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Objective: The aims of the present study were to evaluate the changes in
the maximum lip-closing force (MLF) after orthodontic treatment with or
without premolar extractions and verify the correlation of these changes
with dentoskeletal changes. Methods: 1n total, 17 women who underwent
nonextraction orthodontic treatment and 15 women who underwent
orthodontic treatment with extraction of all four first premolars were included
in this retrospective study. For all patients, lateral cephalograms and dental
models were measured before (TO) and after (T1) treatment. In addition,
MLF was measured at both time points using the Lip De Cum LDC-110R®
device. Statistical analyses were performed to evaluate changes in clinical
variables and MLF and their correlations. Results: Both groups showed similar
skeletal patterns, although the extraction group showed greater proclination
of the maxillary and mandibular incisors and lip protrusion compared to the
nonextraction group at TO. MLF at TO was comparable between the two groups.
The reduction in the arch width and depth and incisor retroclination from TO
to T1 were more pronounced in the extraction group than in the nonextraction
group. MLF in the extraction group significantly increased during the treatment
period, and this increase was significantly greater than that in the nonextraction
group. The increase in MLF was found to be correlated with the increase in the
interincisal angle and decrease in the intermolar width, arch depth, and incisor-
mandibular plane angle. Conclusions: This study suggests that MLF increases
to a greater extent during extraction orthodontic treatment than during
nonextraction orthodontic treatment.
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INTRODUCTION

The lip-closing function or lip pursing is an essential
initial movement during various functions of the sto-
matognathic system, including food intake, chewing,
swallowing, speech, and facial expressions."” Accord-
ing to the equilibrium theory, the force exerted by the
lips and tongue could be an important component for
stability of the dentition.”® In addition, lip competency
without any strain in the mandibular rest position is
crucial for an attractive facial appearance.’

With regard to the lip force, primarily in the rest posi-
tion, static pressure may have a remarkable impact on
the teeth and jaws.® Tomiyama et al.” reported that the
electromyographic activity of the orbicularis oris muscle
in the clinical rest position was greater in subjects with
incompetent lips than in those with competent lips. In
contrast, other study showed that the electromyographic
activity of the orbicularis oris muscle at rest was similar
in subjects with competent lips and those with incom-
petent Iips.8 However, thus far, there is disagreement
regarding the resting lip force.

The maximum strength of the lips is considered to
reflect the forces from the lips.” Some studies have re-
ported a relationship between the lip-closing force and
malocclusion or the facial morphology. Specifically, the
lip-closing force was found to be weak in patients with
bilateral cleft lip'® or mandibular asymmetry." Moreover,
Doto and Yamada'” found that the lip-closing force was
weaker in patients with skeletal Class 11 malocclusion
than in those with skeletal Class 111 malocclusion. Mean-
while, Takehana et al.” recently reported that the lip-
closing force was correlated with the maxillary dental
arch morphology, particularly the arch length and width,
in patients with Class 1 malocclusion. Because orthodon-
tic treatment changes the dental arch morphology, it
could also alter the lip-closing force.

The lip position and other related features may be
changed by orthodontic or orthopedic treatment. Orth-
odontic extraction in patients with Class 11 division 1
(/1) malocclusion or bialveolar protrusion can help in
relieving the lip protrusion by facilitating retraction of
the maxillary and mandibular incisors, thus resolving the
lip incompetence and improving the facial profile.""
In addition to the enhancement of facial esthetics, an
improvement in the lip-closing force after surgical-orth-
odontic approaches, such as orthognathic surgery'®"
and surgically assisted rapid palatal expansion'® was re-
cently reported. Considering the previous studies, there
have been few studies on the changes in the lip-closing
force after orthodontic treatment and their correlation
with dentofacial and dental arch dimensional changes.

Therefore, the aims of this study were to evaluate the
changes in the maximum lip-closing force (MLF) after
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orthodontic treatment with or without premolar extrac-
tions and verify the correlation of these changes with
skeletal, dental, and soft tissue variables and the dental
arch morphology. The null hypothesis was that there
would be no significant difference in MLF between ex-
traction and nonextraction orthodontic treatment.

MATERIALS AND METHODS

This retrospective cohort study was reviewed and ap-
proved by the Institutional Review Board at Seoul Na-
tional University Bundang Hospital (B-1703-387-101). A
total of 32 consecutive patients were selected from adult
patients who underwent comprehensive orthodontic
treatment performed by an experienced orthodontist at
Seoul National University Bundang Hospital (Seongnam
Korea) between April 2012 and July 2016. Specifically,
women who underwent orthodontic treatment with or
without extraction of the four first premolars for the
resolution of dental crowding and/or protrusion were
considered eligible. Other inclusion criteria were as fol-
lows: a Class 1 or Class 11 (< 1/2 Class 11) molar relation-
ship, absence of a posterior crossbite/scissor bite, and
competent lips (interlabial gap < 3.0 mm). Patients were
excluded if they exhibited a skeletal pattern where ANB
was > 5° or < 0° skeletal asymmetry (menton deviation
> 1 mm), cleft lip/palate, other craniofacial syndromes,
and/or multiple missing teeth.

The enrolled subjects were allocated to two groups.
The extraction group comprised 15 women aged 24.6
+ 5.8 years who underwent extraction of the four first
premolars. The nonextraction group comprised 17
women aged 28.6 + 8.4 years who were treated with-
out extraction. Lateral cephalograms were acquired and
study models were fabricated before (TO) and after (T1)
the treatment. All lateral cephalograms were traced and
analyzed using V-ceph software ver. 6.0 (Osstem, Seoul,
Korea) by an orthodontist (S.-H.K.) to evaluate the den-
toskeletal and soft tissue changes in each subject (Fig-
ure 1). The same investigator evaluated changes in the
dental arch morphology by measuring the study models
using a digital caliper (Mitutoyo Corp., Kawasaki, Japan;
Figure 2).

MLF measurement

At both TO and T1, MLF was measured using the Lip
De Cum LDC-110R® device (Cosmos instruments Co.
LTD, Tokyo, Japan). The lip-closure force indicator with
the lip holder (Ducklings®) was connected to a sensor,
and the measured value was converted to the SI unit for
force (newton, N). All subjects were instructed to sit up-
right, position the lip holder between the lips, and close
their lips with the maximum possible strength, while
avoiding contact between the maxillary and mandibular
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teeth (Figure 3). MLF was measured twice by a single
evaluator, with a 5-minute interval between measure-
ments. Subsequently, the average value was calculated
and analyzed.

Statistical analysis

The sample size was determined according to the
changes in MLF observed in our preliminary study us-
ing PASS 11 (NCSS, Kaysville, UT, USA), with an o level
of 0.05 and a power of 80%. The results revealed that a
minimum of nine patients per group was required.

Depending on the normality of data as determined by
the Shapiro-Wilk test, the paired t-test or the Wilcoxon
signed-rank test was used to analyze changes (T1-T0) in
the cephalometric and dental arch morphology measure-
ments and MLF within each group. The independent t-
test or the Mann-Whitney U test was used to compare
pretreatment variables (T0) and changes (T1-TO0) in
the cephalometric and dental arch variables and MLF
between the two groups. Pearson’s correlation analysis
was used to verify the associations between dentoskel-
etal changes and changes in MLF. All statistical analyses

Por

were performed using 1BM SPSS Statistics ver. 22.0 for
Windows (IBM Corp., Armonk, NY, USA). A p-value for <
0.05 was considered statistically significant.

A high degree of reliability was found for all measure-
ments. The mean intraclass correlation coefficients (95%
confidence interval) for the cephalometric measure-
ments, arch depth, intercanine width, intermolar width,
and MLF were 0.941 (0.781 to 0.999), 0.987 (0.979 to
0.992), 0.997 (0.995 to 0.998), 0.994 (0.989 to 0.996),
and 0.932 (0.890 to 0.958), respectively (p < 0.001 for
all).

RESULTS

As presented in Table 1, the extraction and nonextrac-
tion groups showed no difference in the skeletal pattern
at TO, although there were significant differences in the
dental and soft tissue measurements. The extraction
group exhibited significantly larger values for the angle
between the long axis of the upper central incisor (U1)
and the Frankfort horizontal (FH) plane (U1-FH; 123.43°
vs. 114.18°, distance from Rickett’s E line (EL) to the

o

Figure 1. Landmarks, reference planes, and measurements in cephalometric analyses.

A, Dentoskeletal variables. S, Sella; N, nasion; Por, porion; Or, orbitale; Me, menton; Go, gonion; A, A point; B, B point;
U1, upper central incisor; L1, lower central incisor; SN plane (S-N); FH plane, Frankfort horizontal plane (Or-Por); man-
dibular plane (Go-Me); 1, angle between FH plane and mandibular plane (FMA); 2, S to Go (posterior facial height, PFH); 3,
N to Me (anterior facial height, AFH); 4, angle between the SN plane and N-A line (SNA); 5, angle between the SN plane
and N-B line (SNB); 6, angle between the N-A line and N-B line (ANB); 7, angle between the long axis of U1 and the FH
plane (U1-FH); 8, angle between the long axis of L1 and the mandibular plane (IMPA); 9, angle between the long axis of
U1 and the long axis of L1 (interincisal angle); 10, overbite; 11, overjet. B, Soft tissue variables. Pn, Pronasale; Cm, colu-
mella; Sn, subnasale; Ls, labrale superius; ULP, upper lip point; LLP, lower lip point; Stms, lowest point on the upper lip;
Stmi, highest point on the lower lip; Pog’, soft tissue pogonion; Me', soft tissue menton; 1, Rickett's E line (Pn-Pog'; EL)
to ULP; 2, EL to LLP; 3, Sn to Stms; 4, Stmi to Me'; 5, interlabial gap (distance from Stms to Stmi); 6, nasolabial angle (angle
between the Sn-Cm line and the Sn-Ls line).
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Figure 2. Measurements of the dental arch morphology on study models.

UICW/LICW, Distance between both canine cusp tips in the maxillary/mandibular arch; UIMW/LIMW, distance between
the mesiobuccal cusp tips of both first molars in the maxillary/mandibular arch; UAD/LAD, distance from the contact
point between the central incisors perpendicular to a line connecting the mesial contact points of both first molars in

the maxillary/mandibular arch.

upper lip point (ULP; 1.92 mm vs. —-0.93 mm), distance
from EL to the lower lip point (LLP; 4.09 mm vs. 0.44
mm; p < 0.001 for all comparisons), the incisor-mandib-
ular plane angle (IMPA; 97.19° vs. 91.59°%; p < 0.05), the
lower intercanine width (LICW; 28.69 mm vs. 26.32 mm;
p < 0.05), and the upper arch depth (UAD; 27.01 mm
vs. 24.76 mm; p < 0.01), while it showed smaller values
for the interincisal angle (111.03° vs. 125.84°; p < 0.001)
and nasolabial angle (99.66° vs. 108.75°; p < 0.05).

At T1, the extraction and nonextraction groups
showed no significant differences in any cephalometric
variable except IMPA (85.52° vs. 94.38°, respectively; p
< 0.01), the interincisal angle (134.18° vs. 122.25% p <
0.001), and EL to ULP (0.31 mm vs -1.00 mm; p < 0.05).
Most dental arch-related variables showed significant
differences between groups; these included (extraction
vs. nonextraction) the upper intermolar width (UIMW;
50.24 mm vs. 52.65 mm; p < 0.01), UAD (20.71 mm vs.
25.19 mm; p < 0.001), LICW (28.61 mm vs. 26.11 mm,;
p < 0.01), the lower intermolar width (LIMW; 41.61 mm
vs. 44.63 mm; p < 0.01), and the lower arch depth (LAD;
16.46 mm vs. 21.53 mm; p < 0.001).

From TO to T1, the extraction group exhibited signifi-
cant decreases in U1-FH (-11.46°), IMPA (-11.68°), EL
to LLP (-3.13 mm; p < 0.001 for all), EL to ULP (-1.61
mm; p < 0.01), UMW (-4.01 mm), UAD (-6.29 mm),
LIMW (=5.13 mm), and LAD (-5.71 mm; p < 0.001 for
all). Meanwhile, the interincisal angle (23.15°% p < 0.01),
overbite (1.04 mm; p < 0.01), and nasolabial angle (9.03°;
p < 0.01; Table 2) exhibited increases. The nonextrac-
tion group showed significant increases in IMPA (2.78°)
and LAD (0.79 mm; p < 0.05 for both) and a decrease
in the interincisal angle (-3.59°; p < 0.05; Table 2). The
decreases in U1 to FH, IMPA, EL to LLP, UIMW, LIMW,
LAD (p < 0.001 for all), EL to ULP (p < 0.01), and UAD (p
< 0.01), as well as the increases in the interincisal angle (p
< 0.001), treatment duration (p < 0.001), overbite (p <
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Figure 3. Measurement of the lip-closing force using a lip

holder (Ducklings®) connected to a sensor in the Lip De
Cum LDC-110R® device.

0.05), and nasolabial angle (p < 0.01), were significantly
greater in the extraction group than in the nonextrac-
tion group (Table 2).

The extraction and nonextraction groups showed no
significant difference in MLF at TO (6.35 N vs. 7.92 N;
Table 3). MLF significantly increased from TO to T1 in
the extraction group (3.25 N, p < 0.01), and this in-
crease was significantly greater than that (0.69 N) in the
nonextraction group (p < 0.05; Table 3). The increase
in MLF was correlated with the decreases in IMPA (R =
-0.379), LIMW (R = -0.452), LAD (R= -0.446; p < 0.05
for all), UIMW (R = -0.497; p < 0.01), and UAD (R =
-0.490; p < 0.01) and the increase in the interincisal
angle (R = 0.371; p < 0.05; Table 4).
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Table 1. Baseline age, dentoskeletal and dental arch variables in the extraction and nonextraction groups

Measurement (TO0) Extraction group (n = 15) Nonextraction group (n = 17) p-value
Age (yr) 246+5.8 28.6+84 0.125
Dental Class I/1I 11/4 13/4 NA
Skeletal pattern

FMA (°) 28.35+£6.12 28.39 £5.05 0.983
PFH/AFH (ratio) 62.74 £ 5.01 64.55 + 4.49 0.295
SNA (°) 80.37 £ 3.30 79.26 £ 3.52 0.367
SNB () 77.67 £3.07 76.37 £4.37 0.334
ANB (°) 2.70£2.70 2.89+£2.20 0.828
Dental pattern
Ul to FH (°) 123.43 £5.08 114.18 £ 5.80 < 0.001***
IMPA (°) 97.19  6.52 91.59 + 6.58 0.022*
Interincisal angle (°) 111.03 +5.94 125.84 + 8.00 < 0.001%***
Overbite (mm) 0.70+1.20 1.76 £2.12 0.088
Overjet (mm) 4.05+1.89 4.57 +1.83 0.444
Soft tissue pattern
EL to ULP (mm)' 1.92+1.58 -0.93 +2.09 <0.001%**
EL to LLP (mm)’ 4.09 +2.08 0.44 +1.90 <0.001%**
Sn-Stms (mm) 25.63 £ 2.08 25.17+1.77 0.505
Stmi-Me' (mm) 4791 +3.88 47.07£2.92 0.499
Stmi-Me'/Sn-Stms 1.88 £0.22 1.88+0.17 0.957
Interlabial gap (mm) 0.75+1.41 0.00 + 0.00 0.142
Nasolabial angle (°) 99.66 + 11.37 108.75 +7.28 0.014*
Dental arch morphology
UICW (mm)' 35.26 + 2.50 34.67 £2.31 0.444
UIMW (mm) 54.25+2.15 52.64 £ 2.40 0.061
UAD (mm) 27.01+£1.76 24.76 £+ 2.33 0.006**
LICW (mm)' 28.69 + 2.37 26.32 £3.16 0.010*
LIMW (mm) 46.74+2.76 44.83 £ 3.09 0.082
LAD (mm) 22.18+1.73 20.74 £2.48 0.076

Values are presented as mean + standard deviation or number only.

T0, Before treatment; NA, not applicable.
*p < 0.05, **p < 0.01, ***p < 0.001.

Independent t-tests or 'Mann-Whitney U tests were performed.

See Figures 1 and 2 for definitions of each landmark or measurement.

DISCUSSION

Orthodontic treatment involving premolar extraction is
commonly used for the correction of dentoskeletal mal-
occlusion, which may be accompanied by an imbalance
in the perioral musculature. Orthodontic treatment with
or without extraction causes morphological changes in
the perioral soft tissue, including the lips. Thus, it has
been of great interest to orthodontists from the perspec-
tive of facial esthetics.'*"> However, research on lip func-

124

tion is lacking. A comparison of the lip-closing force
before and after orthodontic treatment may provide
insights into the recovery of stomatognathic functions
and improvement of facial esthetics. Despite these con-
siderations, changes in the lip-closing force after various
orthodontic treatments have rarely been studied. There-
fore, the present study evaluated the changes in MLF
after orthodontic treatment with or without premolar
extractions and determined the relationships between
these changes and hard/soft tissue changes.
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Table 2. Comparison of the treatment time and the amount of changes in the cephalometric and dental arch variables
in each group and between the groups during treatment

Extraction group (n = 15)

Nonextraction group (n = 17)

Measurement (T1-T0) p-value®
Mean + SD p-value' Mean * SD p-value'
Skeletal pattern
AFMA (°) -0.02 +0.60 0.885 0.10 +0.30 0.199 0.49
APFH/AFH (ratio) 0.14 £0.39 0.181 -0.06 +0.33 0.485 0.189'
ASNA (°) -0.24+0.36 0.020* 0.07 +0.13 0.031* 0.005**
ASNB (°) -0.40 + 0.45 0.004** 0.08+0.13 0.018* 0.001**!
AANB (°) 0.15 +0.33 0.099 -0.01+0.17 0.753 0.099
Dental pattern
AU1 to FH (°) -11.46 +5.95 <0.001*** 0.71 +3.82 0.456 <0.001***
AIMPA (°) ~11.68 +4.27 <0.001%* 2.78 £ 4.50 0.021% <0.001%*
Alnterincisal angle (°) 23.15 +8.33 <0.001*** -3.59 + 6.82 0.045* <0.001%**
AOverbite (mm) 1.04 +1.04 0.002** -0.01+1.57 0.972 0.032*
AOverjet (mm) -0.03+1.76 0.952 -0.58 +1.63 0.161 0.365
Soft tissue pattern
AEL to ULP (mm) -1.61+1.62 0.002** -0.07 £0.89 0.959" 0.004**
AEL to LLP (mm) -3.13+1.97 <0.001*** -0.15+0.70 0.492 <0.001***
ASn-Stms (mm) 0.29 +1.08 0.317 0.11+0.37 0.224 0.313'
AStmi-Me' (mm) 0.35+1.55 0.395 0.33+1.27 0.093 0.941'
AStmi-Me'/Sn-Stms -0.01+0.08 0.572 0.01 +0.04 0.517 0.442
Ainterlabial gap (mm) -0.75+1.41 0.00 +0.00 0.202
ANasolabial angle (°) 9.03 +8.41 0.001** -0.61 +2.83 0.389 0.002** !
Dental arch morphology
AUICW (mm) -0.34+2.54 0.622 -0.29 +2.47 0.943" 0.953'
AUIMW (mm) -4.01+1.89 <0.001% 0.02 £2.76 0.297* <0.001%*
AUAD (mm) -6.29 +2.07 0.001*** 0.42 + 1.60 0.201° <0.001%**
ALICW (mm) -0.09 +4.09 0.470" -0.22 +2.61 0.736 0.444/
ALIMW (mm) -5.13+4.31 0.001*** -0.20 +2.63 0.758 <0.001%
ALAD (mm) -5.71+1.48 <0.001%** 0.79 + 1.54 0.015*" <0.001%*
Treatment time (mo) 30.87 + 6.41 NA 18.94 +5.49 NA < 0.001%**

TO, Before treatment; T1, after treatment; SD, standard deviation; NA, not applicable.

*p < 0.05, **p < 0.01, **p < 0.001.

Paired t-test.

*Wilcoxon signed-rank test.

‘Independent t-test.
I Mann-Whitney test.

See Figures 1 and 2 for definitions of each landmark or measurement.

The voluntary MLF is used as a parameter for lip func-
tion evaluation,'” and an available measuring tool that
noninvasively facilitates quantitative assessments has
been reported for this purpose. Thus, MLF has been used
as a functional indicator for the lip or perioral muscles
in studies on the effects of the lips on the craniofacial
structure or studies involving measurement of the lip
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strength after surgical-orthodontic treatment.'*"®*

The lip force can be affected by various factors,
including age, gender, and skeletal and dental pat-
terns;'”'**'"** therefore, we only included women with
Class 1 and mild Class 11 malocclusion in the present
study. At TO, the extraction and nonextraction groups

exhibited no significant differences in the vertical and
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Table 3. Comparison of the baseline and the amount of changes in the MLF in each group, between the groups and in

all groups
Extraction group (n=15) Nonextraction group (n=17) Total (n=32)
MLF (N) group ( e ( p-value’
Mean * SD p-value' Mean * SD p-value' Mean + SD p-value'
TO 6.35+2.54 NA 7.92+2.99 NA 7.18+2.85 NA 0.118
T1-TO 3.25+£3.10 0.001** 0.69 £ 2.63 0.35 1.89£3.10 0.002%* 0.018*

MLE Maximum lip-closing force; N, newton; SD, standard deviation; T0, before treatment; T1, after treatment; T1-T0, change

from TO to T1; NA, not applicable.
*p < 0.05, **p < 0.01.

Paired t-tests were performed to compare differences between T0 and T1 in each group or total subjects.
fIndependent t-test was performed to compare intergroup difference between extraction and nonextraction groups.

sagittal skeletal measurements (Table 1), which indicated
a similar skeletal pattern in the two groups. However,
with regard to the dental and soft tissue patterns and
dental arch morphology, the extraction group exhibited
greater incisor proclination, lip protrusion, UAD, and
LICW than did the nonextraction group (Table 1). While
MLF at TO was lower in the extraction group than in the
nonextraction group (6.35 N vs. 7.92 N), the difference
was not significantly different (Table 3). This result was
consistent with the findings of Ingervall and Janson,”
who reported that the lip strength did not correlate with
the dentoalveolar cephalometric variables in patients
with Class 1 or Class 11 malocclusion. Partal and Aksu®®
also found that the vertical lip pressure did not differ
between subjects with Class 1 malocclusion and those
with Class 11 division 2 (11/2) malocclusion. In contrast,
some studies suggested that the lip strength in individu-
als with Class 11/1 malocclusion was lower than that in
individuals with Class 1 malocclusion.”"”” Posen’ reported
that subjects with bimaxillary protrusion exhibited a low
lip strength while those with Class 11/2 malocclusion
exhibited high lip strength. Jung et al.”® reported that
maxillary incisor proclination was related to the closing
force of the upper lips. These inconsistent results could
be attributed to differences in the area of measurement
and methodology according to the measuring tools used
during voluntary lip closing.

In the present study, the extraction group showed
significantly decreased lip protrusion and incisor retrac-
tion relative to those in the nonextraction group from
TO to T1; this was because of closure of the extraction
space (Table 2). Similar results were reported in previous
studies on facial profile changes after extraction treat-
ment."”” In addition, the decreases in the arch depth
and molar width in both the maxilla and mandible were
more pronounced in the extraction group than in the
nonextraction group. This finding is consistent with
those of Aksu and Kocadereli” and Herzog et al.,”® who
found that the maxillary and mandibular intermolar and
perimeter measurements after treatment involving pre-
molar extraction were decreased relative to those after
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nonextraction treatment in patients with Class 1 maloc-
clusion.

We found that the increase in MLF after treatment
was significantly greater in the extraction group than in
the nonextraction group (Table 3). Moreover, cephalo-
metric variables, namely IMPA and the interincisal angle,
as well as most dental arch-related variables (UMW,
UAD, LICW, LIMW, and LAD) exhibited differences be-
tween the two groups at T1; this was not observed at
TO. We also found significant correlations between the
change in MLF and the changes in UIMW, UAD, LIMW,
LAD, IMPA, and the interincisal angle at T1. These re-
sults imply that the increase in MLF could be associated
with the decrease in not only the incisor inclination but
also the anteroposterior and transverse arch dimensions
in the maxilla and mandible. A decrease in the arch
depth and width after extraction orthodontic treat-
ment might influence the function of the buccinator
and orbicularis oris muscles during lip closure. A previ-
ous cross-sectional study involving untreated patients
with Class 1 malocclusion suggested that the function of
the buccinator and orbicularis oris muscles affects the
arch morphology."> However, it remains unclear whether
a change in form may affect muscle function, or vice
versa.

The present study has some limitations. The tool used
for MLF measurement cannot differentiate the effects of
the upper and lower orbicularis oris muscles. In addition,
the lip-closing force may be associated with the tongue
force,” which was not considered in this study. Con-
sidering that muscles adapt to changed circumstances,
further investigations are needed to evaluate long-term
or time-course changes in the perioral muscle activity or
lip-closing force after different types of orthodontic or
surgical-orthodontic treatments.

CONCLUSION

In conclusion, the null hypothesis for this study was
rejected. The findings suggest that MLF increases to a
greater extent during extraction orthodontic treatment
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Table 4. Correlations between changes in measured dentoskeletal variables and changes in the MLF after extraction or
nonextraction orthodontic treatment

Amount of change in
cephalometric variable

Pearson’s correlation coefficient for change in MLF and
change in cephalometric variable (AT1-T0, n = 32)

(T1-TO)
Mean + SD R p-value
Skeletal pattern
AFMA (°) 0.04 £ 0.45 -0.119 0.518
APFH/AFH (ratio) 0.04 £ 0.37 0.226 0.214
ASNA (°) —-0.08 £0.30 -0.272 0.133
ASNB (°) -0.14 £0.39 -0.303 0.095
AANB (°) 0.06 +0.29 0.139 0.449
Dental pattern
AU to FH (°) -4.99 +7.85 -0.315 0.079
AIMPA (°) -3.99+8.51 -0.379 0.032*
Alnterincisal angle (°) 8.94 +5.47 0.371 0.036*
AOverbite (mm) 0.48 £1.43 0.123 0.502
AOverjet (mm) -0.32 £1.69 0.088 0.632
Soft tissue pattern
AEL to ULP (mm) -0.79+1.48 -0.129 0.482
AEL to LLP (mm) -1.55+2.07 -0.260 0.151
ASn-Stms (mm) 0.20+0.78 0.23 0.206
AStmi-Me' (mm) 0.34+1.38 0.16 0.38
AStmi-Me'/Sn-Stms —0.00 + 0.06 —-0.062 0.735
Ainterlabial gap (mm) 0.193 0.291
ANasolabial angle (°) 3.91+7.75 0.224 0.219
Dental arch morphology
AUICW (mm) -0.32 + 2.46 0.135 0.470
AUIMW (mm) -1.80+3.12 -0.497 0.004**
AUAD (mm) -2.61+3.84 -0.490 0.005**
ALICW (mm) -0.16 +3.29 -0.107 0.567
ALIMW (mm) -2.43+4.24 -0.452 0.011*
ALAD (mm) -2.15+3.61 -0.446 0.012%

Pearson's correlation analysis was performed.

MLE, Maximum lip-closing force; T1, after treatment; TO, before treatment; T1-T0, changes from TO to T1; SD, standard

deviation; R, correlation coefficients.
*p <0.05, **p < 0.01.

See Figures 1 and 2 for definitions of each landmark or measurement.

than during nonextraction orthodontic treatment. This
increase may be correlated with the changes in the max-
illary and mandibular arch depths and intermolar widths
as well as incisor inclination.
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