the patients’ needs do not
end with just providing function.'® Esthetics, in case
of total edentulism, consists of restoring the facial
contours as well as dental esthetics. The combination
of dental and facial esthetic needs can be rehearsed at
the production stages of the denture and then be at-
tuned to the patients’ special needs with the help of
impressions and wax rims.'” At the border molding
stage it was thought that the “rolled borders” would
create a sufficient support for the lips but
Besford&Sutton in their 2018 paper state that the
thinness of the labial flange can help the silhouette of
the lip to return back to its” pre-extraction state.”!’
After tuning the wax rims to create an ideal lip sup-
port, then a decision can be made about the existence
of labial flanges. However; in order to create a lip
support, a labial flange is recommended most of the
times, thus creating the need for a denture or an over-
denture.!” If the patient’s needs do not include a labial
flange, then a fixed prosthesis can be the first option.
As opposing to creating the ideal situation for the pa-
tient, sometimes a patient may choose to have what



he/she became used to in the years. In these situa-
tions, a duplicate denture with the same polished sur-
face and flanges as the patient’s previous denture
should be created.'®

In this study, the first parameter to be researched
was the etiological reasons for the patients’ eden-
tulism. Untreated periodontitis may cause severe
bone resorption as it is an inflammatory disease with
infectious characteristics compromising the whole
periodontium. However, the extraction of teeth due
to caries may not result in such an amount of alveo-
lar resorption.!” The other parameters that were
looked into were host-dependent epidemiological
factors, i.e. gender, sex, age and edentulism period.

As the patients’ baseline alveolar contours are
examined in the etiologies sub-group (Figure 2; Table
3), the periodontal tooth extraction has the largest re-
sults in pre-op NLA measurements followed by
trauma and caries. This sorting, although not signifi-
cant, shows the consequence of extraction etiology to
the NLA. The detrimental effects of periodontal dis-
ease to the alveolar bone are laid bare by this result.

The difference of NLA within the different eti-
ology groups were significant in their respective
group, however a significant change was not ob-
served between the groups. This shows that the etiol-

ogy may affect the quantity of resorbed bone as stated
by previous studies, however it does not affect the lip
support gained by the dentures.!” This finding may
be counterintuitive, however; given the unequal dis-
tribution of the sample sizes of each etiological
groups, this may be explained. There is a need of fur-
ther studies in order to fully explain the relationship
between the etiological factors of tooth loss and lip
support lost and/or gained.

An unanticipated result came to be when exam-
ining the difference in NLA of a skeletally Class III
patient (Figure 3). This result shows that the NLA
pre-delivery was 69.3° however after the delivery of
the denture, the NLA was read at 73.9°. This increase
in NLA is an exception from the other results, as it is
the only case in which the NLA has increased. This
exceptional result is also a contradictory one due to
the time-held fact that the flanges of a denture in-
crease the lip support. However, in this case the soft
tissue profile may provide a key for this unusual case.
If the upper vermillion line and the profile of the
upper lip is observed, it can be seen that in the pre-
treatment photos, the upper lip is curled anteriorly
due to the missing lip support thus pushing the labi-
alis superioris point superoanteriorly. When the den-
ture is delivered however, the upper lip’s curled state

FIGURE 3: Preoperative and postoperative profile pictures of a patient with and without NLA calculations



reverts to a more straight position with the lip sup-
port gained thus moving the labialis superioris point
inferoposteriorly relative to the pre-treatment state.
This change in the reference point’s location can ex-
plain the increase in NLA. This result proves that the
soft tissues’ changes are not solely dependent on only
one factor, they are the combined result of the re-
sponses of the whole stomatognathic system.

As the dental procedures become more and more
dependent on digital planning, the role of capturing
the facial esthetics while planning a case is a daily
struggle most of the clinicians face. Although it is not
current paradigm, digital complete denture planning
and production is a popular topic among clinicians
and researchers alike. Creating a copy of the patient
in-silico or as Joda&Galluci named in 2015 “the vir-
tual patient” is becoming a standard of the planning
phase of dental treatment, it is inevitable for the den-
tures to be planned and produced using a full digital
workflow in the near future.?® As artificial intelli-
gence models become more advanced, their role in
digital planning is also increasing. Their roles in
restoration planning/designing and treatment simula-
tions are beginning to be used extensively.?! The nu-
merical value of 8 degrees of NLA gained by
complete upper dentures may help the manual or ar-
tificial intelligence based restoration planning as an
average expected value.

The limitations of this study are the lack of
cephalometric analyses and the standardization pro-
cess of the photographs. The photographs can be
standardized with the natural head position as the ala-
tragus line/occlusal plane and horizontal plane rela-
tionships are debated. These results depict the need
for further investigation in order to fully understand
the relationship between the soft tissues and complete
dentures. For a better understanding on the subject,
cephalometric analyses are needed in the upcoming
studies.

I CONCLUSION

Within the limitations of the study, complete den-
tures’ role in lip support has been solidified statisti-
cally. In addition, statistical analyses have shown that
the complete dentures provide a statistically signifi-
cant decrease of approximately 8 degrees in NLA
without the need to consider the patients’ age, gen-
der, edentulism period or etiology of tooth extraction.
According to this information, a clinician may plan
the case with better foresight regarding the lip sup-
port. This numerical value for lip support gained may
also aid in the digital planning procedures.
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