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	 Background:	 In cleft lip and palate (CLP) patients, the shape of the facial soft tissues shows variety in 3 dimensions (3D). 
Two-dimensional (2D) photographs and radiographs are insufficient in the examination of these anomalies. 
The aim of this retrospective study was to examine the soft tissue and craniofacial characteristics of individuals 
with nonsyndromic unilateral cleft lip and palate (UCLP), bilateral cleft lip and palate (BCLP), skeletal Class III 
malocclusions, or skeletal Class I malocclusions using 3D facial imaging.

	 Material/Methods:	 The entire study group consisted of a total of 158 patients, aged 8–32 years: 29 of the patients had UCLP, 
22 BCLP, 54 had skeletal Class III malocclusions, and 53 had skeletal Class I malocclusions. 3D stereophoto-
grammetric soft-tissue recordings of all patients were analyzed. ANOVA and the Kruskal-Wallis test were per-
formed to compare the groups.

	 Results:	 Statistically significant differences were observed among the groups in terms of linear, angular, proportional. 
and volumetric measurements. While nasal differences were not observed in the Class III group, nose and upper-
lip deformities were common in the CLP groups. Upper-lip projection was reduced in all 3 groups. In the Class 
III patients, the lower lip and chin were more prominent than in the other groups. The facial convexity angle 
was increased in the CLP and Class III groups. The upper-lip volume was decreased in the BCLP, the UCLP, and 
the Class III groups.

	 Conclusions:	 Patients with skeletal Class III or CLP anomalies showed significantly different soft-tissue characteristics than 
the Class I control group. 3D stereophotogrammetric facial imaging is an easy and noninvasive method that 
can be used in examination and recording of these facial deformities. It is possible to make volumetric mea-
surements using this method.
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Background

CLP is a multifactorial and congenital deformity that can be 
caused by both genetic and environmental factors, with a mean 
prevalence of 1 per 800 to 1000 live births [1,2]. The craniofa-
cial growth and development of patients with CLP differ from 
normal individuals for various reasons. Some researchers state 
that these growth differences are due to surgical operations 
for closure of the defect, while some others reported that they 
were due to embryological or genetic differences [3–7].

In patients with CLP, imaging and assessment of the deformity 
play an important role in the effectiveness of the treatment, 
since the soft tissue has own characteristics in cleft patients. 
Assessment of the formation processes of facial deformities is 
an important component that can contribute to improving the 
quality of life of these patients. For this reason, many methods 
have been applied by researchers to assess the soft tissue 
symmetry and nasolabial form changes and to show the dif-
ferences between unaffected people and CLP patients, before 
and after surgical and orthodontic treatments. The most com-
monly used traditional methods of imaging soft tissues are lat-
eral cephalometric radiographs and facial photographs [8,9]. 
However, lateral cephalometric radiographs have certain lim-
itations, including providing only profile assessments and 
having low resolution. Soft-tissue examination in detail and 
asymmetrical assessment cannot be made due to overlap with 
skeletal structures [10–12]. Another disadvantage of cepha-
lometric radiographs is that the patient is exposed to radia-
tion. Jacobs et al. evaluated the total radiation dose received 
from various radiographic imaging methods in cleft patients 
and non-cleft patients with or without orthodontic treatment. 
They found that cleft patients had higher total amounts of ra-
diation from cephalometric radiography, computerized tomog-
raphy (CT), and cone beam computerized tomography (CBCT) 
than non-cleft patients in each age group. According to the 
results of their studies, the total lifetime radiation doses of 
women with cleft palate in particular can be considered as 
dangerous [13]. Therefore, because of the risk of radiation, 
we focused on noninvasive 3D imaging modalities in CLP pa-
tients in the present study.

Even if taken from different angles, the photographs are insuf-
ficient to show the depth and shape features of the 3D struc-
tures [14]. During the comparison of different facial photo-
graphs, unreliable results can be obtained due to variables such 
as distance between the camera and the object, the camera 
angle, and head position [15]. It is also true that the appear-
ance of a 3D object can be changed completely when viewed 
from different viewpoints [16]. In recent years, due to the dis-
advantages mentioned above, the popularity of 3D imaging 
systems for soft-tissue surface analysis has increased. 3D im-
aging techniques offer high accuracy and precise measurement 

capabilities, as well as the ability to view images from any angle 
to and analyze 3D videos [17]. 3D facial imaging techniques 
include 3D cephalometric radiography, laser scanning, structural 
light techniques, conventional CT, CBCT, stereophotogrammetry, 
3D ultrasonography, and magnetic resonance imaging.

CBCT is a 3D diagnostic tool that is often used in cases requiring 
detailed examination, such as the localizing of impacted teeth 
and odontoma or the examination of patients with craniofa-
cial anomalies [18]. Tulunoglu et al. compared cephalometric 
radiographs and CBCT images of patients with CLP and found 
that several skeletal and dental measurements could not 
be correlated with each other, and there were significant 
differences [19]. In another cleft study, Perillo et al. used the 
CBCT images of the UCLP patient during the examination of 
impacted teeth and treatment planning [20]. However, this tech-
nique is not successful enough to display soft tissues, real color, 
and skin texture. Another disadvantage is that the shooting time 
is long. Shooting time lasts approximately 30 to 40 s, during 
which inaccurate images may achieved on soft tissues due to 
involuntary muscle movements, such as breathing [21]. Due 
to these limitations of CBCT, stereophotogrammetry and laser 
scanning are the suitable techniques in soft-tissue imaging.

Today, the stereophotogrammetry technique has been accepted 
as the most promising one among all 3D soft-tissue imaging 
methods. This technique works by the principle that 2 or more 
cameras take images at the same time at different angles over 
an object, and the 3D image of the soft-tissue morphology is 
created with the aid of special computer software [22]. Although 
there have been several studies examining the facial soft-tis-
sue characteristics by stereophotogrammetry in patients with 
CLP, no studies have compared patients with skeletal Class I 
malocclusions, skeletal Class III malocclusions, UCLP, and BCLP. 
Therefore, the aim of this study was to compare the soft-tis-
sue properties of patients with nonsyndromic UCLP, BCLP, 
skeletal Class III malocclusions, and skeletal Class I malocclu-
sions using stereophotogrammetry. The null hypothesis was 
that there is no difference between the facial soft-tissue im-
ages of UCLP, BCLP, skeletal Class III, and skeletal Class I pa-
tients examined by 3D stereophotogrammetry.

Material and Methods

This study was single-center and retrospective; patients who 
received treatment from the second author at the Department 
of Orthodontics were included. The study was approved by 
the University Ethics Committee. All CLP patients who under-
went orthodontic treatment (a total of 125 patients aged 8–32 
years old) were evaluated, first based on the inclusion criteria. 
Patients with total UCLP and BCLP were included. Ten of these 
patients were excluded from the study because 8 of them had 
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an isolated cleft palate and 2 had no stereophotogrammetry 
records. Of the remaining 113 patients, 62 were not included 
in the study because they had previously undergone growth 
modification therapy or had underwent orthognathic surgery 
before obtaining the 3D images. As a result of these exclusions, 
51 CLP patients were included in the study. These cleft groups 
were compared to the skeletal Class III group and the Class I 
control group. For this purpose, the skeletal Class III patients 
with maxillary retrognathia and the skeletal Class I patients 
having pretreatment 3D images were assessed as well. Lateral 
cephalometric radiographs were evaluated to determine skele-
tal anomalies. There were no more than 6 months between the 
date of the lateral cephalometric radiographs and the 3D im-
age recordings. Both the ANB angle and the Wits values were 
assessed to design the skeletal Class I and Class III groups. In 
the skeletal Class I group, the ANB angle was between 0 and 
4 and the Wits measurement was a positive value. In the skel-
etal Class III group, both the ANB angle and the Wits values 
were negative. Consequently, the study sample consisted of 
158 patients aged 8–32 years old with nonsyndromic UCLP, 
BCLP, skeletal Class III malocclusions, or skeletal Class I maloc-
clusions. Soft-tissue evaluations of all patients were performed 
using 3D stereophotogrammetric facial images.

In this study, 3D facial images were taken using the 3dMDface 
System (3dMD LLC, Atlanta, GA, USA). Images were taken in 

standard office lighting conditions and in the natural head po-
sition, which has high clinical reproducibility [23]. The analysis 
was performed using 3dMD Vultus® software (3dMD Vultus® 
software version 2.3.0.2, 3dMD, Atlanta, GA, USA). All the 3D 
facial images were reoriented for standardization and all the 
sections of the images that were not included in the analyses 
were cut off so as to have similarity in all subjects.

The landmarks used in this study are shown in Figure 1. In our 
study, a total of 34 linear, 11 angular, 5 proportional, and 6 vol-
umetric measurements were made on the 3dMD Vultus soft-
ware. The linear, angular, proportional, areal, and volumetric 
measurements are shown in Figures 2–4. Some of the linear 
measurements we made were the distance between certain 
landmarks on face, and some were the perpendicular distances 
of certain landmarks to coronal, axial, and N’-Prn plane. The 
coronal plane (CP) was defined as that which passed through 
the outer canthus of both the eyes, and the axial plane (AP) 
was defined as that which passed through the inner canthus 
of both the eyes. Supratip convexity was measured as the per-
pendicular distance from the supratip point of the nose (the 
most convex point of the upper part of the nose tip) to the 
N’-Prn plane. The hump was measured as the distance from 
the upper dorsum convexity point of the nose (the most con-
vex point of the upper arch of the nose) to the N’-Prn plane. 
Volumetric measurements were made between the vertical 
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Figure 1. �Reference points used in 3D facial soft-tissue evaluation.
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and horizontal planes, passing through certain landmarks as 
shown in Figure 4.

The average values of the right and left sides were calculated 
and using a single value in the BCLP, skeletal Class III, and skel-
etal Class I groups, while in the UCLP group the measurements 
on the cleft side were used for the analyses.

To determine the individual error of measurement, 50 subjects 
were selected randomly from all groups for a second 3dMD 
analysis. The second measurements were made 15 days after 
the first measurements. All of the second measurements were 
compared with the first measurements to assess the reliability 
of analysis using Cronbach’s alpha reliability test (r). All r val-
ues were in the range of 0.913–1, suggesting that the first and 
second measurements were almost identical or had negligible 
errors of measurements.

SPSS software, version 23.0, was used to perform the statistical 
analyses. The Cronbach’s alpha reliability test was used for 
method errors and the Shapiro-Wilk test was used to determine 
whether the data were normally distributed. In normally distrib-
uted data, the ANOVA test was used for testing the differences 

among groups. Where significant differences between the 
groups were demonstrated, the Bonferroni (post hoc) test was 
used between paired groups. In non-normally distributed data, 
the Kruskal-Wallis test and the Mann-Whitney U test was per-
formed among the paired groups. The significance was deter-
mined to be p<0.05 in ANOVA, Bonferroni, and the Kruskal-
Wallis tests, and p<0.008 in the Mann-Whitney U test.

Results

The mean age of the UCLP group was 15.45±5.15 years (mini-
mum 8.27, maximum 29.11), the BCLP group was 16.18 ± 5.89 
years (minimum 9.3, maximum 32), the skeletal Class I group 
was 15.66±4.01 years (minimum 8.17, maximum 29.33) and 
the skeletal Class III group was 15.09±4.18 years (minimum 
8.87, maximum 31.66). No significant differences were found 
among the groups in terms of chronological age (p>0.05). 
Comparisons of linear measurements are shown in Table 1 
and results of the proportional, angular, and volumetric mea-
surements are shown in Table 2.
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Figure 2. �Linear, angular, and proportional measurements used in 3D facial soft-tissue evaluation.
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Figure 3. �Linear and topographic measurements used in 3D facial soft-tissue evaluation.

When the frontal nasal measurements were evaluated in the 
UCLP group, the nasal width (AlR-AlL), the nasal base width 
(AcR-AcL), and the subalar width (SbalR-SbalL) were increased 
significantly in comparison to the Class I group and were de-
creased significantly in comparison to the BCLP group. The 
UCLP group had a significantly shorter upper lip r (Sn-Sto) and 
shorter upper lip vermillion length (Ls-Sto) as compared to the 
Class I group. The distances from the Sn, Ss, and Ls points to 
the coronal plane decreased with respect to the control group; 
however, these distances were similar to the BCLP group. The 
soft-tissue convexity angle (N’-Sn-Pg ‘), the total facial convexity 

angle (N’-Prn-Pg’), the upper lip angle (ChR-Ls-ChL), the upper 
nasal angle (AlR-N’-AlL), the nasal tip angle (AlR-Prn-AlL), and 
the nasal convexity angle (Prn-N’-Sn) were found to be larger 
than in the control group. The total facial convexity angle, the 
upper nasal angle, and the nasal type angle were significantly 
lower than in the BCLP group. The H angle (N’-Pg’-Ls) and the 
nasolabial angle (C-Sn-Ls) were narrower as compared to the 
control group. In the UCLP group, the ratio of the Sn-Prn/Ac-
Prn was higher than that of the control group, which was sim-
ilar to the BCLP group. However, the ratio of Sn-Sto/Sto-Me’ 
was lower than that of the control group. In the UCLP group, 
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the upper-lip surface volume, the upper lip, and the paranasal 
surface volume and the middle face surface volume decreased 
with respect to the control group and similar to the Class III 
and the BCLP groups.

In the BCLP group, the nasal width (AlR-AlL), the nasal base 
width (AcR-AcL), and the subalar width (SbalR-SbalL) increased 
in comparison to all other groups. The philtrum length (Ls-Sn), 
when compared to both the Class III and UCLP groups, had de-
creased in the BCLP group. Compared to the control group, the 
nasal bridge (N’-Prn) and the upper-lip length (Sn-Sto) were 
decreased in the BCLP group. The distances from the Prn, Sn, 
Ss, and Ls points to the coronal plane decreased with respect 
to the control group, while they were found to be similar to 
the UCLP group. In the BCLP group, the soft-tissue convexity 
angle (N’-Sn-Pg’), the upper-lip angle (ChR-Ls-ChL), and the 
nasal convexity angle (Prn-N’-Sn) were larger than that of the 
control group. However, the H angle was smaller than that of 
the control group. In the BCLP group, the total facial convexity 
angle (N’-Prn-Pg’), the upper nasal angle (AlR-N’-AlL), the nasal 
tip angle (AlR-Prn-AlL), and the nasal convexity angle (Prn-N’-
Sn) was wider than in all the other groups.

The Class III group had a significantly shorter upper-lip ver-
million length (Ls-Sto) as compared to the control group. In 
the Class III group, the distances from the Ac, Prn, Sn, and Ss 
points to the coronal plane decreased with respect to the con-
trol group, but were similar to the UCLP and BCLP groups. The 
distances from the Li, Sl, and Pg’ points to the coronal plane 
increased in comparison to all other control groups. The soft-
tissue convexity angle (N’-Sn-Pg’), the total facial convexity 
angle (N’-Prn-Pg’), the upper-lip angle (ChR-Ls-ChR), the men-
tolabial angle (Li-Sl-Pg’), the nasolabial angle (C-Sn-Ls), and 
the nasal convexity angle (Prn-N’-Sn) were larger than in the 
control group. However, the H angle (N’-Pg’-Ls) was reduced 
when compared to the control group. In the Class III group, 
the upper-lip surface volume, the upper lip and the paranasal 
surface volume, and the middle-face surface volume increased 
with respect to the control group, while they were found to be 
similar to the UCLP and BCLP groups.

Discussion

In this study, the dimensions of the nose, lips, cheeks, and chin 
were analyzed in 3D for different cleft types and skeletal mal-
occlusions. Significant differences were found between the 
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Figure 4. �Volumetric measurements used in 3D facial soft-tissue evaluation.
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(n=22)
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(n=54)
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p ** p *
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 m

ea
su

re
m

en
t 

(m
m

)

N’-Me’ 116.16±9.09 117.87±7.49 114.19±9.23 116.24±7.86 0.338

N’-Sn 50.32±4.82 51.36±3.64 48.86±5.09 50.74±4.16 0.083

Sn-Me’ 67.91±5.77 68.18±5.86 67.35±6.35 69.06±5.43 0.509

AlR-AlL 36.72±5.04B 39.45±4.24C 33.27±3.41A 33.55±2.82A 0.000

AcR-AcL 36.05±4.46B 40.02±4.06C 32.49±3.13A 32.29±2.59A 0.000

SbalR-SbalL 26.37±3.96B 29.41±3.56C 20.43±2.74A 21.22±2.44A 0.000

CphR-CphL 11.97±2.8 13.09±4.31 11.38±2.3 11.33±1.72 0.281

ChR-ChL 45.8±5.67 47.89±4.95 46.48±4.42 46.26±3.65 0.405

Ch-Ac 27.59±3.05 27.32±2.35 27.85±2.46 28.65±2.22 0.101

Ls-Sn 13.12±2.97AB 11.23±3.4B 14.24±2.79A 14.98±2.47A 0.000

Ls-Sto 6.78±2.59B 7.73±3.41AB 6.96±1.75B 8.42±1.27A 0.000

Li-Sto 8.12±2.17 8.53±1.73 8.39±1.84 9.28±1.84 0.054

Sn-Prn 19.59±3.25 19.62±3.13 18.3±2.03 17.71±1.8 0.089

N’-Prn 41.93±4.59AB 40.69±4.25B 41.97±5.45AB 44.3±4.69A 0.013

Prn-Sto 35.55±4.33 35.96±3.96 35.65±3.75 36.19±3.3 0.079

Ac-Prn 30.74±3.97 31.36±3.26 30.35±2.99 30.18±2.8 0.699

Ac-Sn 21.1±3.15 23.06±2.26 20.39±1.99 20.22±1.67 0.067

Cph-Sn 13.85±2.58 12.01±2.89 13.73±2.5 14.43±2.47 0.121

Sn-Sto 18.96±3.43B 18.31±3.81B 20.26±2.86AB 21.76±2.41A 0.000

Sto-Me’ 49.86±5.29 50.65±5.12 47.51±4.74 47.74±3.93 0.054

Supratip 1.35±0.74 1.36±0.69 1.25±0.71 1.48±0.63 0.248

Hump 0.4±1.35 0.5±1.3 0.05±1.27 0.18±1.27 0.356

C-Axial P. 40.11±4.88 40.45±5.05 40.23±5.15 40.19±4.13 0.995

Bc-Coronal P. 11.14±3.45 10.83±3.15 10.99±2.88 11.98±3.03 0.295

Ck-Coronal P. 9.02±2.75 9.21±2.92 9.02±2.93 9.84±2.56 0.327

Ac-Koronal D. 14.37±3.36AB 13.21±2.99AB 12.49±3.13B 14.75±3.13A 0.002

Prn-Coronal D. 36.55±4.56AB 35.98±4.38B 37.43±4.44AB 39.41±4.48A 0.007

Sn-Koronal D. 21.35±3.12B 21.55±4.16B 23.11±3.5B 25.53±3.81A 0.000

Ss-Koronal D. 20.66±3.29B 20.38±3.43B 21.64±3.73B 23.92±3.64A 0.000

Ls-Koronal D. 21.94±3.66C 20.42±4.01C 24.05±4.14B 26.31±4.12A 0.000

Li-Koronal D. 21.53±4.13A 21.95±5.15A 23.81±4.18B 21.94±4.42A 0.048

Sl-Koronal D. 14.58±4.79A 15.24±5.32A 18.25±4.34B 15.45±4.03A 0.000

Pg’-Koronal D. 15.56±4.79A 17.02±6.15A 19.29±4.77B 16.25±4.22A 0.001

Topografik N’-Sn 64±7.54 63.52±7.13 62.32±7.16 64.04±6.22 0.574

Table 1. Comparison of linear measurements made on facial soft tissues according to groups.

Statistically significant differences are written in bold. p ** – ANOVA, binary comparison Bonferroni test; p * – Kruskal-Wallis test, 
binary comparison Mann-Whitney U test.
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groups in terms of linear, angular, proportional, and volumetric 
measurements. Nasolabial changes seen in cleft and skeletal 
Class III patients were especially remarkable.

Patients with CLP have different facial appearances from their 
normal peers [24,25]. It was reported that interocular width, 
nasal floor width, lip width, lower face height, nose length, and 
lip shape were different from normal individuals [24] and var-
ious facial asymmetries are seen [26,27]. Many factors influ-
ence the severity of these deformities, which especially affect 
the mid-facial region. These factors may include the type of 
cleft, race, sex, the techniques used in the repair of the cleft, 

and the timing of the surgical procedures performed [1,28]. At 
present, the aesthetic expectations of both clinicians and pa-
tients from orthodontic treatment have been increasing; there-
fore, evaluation of the effectiveness of both surgical and orth-
odontic treatments has become more important.

To evaluate the facial soft tissue, 2D photographs and tradi-
tional cephalometry have been replaced by 3D facial imaging 
systems [29]. In studies performed with conventional cepha-
lometric radiographs, remodeling changes of the bone tissue 
formed by growth or orthodontic treatment can be exam-
ined only by distance to a certain plane. However, using 3D 

Measuremets
UCLP

(n=29)
BCLP

(n=22)
CLASS III
(n=54)

CLASS I
(n=53)

p ** p *

A
ng

ul
ar

 
m

ea
su

re
m

en
ts

N’-Sn-Pg’ ° 168.72±5.09B 170.89±5.91B 169.53±5.28B 161.94±4.87A 0.000

N’-Prn-Pg’ ° 136.15±6.23B 140.27±6.41C 136.27±4.3B 131.84±4.31A 0.000

Bc-N’-Sn ° 37.29±2.9 37.57±2.14 38.28±1.86 37.43±2.05 0.059

N’-Pg’-Ls ° 9.36±4.7B 7.01±4.07B 8.28±4.69B 14.47±3.28A 0.000

ChR-Ls-ChL ° 115.45±9.71B 117.32±8.65B 114.38±5.91B 105.64±4.22A 0.000

ChR-Li-ChL ° 115.45±9.71 117.32±8.65 114.93±5.91 116.31±5.46 0.062

AlR-N’-AlL ° 47.64±5.58B 51.44±4.5C 45.06±4.32AB 43.63±3.96A 0.000

AlR-Prn-AlL ° 90.28±7.63B 95.78±8.39C 80.85±8.23A 82.86±6.68A 0.000

Li-Sl-Pg’ ° 139.76±13.93AB 137.23±16.66AB 144.2±11.87B 135.26±11.65A 0.005

C-Sn-Ls ° 106.05±10.19B 117.12±15.94C 106.9±10.59B 112.56±10.14A 0.002

Prn-N’-Sn ° 22.11±3.41B 21.41±3.13B 21.53±1.97B 19.94±2.04A 0.001

Pr
op

or
ti

on
al

 
m

ea
su

re
m

en
ts

Sn-Prn/Ac-Prn 0.64±0.08B 0.65±0.06B 0.6±0.04A 0.59±0.04A 0.000

Sn-Prn/AlR-AlL 0.55±0.08 0.52±0.07 0.56±0.08 0.53±0.05 0.113

N’-Sn/N’-Me’ 0.43±0.02 0.44±0.02 0.43±0.03 0.44±0.02 0.264

Sn-Me’/N’-Me’ 0.58±0.02 0.58±0.03 0.59±0.03 0.59±0.02 0.079

Sn-Sto/Sto-Me’ 0.39±0.08B 0.37±0.08B 0.43±0.06A 0.46±0.05A 0.000

V
ol

um
et

ri
c 

m
ea

su
re

m
en

ts
 (

cc
)

Upper lip volume 2.43±1.03B 2.52±1.11B 2.86±0.98B 3.77±0.95A 0.000

Lower lip volume 3.08±1.28 3.44±1.21 3.45±1.31 3.26±0.93 0.641

Nasal volume 12.44±3.81 13.31±4.09 11.37±3.1 11.93±2.96 0.054

Upper lip and paranasal 
volume

27.7±5.83B 28.44±4.28B 25.73±4.46B 31.11±5.25A 0.000

Upper lip and paranasal 
volume except nasal 
volume

15.19±4.01B 16.12±3.62B 14.36±2.41B 19.17±3.78A 0.000

Lower lip and chin volume 4.55±2.46 5.93±3.16 5.37±2.26 5.29±1.3 0.164

Table 2. Comparison of angular, proportional and volumetric measurements made on facial soft tissues according to groups.

Statistically significant differences are in bold. p ** – ANOVA, binary comparison Bonferroni test; p * – Kruskal-Wallis test, binary 
comparison Mann-Whitney U test.
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approaches, soft-tissue reflection of bone remodeling can 
be evaluated in a wider surface. Because of its practical use, 
stereophotogrammetry has become the preferred craniofacial 
and dentofacial 3D face-imaging system [30]. Facial images 
taken with the 3dMDface system include the entire face, 
including between the ears and below the chin. In this system, 
which has a total of 6 cameras (3 on the right and 3 on the left), 
the image acquisition time is 1.5 milliseconds [31]. 3D stereo-
photogrammetry produces high-resolution 3D images that can 
generate a sense of reality. Thus, the identification of soft-tis-
sue points is facilitated, and facial measurements are precise 
and reproducible [32]. In studies investigating the accuracy of 
landmarks and measurements using stereophotogrammetry, 
it was concluded that the system was reliable and was a 
suitable technique for facial soft-tissue analysis [22,32–39]. 
Previous studies have also shown that stereophotogrammetry 
is an appropriate method in the detection of facial deformi-
ties and postoperative changes in patients with CLP [39–43]. 
However, there is no consensus in the literature about mea-
surements made on 3D facial images. Many different anthro-
pometric points and measurements have been used in the 
evaluation of soft tissues of CLP patients [12,24,43–47]. The 
landmarks used in this study were mainly based on the Farkas 
system [48]. In addition to Farkas measurements, some new 
measurements were added in order to better evaluate the 
shape of the nasolabial complex.

Nasolabial deformities are one of the most basic problems 
seen in CLP patients. It has been stated that the alar base 
shape was even more flat due to insufficient bone support in 
the affected areas [49]. In studies conducted in patients with 
UCLP, the nose is generally asymmetric; the tip of the nose is 
deformed, straightened and deviated towards the unaffected 
side. It has been reported that the nose width increases and 
the columella is wider and shorter at the cleft side [47,50,51]. 
Similar to previous studies, we found that the measurements 
of the nasal width, the nasal floor width, and the subalar dis-
tance in the UCLP patients were significantly higher than those 
of the Class I control groups [45,47,49]. A number of studies 
reported that the increase in nasal width is the most striking 
finding regarding the nose in patients with BCLP, and the in-
crease in the ratio of nose width to lip width was reported to 
negatively affect the appearance [24,52]. According to our find-
ings, the nasal width, the nasal floor width, and the subalar dis-
tance in the BCLP group were wider than in the other groups. 
These findings were consistent with the study conducted by 
Bugaigish et al. [45]. These results might have occurred because 
of inadequate bone support, which is made more inadequate 
due to clefts on both sides in patients with BCLP; therefore, 
the nasal base was more flattened than in patients with UCLP.

According to our results, the BCLP group had a longer nasal 
bridge length than in all the other groups, and no significant 

differences were found among the Class I control group, 
the Class III group, and the UCLP group. Consistent with 
our findings, Othman et al. and Zreaqat et al. have also 
reported that there was no significant difference in nasal bridge 
lengths in their studies comparing UCLP patients and control 
groups [47,53]. Bugaighis et al. reported that the nasal bridge 
length was significantly shorter in the BCLP groups as com-
pared to the Class I control group [50].

The severity and types of cleft and the surgical procedures ap-
plied to the closure of the cleft affect the shape of the lips. A lip 
that is 3–4 mm less than its normal length has been defined 
as a short lip [54]. It is known that lip lengths vary depending 
on the type of surgical procedure performed. While the Millard 
advancement technique leads to a shorter upper-lip length, 
the Tennison repair leads to a longer upper-lip length [55]. 
However, it was difficult to standardize the surgeries, since 
all patients involved in this study were outside patients and 
there was no standardization of lip and palate closure in terms 
of technique and timing. Therefore, in the present study we 
found several differences in upper-lip form among the groups. 
While the Class I, Class III, and UCLP patients had similar phil-
trum height, BCLP patients had a significantly shorter phil-
trum, consistent with previous studies [44,45,53]. However, 
according to the distance of the Prn point from the CP, the 
nasal projection decreased in the Class III, UCLP, and BCLP pa-
tients, but only the BCLP group was significantly lower. This 
may be due to the fact that the tip of the nose was more af-
fected in the repair of BCLP.

In a previous anthropometric study that compared UCLP and 
BCLP patients with control subjects, Duffy et al. found no sig-
nificant difference in upper-lip vermillion height [24]. In con-
trast to these studies, we found a shorter upper-lip vermil-
lion in the Class III and UCLP groups. It is thought that the 
difference of lips closure techniques has a variable effect on 
upper-lip vermillion and causes a decrease in thickness. The 
UCLP sample size in Duffy’s study might not be large enough 
to detect such a difference. The UCLP group in the study by 
Bugaigish et al. showed similar results with our findings [45]. 
Zreaqat et al., Bugaigish et al., and Othman et al. reported 
that the upper-lip length in UCLP and BCLP patients was sig-
nificantly shorter than those of the control group [45,47,53]. 
None of these studies made any comparison between UCLP 
and BCLP patients. In the present study, we also found that 
the upper-lip length was shorter in the UCLP and BCLP pa-
tients. However, no significant difference was found between 
the UCLP and BCLP groups.

In patients with CLP, the maxillary region and the entire mid-
facial region are considered to be problematic regions as 
well [56,57]. It was reported that inadequate mid-facial growth 
can be seen due to both the defect itself and the surgical 
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procedures performed [58]. When the previous studies were 
evaluated, it was observed that angular measurements were 
frequently made during the sagittal evaluation of the midface, 
the maxilla, and the mandible. However, angular measure-
ments may not give accurate results because the positions of 
the landmarks affect each other. For example, the soft-tissue 
convexity angle will be inadequate to diagnose the bimaxil-
lary retrusion that is commonly seen in BCLP patients. For this 
reason, in our study, the distances from certain points on the 
face to a reference plane (coronal plane) were measured, so 
that the examination of the sagittal relation and the profile 
image is more accurate.

We measured the distances from the CP to the buccal contour 
(Bc), cheek (Ck), alar curvature (Ac), pronasale (Prn), subna-
sale (Sn), subspinale (Ss), labiale superior (Ls), labiale inferi-
or (Li), sublabiale (Sl), and soft-tissue pogonion (Pg’) points to 
determine and compare the projections of the midface, nose, 
and lower jaw area. The cheek projection was similar among 
the groups, while the alar curvature projection was reduced 
in the Class III, UCLP, and BCLP patients as compared to the 
Class I control group. However, only the difference between 
the Class III group and the control group was found to be sta-
tistically significant. The inadequate development of the mid-
facial area of the UCLP and BCLP patients could not be clearly 
seen with these measurements because their orbital areas 
may also be affected by the defects [24].

To determine the upper lip projection, the distances from the 
Sn, Ss, and Ls points to the CP were measured. The upper-lip 
projection was found to be less prominent in all study groups 
other than the Class I control group. This result can be attrib-
uted to the surgical repair of the lips in patients with UCLP 
and BCLP and maxillary insufficiency in patients with skeletal 
Class III malocclusion. The distance from the Ls point to the 
CP was significantly decreased in the Class III group as com-
pared to the UCLP and BCLP groups. This may be due to the 
increased maxillomandibular discrepancy in the Class III group.

There is no consensus in the literature as to whether the lower-
lip and jaw areas of UCLP and BCLP patients are affected by 
the cleft. The present study found that the lower-lip and chin 
projection were similar to the Class I control group in the UCLP 
and BCLP groups. In the Class III group, all of these measure-
ments are significantly higher than that of the UCLP, BCLP, and 
Class I groups. In their study comparing skeletal Class III pa-
tients and normal subjects using 3D facial images, Sforza et al. 
reported that the lower face was more prominent in skeletal 
Class III patients [59].

The most frequently observed significant feature in patients 
with maxillary deficiency was concavity of the face. According 
to the angular measurements, the total facial convexity angle 

and the soft-tissue convexity angle were significantly higher 
in the Class III, UCLP, and BCLP groups as compared to the 
Class I control group. The total facial convexity angle in the 
BCLP group was significantly higher than that of all the other 
groups. It was not surprising that this measure, which was 
affected by nasal changes, was more markedly increased in 
BCLP patients whose nasal tip was more flattened. Our find-
ings are similar to those of Bugaighis et al. [45].

The Class III, UCLP, and BCLP groups had a significantly higher 
upper-lip angle. This might be because of the variation of the 
lip width or position of the Ls point. According to our findings, 
lip width measurements were similar among the groups and 
the differences between them were not statistically significant. 
Therefore, it is thought that the upper-lip angle was higher in 
all 3 groups because of the position of the Ls point. The sim-
ilarity of the lower-lip angle between all groups also support 
this idea. The upper nasal angle and the nasal tip angle had 
higher values in the UCLP and BCLP groups as compared to 
the Class I control group. However, it is noteworthy that these 
angles increased more in the BCLP group. The increase in the 
width of the alar base due to inadequate bone support proper-
ties of the cleft type in the patients with BCLP [24,45,60] might 
have caused an increase in these angles. For this reason, the 
nose seems to be wider and flattened, especially in patients 
with BCLP.

Sforza et al. stated that the mentolabial angle in skeletal Class 
III patients was significantly increased as compared to normal 
subjects [59]. In agreement with Sforza et al., we found that 
the mentolabial angle was significantly higher only in the Class 
III group as compared to the Class I control group. Mandibular 
prognathism causing an increase in the mentolabial angle is 
not very common in UCLP and BCLP patients. Patients with 
UCLP and BCLP usually show skeletal Class III malocclusion 
due to maxillary retrognathia. Therefore, a severe increase in 
mentolabial angle is not expected in UCLP and BCLP patients, 
but there may be some increase due to the dental compensa-
tion seen in the lower incisor teeth. Our results also supported 
the idea that there was a slight increase in the mentolabial 
angle of the UCLP and BCLP patients as compared to the Class 
I control group, but this increase was not statistically signifi-
cant. Similar to our findings, a previous study found that the 
mentolabial angle was similar in the control groups and the 
UCLP patients [61].

The nasolabial angle is mostly affected by orthodontic and sur-
gical procedures. This angle, which is often evaluated during 
the planning of orthodontic treatment, has an important role in 
facial aesthetics. According to the findings of the present study, 
the nasolabial angle decreased in the Class III and UCLP pa-
tients as compared to the Class I control group. This was consis-
tent with the findings of other studies in the literature [62,63]. 
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However, the nasolabial angle increased in the BCLP group. It 
may be postulated that the retruded upper incisor teeth and 
the position of the premaxilla might have caused the increased 
nasolabial angle in these patients [62,64,65].

It has been observed that mostly linear and angular measure-
ments are performed in the 3D face analysis for studies on CLP 
patients. In the present study, we included proportional and 
volumetric measurements as well as linear and angular mea-
surements. In our proportional measurements, the Sn-Prn/Ac-
Prn ratio was increased in the UCLP and BCLP groups as com-
pared to the Class I control group and the Class III group. In 
the present study, we found no statistically significant differ-
ence between the Sn-Prn and Ac-Prn measurements among all 
groups. However, the Sn-Prn length was slightly increased in 
the UCLP and BCLP groups, and this could be the cause of these 
findings. Another noteworthy finding from the proportional 
measurements was the ratio of upper-lip length to lower-lip 
length. This ratio was decreased in the UCLP and BCLP patients. 
Because the lower-lip length was similar among all groups, 
it was thought that this result was due to the shorter length 
of the upper lip in the UCLP and BCLP patients [45,47,53,66].

Various facial volumetric measurements have been intro-
duced [43,46,67]. In the present study, the upper-lip surface 
volume was significantly lower in the Class III, UCLP, and BCLP 
groups as compared to the Class I control group. The sagittal 
and transversal maxillary deficiency seen in these 3 groups and 
the surgical operations on the UCLP and BCLP patients might 
have caused the decrease of the upper-lip surface volume. 
Ferrario et al. showed that the upper-lip surface volume was 
slightly reduced in UCLP and BCLP patients, but the find-
ings were not statistically significant [66]. The sample size in 
Ferrario’s study was 18 (13 UCLP, 5 BCLP) and might not have 
been large enough to detect a change. Other volume measure-
ments in our study, such as the upper-lip and paranasal surface 
volume – with and without the nasal surface volume – were 
less than in the Class I control group in the Class III, UCLP, and 

BCLP groups. In the skeletal Class III, UCLP, and BCLP patients, 
the sagittally and vertically developmental deficiency of the 
maxilla [68–70] leads to a decrease in the upper-lip and pa-
ranasal surface volume.

One of the limitations of this study was the similarity of the 
age range to that of previous studies [49,71,72]. However, the 
minimum, maximum, and mean ages of the groups were sim-
ilar and allowed them to be compared. For further studies, 
designing subgroups-based growth periods will enable more 
accurate results from the evaluation of the nasolabial area.

Conclusions

The nasolabial changes seen in UCLP and BCLP patients were 
especially remarkable. The nose width, nasal floor width, and 
subalar width were increased significantly in the UCLP and 
BCLP patients, and this increase was more severe in the BCLP 
patients. The upper lip was found to be affected in the Class 
III, UCLP, and BCLP patients. Measurements that related to 
vertical upper-lip lengths generally did not differ significantly 
among the Class III, UCLP, and BCLP groups. In these groups 
the upper lip was shorter than in the Class I control group. 
However, it was surprising that the nasal surface volume was 
similar among these groups.

The use of 3DMD images will facilitate the assessment of cra-
niofacial anomalies by orthodontists, maxillofacial surgeons, 
and plastic surgeons. This study aimed to provide the basis for 
a further longitudinal study that analyzes the similarities and 
differences between different cleft types and skeletal Class III 
malocclusion. Further studies in which patients are divided 
into subgroups according to skeletal maturation periods are 
important for a more accurate and detailed understanding of 
the facial soft tissues of craniofacial anomalies such as Skeletal 
Class III, UCLP, and BCLP.
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