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Objectives: The aim of this study was to compare the differences in the morphology of the lips according to anteroposte-
rior dentoskeletal patterns and facial divergence.

Materials and Methods: The samples were composed of the frontal facial photographs of 117 adult patients who satisfied 
all the cephalometric measurements for six groups (Class I or II or III and normodivergent or hyperdivergent). The morphol-
ogy of the lips was evaluated on the frontal facial photographs and the measurements were compared between the groups.

Results: In the normodivergent groups, the height-to-width ratio of the lip vermilion was significantly greater in the Class 
II group than in the Class I group, and the labrale superius angle and upper lip convexity of the Class II group was smaller 
than that of the Class I group. In the hyperdivergent groups, the stomion inferius angle of the Class III group was smaller 
than that of the Class II group. Lower facial height and the interlabial gap in the hyperdivergent groups tended to be larger 
than those in the normodivergent groups. The height-to-width ratio of the lip vermilion and the commissure height were 
larger in the hyperdivergent groups than in the normodivergent groups. However, the upper lip height and philtrum height 
did not differ between the hyperdivergent and normodivergent groups.

Conclusion: The morphological characteristics of the lip vermilions on the frontal view differed according to the sagittal 
dentoskeletal relationship and facial divergence.
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Ⅰ. INTRODUCTION

The lip vermilion is defined as the keratinized in-
traoral mucosa of the lip that can be distinguishable 
by its red color and distinctive form in the lower fa-
cial area. The shape of the lip vermilion is known to 
be affected by various factors such as growth, ag-
ing1), ethnic differences2), thickness or tone of the 
soft tissue, and the dentoskeletal relationship3~9). The 
height of the lip vermilion is reported to increase 
during the pubertal growth period and decrease 
with aging10). Orthodontic treatment affects the es-
thetics of the lower face including the lips as well as 
the occlusion. Because the lips are the component 
most affected by orthodontic treatment11), ortho-
dontists have been interested in the ideal relation-
ship of the lips among the facial components12,13), 
and the shape of the lips from various views4,6~9,14).

Many earlier studies reported the effect of the an-
teroposterior dentoskeletal patterns3,4,8) and facial 
divergence5,15) on the morphology or position of the 
lips. The anteroposterior position of the lips was 
closely related to the underlying incisors and antero-
posterior skeletal discrepancies3). Compared to a 
short facial pattern, subjects with long faces showed 
thicker and longer lips and the lips were more pro-
trusive and incompetent as the facial divergence in-
creased15). However, most of these studies estimated 
the characteristics of the lips in the sagittal view, 
even though people are more familiar with their 
face from the frontal view than the lateral profile16). 
Lucker12) and Proffit et al.13) proposed the ideal facial 
proportions on the frontal view. Arnett et al.17) and 

Ackerman et al.18) also emphasized the importance 
of frontal aesthetics in orthodontics. 

Quantitative and qualitative analyses of the over-
all facial proportion and shape of the lip vermilion 
have been performed6~9,14). Islam et al.6,7) investigated 
the differences in the frontal shape of the lip vermil-
ion among subjects with normal occlusion, Class II 
malocclusion, and Class III malocclusion. Trisnawaty 
et al.9) also reported that the frontal shape of the lip 
vermilion in patients with bi-alveolar protrusion dif-
fered from that of subjects with normal occlusion or 
orthodontic treatment experiences. Some research-
ers analyzed the morphology of the lips and overall 
facial soft tissue using three-dimensional (3D) mea-
surement tools14,19). However, these previous studies 
did not consider vertical facial divergence, which 
may be associated with the shape of the lips in the 
frontal view. Therefore, the purpose of this study 
was to compare the frontal shape of the lip vermil-
ion in Korean adult female among three different 
anteroposterior dentoskeletal patterns considering 
facial divergence. 

Ⅱ. MATERIALS AND METHODS

The sample in this retrospective study consisted 
of frontal facial photographs taken for the purpose 
of orthodontic diagnosis between January 2011 and 
December 2016 at the Department of Orthodontics, 
Gangneung-Wonju National University Dental Hos-
pital. The inclusion criteria were (1) Korean adult 
female patients aged 16–40 years with (2) available 
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frontal facial photos and lateral cephalograms be-
fore treatment. The subjects who satisfied the fol-
lowing cephalometric and dentoalveolar criteria 
were enrolled into six groups based on their an-
teroposterior and vertical skeletal relationships. The 
anteroposterior patterns were classified as Class I 
(0° ≤ ANB ≤ 5°, 0 mm ≤ overjet ≤ 5 mm), Class 
II (ANB > 5°, overjet > 5 mm), or Class III (ANB < 0°, 
overjet < 0 mm) groups, and the vertical patterns 
were classified into normodivergent (27° ≤ SN-MP 
angle < 37°) or hyperdivergent (SN-MP angle ≥ 37°) 
groups. The exclusion criteria were bi-alveolar pro-
trusion (U1 to A-Pog > 10 mm, L1 to A-Pog > 6 mm), 
previous orthodontic treatment, facial deformities, 
syndromes, trauma history, facial esthetic surgery, 
anterior missing teeth, facial asymmetry (menton 
deviation ≥ 2 mm), and thick make-up. 

The frontal facial photographs were taken in a re-
laxed seated posture and the camera lens was po-
sitioned vertically at the level of the subject’s eyes. 
The subjects were instructed to stare at the camera 
lens with a slight contact of their teeth and relaxed 
lips without lip strain. Photographs in which the 
subject was suspected of having lip strain were also 
excluded from the study. A total of 117 frontal fa-
cial photographs were collected, and their charac-
teristics are summarized in Table 1. This study was 
reviewed and approved by the Ethics Committee of 
Gangneung-Wonju National University Dental Hos-
pital (IRB 2019-002).

The frontal facial images were reoriented with the 
interpupillary line as the X-axis and a line perpen-
dicular to the X-axis through the subnasale as the 

Y-axis. The distance between the outermost borders 
of the irises was set to 100%. The images were ana-
lyzed using measuring software (AutoCad LT 2019, 
San Rafael, CA, USA). Right vertical line (RVL) and 
left vertical line (LVL) which is bisecting the median 
vertical line (MVL) and cheilion were drawn. Sub-
nasale, soft tissue menton, and the points on the 
borderlines of the upper and lower lip vermilions 
passing through the MVL, RVL, and LVL were deter-
mined as landmarks (Table 2, Fig. 1). Thirteen linear 
and seven angular measurements were measured, 
and six ratio values were calculated (Table 3, Fig. 1). 
The mean of the bilateral measurements was used 
for statistical analysis. 

1. Method errors

Twenty out of 117 frontal facial photographs were 
arbitrarily selected, and measurements were re-
peated by one examiner at a 2-week interval. The 
method error was calculated using Dahlberg’s for-
mula and ranged from 0.10 to 0.38% for the linear 
measurements, and 0.57 to 2.54° for the angular 
measurements. 

2. Statistical analysis

The Shapiro-Wilk test showed that several mea-
surements were not normally distributed. Therefore, 
nonparametric tests were performed. The Kruskal-
Wallis test was performed to evaluate the differences 
in measurements among the Class I, Class II, and 
Class III groups. The Mann-Whitney U test with Bon-
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Figure 1. ‌�A, Thirteen linear measuring variables. B, Seven angular measuring variables. Sn, subnasale; Ls, labrale 
superius; Li, labrale inferius; Stms, stomion superius; Stmi, stomion inferius; Me, soft tissue menton; RCh, 
right cheilion; LCh, left cheilion; RCbp, right cupid bow point; LCbp, left cupid bow point; RSUL, right superior 
point upper lip; RIUL, right inferior upper lip point; RSLL, right superior lower lip point; RILL, right inferior lower 
lip point; LSUL, left superior point; LIUL, left inferior upper lip point; LSLL, left superior lower lip point; LILL, 
left inferior lower lip point.

Table 1. Mean and standard deviation of ages and cephalometric measurements in each group

Group N Age (yr) ANB (°) Overjet (mm) SN-MP (°)
Class I normodivergent 26 24.8±7.1 2.4±1.6 3.5±1.0 32.0±2.8
Class II normodivergent 13 22.8±7.8 6.4±1.4 6.9±1.7 32.8±3.3
Class III normodivergent 13 21.2±6.2 -2.9±2.2 -1.7±1.3 34.2±1.6
Class I hyperdivergent 27 23.3±6.2 2.3±1.4 3.1±1.3 41.8±4.5
Class II hyperdivergent 26 22.1±5.2 7.9±2.0 7.7±3.1 45.0±5.8
Class III hyperdivergent 12 20.0±5.2 -1.8±1.1 -1.9±1.4 40.2±3.8

Mean ± SD
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Table 2. Landmark definitions

Landmark (abbreviation) Definition

Subnasale (Sn) The midpoint between the tip of the nose and the philtrum

Labrale superius (Ls) The intersecting point between the median vertical line and the superior borderline of 
the upper lip vermilion

Labrale inferius (Li) The intersecting point between the median vertical line and the inferior borderline of the 
lower lip vermilion

Stomion superius (Stms) The intersecting point between the median vertical line and the inferior borderline of the 
upper lip vermilion

Stomion inferius (Stmi) The intersecting point between the median vertical line and the superior borderline of 
the lower lip vermilion

Soft tissue menton (Me) The intersecting point between the median vertical line and the inferior borderline of the 
soft tissue chin

Cheilion (Ch, bilateral) The point located at each corner of the lip (RCh, LCh)

Cupid bow point (Cbp, bilateral) The highest points of the philtrum on the superior borderline of the upper lip vermilion 
(RCbp, LCbp)

Right superior point upper lip (RSUL) The intersecting point between the right vertical line and the superior borderline of the 
upper lip vermilion

Right inferior point upper lip (RIUL) The intersecting point between the right vertical line and the inferior borderline of the 
upper lip vermilion

Right superior point lower lip (RSLL) The Intersecting point between the right vertical line and the superior borderline of the 
lower lip vermilion

Right inferior point lower lip (RILL) The Intersecting point between the right vertical line and the inferior borderline of the 
lower lip vermilion

Left superior point upper lip (LSUL) The intersecting point between the left vertical line and the superior borderline of the 
upper lip vermilion

Left inferior point upper lip (LIUL) The intersecting point between the left vertical line and the inferior borderline of the 
upper lip vermilion

Left superior point lower lip (LSLL) The intersecting point between the left vertical line and the superior borderline of the 
lower lip vermilion

Left inferior point lower lip (LILL) The intersecting point between the left vertical line and the inferior borderline of the 
lower lip vermilion
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Table 3. Definitions of linear, angular measurements, and ratio values

Measurement (abbreviation) Definition

Linear measurement

Upper lip height (ULH) Distance between Sn and Stms

Lower lip height (LLH) Distance between Stmi and Me

Lower facial height (LFH) Distance between Sn and Me

Upper lip vermilion height (ULVH) Distance between Ls and Stms

Lower lip vermilion height (LLVH) Distance between Stmi and Li

Interlabial gap (IG) Distance between Stms and Stmi

Total lip vermilion height (TLVH) Distance between Ls and Li

Philtrum height (PH) Distance between Sn and Ls

Philtrum width (PW) Distance between RCbp and LCbp

Commissure height (CH)  Difference in Y-coordinate between Sn and Ch (mean)

Upper lateral lip vermilion height (ULLVH) (Distance between RSUL and RIUL + Distance between LSUL and LIUL)/2 

Lower lateral lip vermilion height (LLLVH) (Distance between RIUL and RILL + Distance between LIUL and LILL)/2

Lip width (LW) Distance between RCh and LCh

Angular measurement

Labrale superius angle (LSA) Angle (Rch, Ls, LCh)

Labrale inferius angle (LIA) Angle (RCh, Li, LCh)

Stomion superius angle (SSA) Angle (RCh, Stms, LCh)

Stomion inferius angle (SIA) Angle (RCh, Stmi, LCh)

Upper lip convexity (ULC) {Angle (RCh, RSUL, RCbp) + Angle (LCh, LSUL, LCbp)}/2 

Lower lip convexity (LLC) {Angle (RCh, RILL, Ls) + Angle (LCh, LILL, Ls)}/2

Cupid bow angle (CBA) {Angle (RSUL, RCbp, Sn) + Angle (LSUL, LCbp, Sn)}/2  

Ratio value

Lip height ratio (LHR)                                       Upper lip height (ULH) / Lower lip height (LLH)

Lip vermilion height ratio (LVHR)                          Upper lip vermilion height (ULVH) / Lower lip vermilion height (LLVH)

Vermilion height to width ratio (VHWR)                              Total lip vermilion height (TLVH) / Lip width (LW)

Upper lip fullness index (ULFI)                            Upper lateral lip vermilion height (ULLVH) / Upper lip vermilion height (ULVH)

Lower lip fullness index (LLFI)                              Lower lateral lip vermilion height (LLLVH) / Lower lip vermilion height (LLVH)

　 Degree of lip Incompetence (DLI)                     Interlabial gap (IG) / Total lip vermilion height (TLVH)
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ferroni’s correction (P < 0.016) was used to evaluate 
any differences between two groups. The differenc-
es between the normodivergent and hyperdivergent 
groups were estimated by the Mann-Whitney U test. 
All statistical analyses were performed using SPSS 
software version 25.0 (PASW Statistics 25.0, IBM Co., 
Armonk, NY, USA). 

Ⅲ. RESULTS

1. ‌�Comparison among Class I, Class II, and Class III 
normodivergent groups (Table 4, Fig. 2) 

Upper lip height (ULH) did not significantly dif-
fer between three groups. However, lower lip height 
(LLH) was greater in the Class III group (62.9) than in 
Class I (59.1) and II group (57.0). Therefore, the lip 
height ratio (LHR) was smaller in the Class III group 
(0.464) than in the Class II group (0.528). 

With regard to lip vermilion, upper lip vermilion 
height (ULVH), lower lip vermilion height (LLVH), 
and interlabial gap (IG) was not different between 
three groups. However, total lip vermilion height 
(TLVH) was the greatest in the Class II group (28.3), 
and vermilion height-to-width ratio (VHWR) also 
showed greater value in the Class II group (0.460), 
because lip width (LW) was not different between 
groups. Philtrum height (PH), philtrum width (PW), 
and commissure height (CH) was not different be-
tween three groups. 

In the shape of lip vermilion, lower lateral lip ver-
milion height (LLLVH) was greater in the Class II 

group, however lower lip fullness index (LLFI) was 
greater in the Class III group. The labrale superius 
angle (LSA) and upper lip convexity (ULC) were 
smaller in the Class II group (129.3  ̊and 162.8 )̊ 
than in the Class I group (139.4  ̊and 168.7 ,̊ re-
spectively).

2. ‌�Comparison among Class I, Class II, and Class III 
hyperdivergent groups (Table 5)

As in the nomodivergent groups, ULH showed no 
significant difference between three hyperdivergent 
groups, but LLH was greater in the Class III group 
(66.8) than in the Class II group (58.8). Therefore, 
LHR was smaller in the Class III group (0.457) than 
in the Class II group (0.523).

With regard to lip vermilion, ULVH was not dif-
ferent between three groups. However, LLVH, TLVH, 
and VHWR were greater in the Class II group (16.6, 
32.8, and 0.538) than in the Class I group (14.5, 28.0, 
and 0.490, respectively). The IG and degree of lip in-
competence (DLI) were greater in the Class II group 
than in Class I and Class III groups. 

In the shape of lip vermilion, lower lateral lip 
vermilion height (LLLVH) was greater in the Class 
II group, however upper and lower lip fullness in-
dex was not different between groups. Unlike no-
modivergent groups, LSA was not different between 
groups, whereas labrale inferius angle (LIA) was 
smaller in the Class II group (123.8 )̊ than in the 
Class I group (132.9 )̊.
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Table 4. Comparison of measurements between Class I, Class II, and Class III normodivergent groups

Measurement Class I Class II Class III 　 　 　 　 　 　 　 　
　 　 Mean SD Mean SD Mean SD I vs II vs III  I vs II I vs III II vs III
Linear measurementa

ULH (%) 29.6 2.6 30.0 2.1 29.0 2.7 .722 .612 .721 .397 
LLH (%) 59.1 3.4 57.0 3.4 62.9 3.6 .001 ** .136 .003 † .001 †
LFH (%) 88.9 4.6 87.9 4.4 92.6 3.3 .013 * .592 .011 † .008 †
ULVH (%) 10.5 1.6 12.0 2.1 10.4 1.6 .066 .032 .823 .051 
LLVH (%) 14.2 2.2 15.4 1.3 12.7 3.0 .036 * .065 .118 .031 
IG (%) 0.3 1.3 1.0 2.0 0.6 1.6 .160 .079 .079 .917 
TLVH (%) 24.9 3.2 28.3 3.2 23.7 4.4 .006 ** .005 † .239 .010 †
PH (%) 19.1 2.6 18.0 4.7 18.7 3.2 .398 .170 .644 .473 
PW (%) 16.4 1.3 16.0 1.3 15.5 1.1 .108 .318 .037 .369 
CH (%) 30.8 2.6 32.7 2.8 31.6 2.3 .098 .032 .379 .281 
ULLVH (%) 9.4 1.7 10.7 1.3 8.9 2.0 .043 * .033 .602 .022 
LLLVH (%) 11.6 2.0 13.3 1.4 11.2 2.5 .019 * .010 † .387 .027 
LW (%) 62.9 4.3 61.8 4.2 60.3 3.3 .267 .484 .118 .356 

Angular measurement
LSA (°) 139.4 11.3 129.3 10.0 133.7 9.1 .014 * .006 † .129 .144 
LIA (°) 134.3 5.7 132.6 6.5 140.9 11.0 .104 .396 .065 .086 
SSA (°) 184.4 8.6 191.1 8.3 190.4 9.5 .029 * .030 .033 .555 
SIA (°) 176.6 6.6 172.3 7.8 172.7 4.4 .130 .157 .065 .878 
ULC (°) 168.7 6.7 162.8 4.4 169.3 7.0 .005 ** .002 † .582 .017 
LLC (°) 155.0 5.4 152.2 4.4 151.8 6.8 .175 .129 .132 .719 
CBA (°) 146.4 6.6 147.1 6.3 143.6 4.3 .380 .732 .264 .182 

Ratio value
LHR 0.502 0.045 0.528 0.043 0.464 0.058 .010 * .089 .049 .004 †
LVHR 0.752 0.151 0.776 0.100 0.844 0.159 .355 .688 .166 .317 
VHWR 0.398 0.066 0.460 0.060 0.395 0.085 .014 * .004 † .777 .029 
ULFI 0.902 0.116 0.914 0.122 0.853 0.121 .328 .929 .153 .249 
LLFI 0.817 0.071 0.867 0.082 0.889 0.093 .021 * .057 .013 † .343 

　 DLI 0.008 0.040 0.032 0.065 0.023 0.057 .161 　 .079 　 .079 　 .972 　

SD indicates standard deviation.
aLinear unit is a proportional value when the distance between the bilateral outermost borders of the iris is set to 100%.
*P<0.05; **P<0.01, using the Kruskal-Wallis test.
†P<0.016, using the Mann-Whitney U-test with Bonferroni’s correction.
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Figure 2. Comparison of lip morphology between the Class I, Class II, and Class III normodivergent groups.

Table 5. Comparison of measurements between Class I, Class II, and Class III hyperdivergent groups

Measurement Class I 　 Class II 　 Class III 　 　 　 　 　 　 　
　 　 Mean SD 　 Mean SD 　 Mean SD I vs II vs III  I vs II I vs III II vs III
Linear measurementa 　 　 　 　 　 　 　

ULH (%) 30.3 3.1 30.6 2.9 30.5 2.5 .987 .887 .915 .925 
LLH (%) 62.0 5.5 58.8 5.1 66.8 5.0 .001 ** .065 .021 .000 †
LFH (%) 94.5 7.7 93.9 6.6 98.6 7.1 .148 .817 .110 .052 
ULVH (%) 11.3 1.8 11.8 2.1 13.0 2.2 .082 .332 .031 .124 
LLVH (%) 14.5 1.7 16.6 2.1 15.1 2.4 .000 ** .000 † .377 .113 
IG (%) 2.2 3.6 4.5 3.8 1.3 3.2 .003 ** .009 † .319 .005 †
TLVH (%) 28.0 4.3 32.8 5.0 29.3 6.3 .001 ** .000 † .670 .043 
PH (%) 17.7 3.4 18.9 2.8 17.5 2.8 .266 .943 .161 .116 
PW (%) 15.3 1.8 15.5 1.2 15.5 1.5 .744 .476 .594 .887 
CH (%) 33.8 2.9 35.3 3.1 34.1 2.7 .262 .115 .808 .307 
ULLVH (%) 10.7 2.0 11.1 2.1 11.3 2.3 .541 .286 .484 .962 
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Measurement Class I 　 Class II 　 Class III 　 　 　 　 　 　 　
　 　 Mean SD 　 Mean SD 　 Mean SD I vs II vs III  I vs II I vs III II vs III

LLLVH (%) 12.5 1.8 14.4 1.8 12.9 2.5 .005 ** .001 † .772 .109 
LW (%) 60.4 4.4 61.1 3.7 62.4 3.9 .395 .817 .161 .300 

Angular measurement
LSA (°) 127.7 12.3 123.9 10.3 123.8 9.7 .403 .206 .361 .912 
LIA (°) 132.9 9.5 123.8 8.2 135.6 10.3 .000 ** .001 † .456 .002 †
SSA (°) 193.8 12.1 196.6 11.2 193.3 7.2 .415 .240 .964 .300 
SIA (°) 174.7 8.8 178.8 8.5 171.0 6.9 .024 * .104 .176 .008 †
ULC (°) 163.8 7.1 162.6 6.5 165.0 7.1 .603 .355 .915 .470 
LLC (°) 149.9 7.3 148.1 6.1 151.2 8.7 .435 .310 .819 .245 
CBA (°) 144.7 10.2 144.5 6.2 140.6 9.4 .484 .810 .394 .198 

Ratio value
LHR 0.490 0.048 0.523 0.051 0.457 0.028 .001 ** .010 † .048 .001 †
LVHR 0.782 0.119 0.715 0.121 0.871 0.127 .006 ** .057 .068 .003 †
VHWR 0.466 0.084 0.538 0.080 0.469 0.089 .005 ** .002 † .927 .026 
ULFI 0.949 0.139 0.948 0.144 0.871 0.113 .192 .545 .191 .069 
LLFI 0.862 0.060 0.872 0.080 0.859 0.095 .897 .873 .626 .765 

　 DLI 0.066 0.107 　 0.128 0.103 　 0.031 0.076 .003 ** .013 † .283 .002 †

SD indicates standard deviation.
aLinear unit is a proportional value when the distance between the bilateral outermost borders of the iris is set to 100%.
*P<0.05; **P<0.01, using the Kruskal-Wallis test.
†P<0.016, using the Mann-Whitney U-test with Bonferroni’s correction.

3. ‌�Comparison between normodivergent and hy-
perdivergent groups (Table 6)

ULH did not differ between the normodivergent 
and hyperdivergent groups, while LLH was greater 
in Class I and Class III hyperdivergent groups than 
nomodivergent groups. Lower facial height (LFH) 
was greater in all hyperdivergent groups than the 
normodivergent groups. 

In the lip vermilion, no significant difference was 
found in ULVH between the normodivergent and 

hyperdivergent groups. However, Class I and Class 
II hyperdivergent groups showed greater IG than 
the nomodivergent groups, and all hyperdivergent 
groups showed greater TLVH than the nomodiver-
gent groups. CH was significantly larger in all hyper-
divergent groups than nomodivergent groups. 

In the angular measurements of the lip vermilion, 
Class I groups showed differences in both upper 
(LSA, SSA, and ULC) and lower lip vermilion vari-
ables (LLC) between the normodivergent and hyper-
divergent groups. Class II groups showed differences 
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Table 6. Comparison of measurements between the normodivergent and hyperdivergent groups

Measurement Class I 　 Class II 　 Class III
　 　 U value P-value 　 U value P-value 　 U value P-value
Linear measurementa

ULH (%) 295.0 .319 156.5 .709 56.0 .231 
LLH (%) 235.5 .040 * 134.0 .297 38.0 .030 *
LFH (%) 199.5 .007 ** 75.5 .005 ** 26.0 .005 **
ULVH (%) 260.0 .105 153.5 .644 27.5 .006 **
LLVH (%) 297.5 .341 86.5 .014 * 42.5 .053 
IG (%) 247.0 .007 ** 70.0 .002 ** 75.0 .815 
TLVH (%) 190.5 .004 ** 66.5 .002 ** 34.0 .017 *
PH (%) 320.0 .581 131.5 .264 58.5 .288 
PW (%) 204.5 .009 ** 136.5 .332 75.0 .870 
CH (%) 145.5 .000 ** 95.0 .027 * 39.0 .034 *
ULLVH (%) 226.5 .027 * 134.5 .304 35.0 .019 *
LLLVH (%) 261.5 .111 105.0 .057 46.0 .082 
LW (%) 254.5 .086 143.0 .438 56.5 .242 

Angular measurement
LSA (°) 154.0 .000 ** 122.0 .161 35.5 .021 **
LIA (°) 314.0 .510 68.0 .003 ** 55.5 .221 
SSA (°) 178.5 .002 ** 117.5 .125 50.0 .128 
SIA (°) 301.5 .378 104.5 .055 54.0 .192 
ULC (°) 227.0 .027 * 160.0 .789 51.0 .142 
LLC (°) 214.0 .015 * 96.0 .030 * 75.0 .870 
CBA (°) 317.0 .545 138.5 .363 60.5 .341 

Ratio value
LHR 292.0 .294 164.0 .882 74.0 .828 
LVHR 311.0 .477 118.0 .129 69.0 .624 
VHWR 170.0 .001 ** 71.0 .004 ** 42.0 .050 
ULFI 285.0 .240 139.0 .371 71.0 .703 
LLFI 217.0 .017 * 157.0 .721 69.0 .624 

　 DLI 247.0 .007 ** 　 75.0 .004 ** 　 75.0 .815 　

aLinear unit is a proportional value when the distance between the bilateral outermost borders of the iris is set to 100%.
*P<0.05; **P<0.01, using the Mann-Whitney U-test.
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only in the lower lip vermilion variables (LIA and 
LLC), while Class III groups showed in the upper lip 
vermilion variables (LSA).

Figure 3 shows the shapes of the lip vermilions 
between the Class I normodivergent group and the 
hyperdivergent group. 

Ⅳ. DISCUSSION

Many researchers have studied the frontal aes-
thetics of lip vermilions20,21). The lip vermilion in the 
frontal view can be analyzed efficiently using high-
quality digital photographs, and these can provide 
an intuitive understanding of the frontal shape of 
the lips6,7,9). Also, the photometric analysis is non-in-
vasive, and its measurement errors were shown to be 
sufficiently reliable. To reduce confounding factors, 
only adult female Korean subjects were included in 
the present study. Trinaswaty et al.9) reported signifi-
cant differences in the height of the lip vermilions 
between normal occlusion subjects and bi-alveolar 
protrusion patients. Therefore, the present study ex-
cluded bi-alveolar protrusions in the Class I group, 
which served as the control group. 

1. ‌�Differences in the morphology of lip vermilions 
according to sagittal dentoskeletal patterns

In the comparison of the normodivergent Class I, 
Class II, and Class III groups (Table 4), LLH and LFH 
were significantly greater in the Class III group than 
in Class I and Class II groups. These findings seem 

to be because the most prominent feature of skeletal 
Class III malocclusion is mandibular prognathism22). 
There were also significant differences in the lip ver-
milion morphology among the three groups. The lip 
vermilions in the Class II group were thick in the 
middle and had more triangular shapes than those 
in the Class I group (Fig. 4A). This result is consis-
tent with several reports that the upper lips of Class 
II patients were shorter and more hypotonic than 
those of Class I patients because of maxillary incisor 
protrusion23). In contrast, the lower lip vermilions of 
the Class III subjects were thick in the bilateral area 
with greater LLFIs than those of the Class I group 
(Fig. 4B). These differences in lower lip morphol-
ogy may be related to the anterior crossbite or great 
intercanine width of Class III malocclusion24). Islam 
et al.6) reported that the area of the lower vermilion 
was larger in Class II than in Class I. In the present 
study, the LLVH in the Class II hyperdivergent group 
was larger than that of the Class I hyperdivergent 
group, although it was not statistically significant 
between the nomodivergent groups. 

In the comparison between the Class I, Class II, 
and Class III hyperdivergent groups, LLH was greater 
in the Class III group than in Class I and II groups, 
which was also seen in the results of the normodi-
vergent groups. Morphological characteristics of the 
lip vermilion also differed between the three hyper-
divergent groups. The SIA was statistically smaller 
in the Class III group, indicating a higher stomion 
inferius and reverse shape of the lower lip in Class 
III hyperdivergent subjects (Fig. 4C). Tanikawa et al.8) 
suggested that when both lips are in contact and the 
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Figure 3. Comparison of lip morphology between the Class I normodivergent and hyperdivergent groups.

Figure 4. ‌�A, Triangular shape of the upper lip vermilion in the Class II normodivergent group with lower labrale 
superius angle (a) and upper lip convexity (b) than the Class I normodivergent group. B, Lower lip 
vermilion was thick in the lateral 1/4 area in Class III normodivergent group. C, Reverse lower lip 
in the Class III hyperdivergent group; a: stomion inferius angle. D, Severe lip incompetence in the 
Class II hyperdivergent group.
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upper lip is more forward than the lower lip, the 
height of the lower lip appears shorter because the 
pressure of the upper lip is applied vertically and 
vice versa. It could be conjectured that the lower lip 
vermilion, which has a forward position in the Class 
III hyperdivergent group is less influenced by vertical 
pressure from the upper lip. Lip incompetence was 
more severe in Class II with greater IG and DLI than 
the Class I and Class III hyperdivergent groups (Fig. 
4D). Our results are consistent with the suggestion 
of Van der Linden25) that the lips of Class II patients 
were more incompetent than those of patients with 
other malocclusions. Satimary et al.26) also reported 
that the lip incompetence group showed a more 
Class II skeletal relationship and a more posteri-
orly positioned pogonion. The LIA was significantly 
smaller in the Class II group, indicating that the 
Class II subjects may have a more triangular-shaped 
lower lip vermilion. This characteristic shape of the 
lower lip may relate to the direct contact of the low-
er lip with the upper incisors, which was found in 
Class II patients with a large anterior overjet25).

2. ‌�Differences in lip vermilion morphology according 
to facial divergence

In the comparison between the normodiver-
gent and hyperdivergent groups, the hyperdiver-
gent groups showed larger LFH and more severe 
lip incompetence than the normodivergent group, 
as expected. The hyperdivergent group tended to 
show larger TLVH and VHWR, indicating a vertically 
thick and horizontally narrow lip vermilion than 

the normodivergent group. This may be related to 
the greater facial height and interlabial gap in hy-
perdivergent patients. Interestingly, the commissure 
was positioned lower in the hyperdivergent than the 
normodivergent groups, but philtrum height was 
not different between the groups. These results in-
dicate that if the facial patterns of the patients are 
more hyperdivergent, the upper lip may appear to 
be relatively shorter and show a more reverse lip 
line at rest than the normodivergent subjects. The 
tension of the soft tissue including muscles near the 
commissures of the lower lip attached to the man-
dible is thought to be related to the reverse shape of 
the lips at rest27). 

Our results showed that both anteroposterior 
dentoskeletal patterns and facial divergence signifi-
cantly affected the morphology of the lip vermilion 
in the frontal view. When orthodontic treatment is 
performed to change significant dentoskeletal fea-
tures, our results could be helpful in predicting the 
frontal shape of the lip vermilion after treatment. 
Changes in the anterior occlusion and anteropos-
terior skeletal relationship can affect lip height and 
the interlabial gap because the lips are in direct 
contact with the labial part of the anterior teeth. 
Several researchers have suggested that the phil-
trum height should be roughly equal to the height of 
the commissure, and a short upper lip relative to the 
commissure height should be considered carefully10). 
If the lower facial height is increased by orthodon-
tic treatment, the interlabial gap and reverse lip line 
can be worsened and vice versa. Therefore, facial 
divergence should also be taken into account in the 
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analysis of the patient's frontal face. And the goal of 
orthodontic treatment should be established to har-
monize hard tissues and soft tissues as well.

Ⅴ. CONCLUSIONS

• ‌�This study compared the differences in the shape 
of the lip vermilion by dividing the Korean fe-
male subjects into anteroposterior skeletal pat-
tern and vertical pattern groups.

• ‌�Class III group showed greater lower lip height 
than those of Class I and Class II groups. How-

ever, Class II group showed larger lip vermilion 
height and more triangular shape than other 
groups. 

• ‌�Compared to the normodivergent groups, the 
hyperdivergent groups showed greater lower 
facial height and commissure height. Greater 
interlabial gap and/or thicker lip vermilion in-
creased lip vermilion height in the hyperdiver-
gent groups.

• ‌�The lip morphology differed according to the 
sagittal dentoskeletal relationship and facial di-
vergence.

1. ‌�Sforza C, Grandi G, Binelli M, Dolci C, De Menezes M, Ferrario 
VF. Age- and sex-related changes in three-dimensional lip 
morphology. Forensic Sci Int 2010;200:182 e1-7. https://doi.
org/10.1016/j.forsciint.2010.04.050.

2. ‌�Hwang HS, Kim WS, McNamara JA, Jr. Ethnic differences 
in the soft tissue profile of Korean and European-American 
adults with normal occlusions and well-balanced faces. An-
gle Orthod 2002;72:72-80. https://doi.org/10.1043/0003-
3219(2002)072<0072:EDITST>2.0.CO;2.

3. ‌�Subtelny JD. A longitudinal study of soft tissue facial structures 
and their profile characteristics defined in relation to underlying 
skeletal structure. Am J Orthod 1959;45:481-507. https://doi.
org/10.1016/0002-9416(59)90014-4.

4. ‌�Ricketts RM. A foundation for cephalometric communication. 
Am J Orthod 1960;46:330-357. https://doi.org/10.1016/0002-
9416(60)90047-6.

5. ‌�Burstone CJ. Lip posture and its significance in treat-
ment planning. Am J Orthod 1967;53:262-284. https://doi.
org/10.1016/0002-9416(67)90022-X.

6. ‌�Islam R, Kitahara T, Naher L, Hara A, Nakasima A. Lip mor-
phological changes in orthodontic treatment. Class II division 1: 
malocclusion and normal occlusion at rest and on smiling. Angle 
Orthod 2009;79:256-264. https://doi.org/10.2319/030308-
125.1.

7. ‌�Islam R, Kitahara T, Naher L, Hara A, Nakata S. Lip morphol-
ogy changes following orthognathic surgery for Class III 
malocclusion. Angle Orthod 2010;80:344-353. https://doi.
org/10.2319/031209-143.1.

8. ‌�Tanikawa C, Nakamura K, Yagi M, Takada K. Lip vermilion pro-
file patterns and corresponding dentoskeletal forms in fe-
male adults. Angle Orthod 2009;79:849-858. https://doi.
org/10.2319/103008-552.1.

9. ‌�Trisnawaty N, Ioi H, Kitahara T, Suzuki A, Takahashi I. Effects of 
extraction of four premolars on vermilion height and lip area in 
patients with bimaxillary protrusion. Eur J Orthod 2013;35:521-
528. https://doi.org/10.1093/ejo/cjs035.

10. ‌�Dickens ST, Sarver DM, Proffit WR. Changes in frontal soft 
tissue dimensions of the lower face by age. World J Orthod 

참 고 문 헌



Quantitative analysis of the m
orphology of the lips according to different anteroposterior and vertical skeletal patterns

ORIGINAL ARTICLE

대한치과의사협회지 제61권 제3호 2023 179

2002:313-320.
11. ‌�Konstantonis D. The impact of extraction vs nonextraction 

treatment on soft tissue changes in Class I borderline mal-
occlusions. Angle Orthod 2012;82:209-217. https://doi.
org/10.2319/051911-339.1.

12. ‌�Lucker GW. Esthetics and a quantitative analysis of facial ap-
perance. In: Lucker GW, Ribbens KA, McNamara JA. Psycho-
logical aspects of facial from. Ann arbor: University of Michigan; 
1980. p. 49-79.

13. ‌�Profitt WR, Epker BN, Ackerman JL. Systematic description of 
dentofacial deformities: the database. In: Profitt WR, White RP 
Jr. Surgical correction of dentofacial deformities. Philadelphia: 
WB Saunders; 1980. p. 105-154.

14. ‌�Ferrario VF, Sforza C, Schmitz JH, Ciusa V, Colombo A. Nor-
mal growth and development of the lips: a 3-dimensional 
study from 6 years to adulthood using a geometric model. J 
Anat 2000;196:415-423. https://doi.org/10.1046/j.1469-
7580.2000.19630415.x.

15. ‌�Blanchette ME, Nanda RS, Currier GF, Ghosh J, Nanda SK. 
A longitudinal cephalometric study of the soft tissue profile 
of short- and long-face syndromes from 7 to 17 years. Am 
J Orthod Dentofacial Orthop 1996;109:116-131. https://doi.
org/10.1016/S0889-5406(96)70172-5.

16. ‌�Troje NF, Kersten D. Viewpoint-dependent recognition of 
familiar faces. Perception 1999;28:483-487. https://doi.
org/10.1068/p2901.

17. ‌�Arnett GW, Bergman RT. Facial keys to orthodontic diagno-
sis and treatment planning--Part II. Am J Orthod Dentofacial 
Orthop 1993;103:395-411. https://doi.org/10.1016/S0889-
5406(05)81791-3.

18. ‌�Ackerman JL, Proffit WR, Sarver DM. The emerging soft tis-

sue paradigm in orthodontic diagnosis and treatment plan-
ning. Clin Orthod Res 1999;2:49-52. https://doi.org/10.1111/
ocr.1999.2.2.49.

19. ‌�Krneta B, Primozic J, Zhurov A, Richmond S, Ovsenik M. 
Three-dimensional evaluation of facial morphology in children 
aged 5-6 years with a Class III malocclusion. Eur J Orthod 
2014;36:133-139. https://doi.org/10.1093/ejo/cjs018.

20. ‌�Trookman NS, Rizer RL, Ford R, Mehta R, Gotz V. Clinical as-
sessment of a combination lip treatment to restore moisturiza-
tion and fullness. J Clin Aesthet Dermatol 2009;2:44-48.

21. ‌�Sarnoff DS, Gotkin RH. Six steps to the "perfect" lip. J Drugs 
Dermatol 2012;11:1081-1088.

22. ‌�Ellis E, 3rd, McNamara JA, Jr. Components of adult Class III 
malocclusion. J Oral Maxillofac Surg 1984;42:295-305. https://
doi.org/10.1016/0278-2391(84)90109-5.

23. ‌�Graber TM, Rakosi T, Petrovic AG. Dentofacial orthopedics 
with functional appliances. St. Louis: The CV Mosby Company; 
1985. p. 142, 228.

24. ‌�Suk KE, Park JH, Bayome M, Nam YO, Sameshima GT, Kook 
YA. Comparison between dental and basal arch forms in nor-
mal occlusion and Class III malocclusions utilizing cone-beam 
computed tomography. Korean J Orthod 2013;43:15-22. 
https://doi.org/10.4041/kjod.2013.43.1.15.

25. ‌�Van der Linden FPGM. Problems and Procedures in Dentofacial 
Orthopedics. Ill: Quintessence; 1990.

26. ‌�Satimary LE, Sato Y, Kaneko T, Yamamoto T, Handa K, Iida J. 
Differences in dento-facial morphology in lip competence and 
lip incompetence. Orthod Waves 2009;68:12-19.

27. ‌�Monteiro M. Face and scalp. In: Standring S. Gray’s anatomy. 
Edinburgh: Churchill Livingstone; 2008. p. 467-468, 482.

참 고 문 헌


