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ABSTRACT

Background: The soft tissue thickness is affected by anterior posterior skeletal relationship. This study has been
designed to evaluate the soft tissue thickness among different anterior posterior skeletal classifications.

Material and Methods: In this cross-sectional study, 206 digital lateral cephalometric radiographs from patients
undergoing treatment at several orthodontic clinics were evaluated. The skeletal group was determined by the
ANB angle. The planned points were determined on digital radiographs using the Digimizer.V4.1.1.0 and then the
measurements were done. Data were analyzed by Kruskal-Wallis, Mann-Whitney, Pearson Correlation and
Spearman tests.

Results: Significant difference showed between soft tissue thickness at Subnasale between class | and Il, at
Subnasale, Labrale Superius, Stomion Superius, Stomion Inferius between class | and Il and at Subnasale,
Labrale Superius, Stomion Superius, Stomion Inferius, between class Il and Ill. Among the women, soft tissue
thickness at subnasale were higher in class | group compared to class Il, Subnasale, Labrale Superius, Stomion
Superius, Stomion Inferius were higher in class 11l compared to class | and at Labrale Inferius was higher in class
Il compared to class Ill. Among the men, soft tissue thickness at Stomion Superius, Stomion Inferius and Labrale
Superius were higher in class Il group compared to class | and I1.

Conclusion: We established that soft tissue thickness in some landmarks were significantly different between
skeletal groups and gender. There is a correlation in soft tissue thickness and skeletal relationship at Stomion
Inferius, Subnasale, Labrale Superius, Stomion Superius.

Keywords: Soft Tissue, Skeletal Classification, Cephalometry

INTRODUCTION

Soft tissue evaluation is essential in the diagnosis and
treatment planning of patients under orthodontic treatments
or maxillofacial orthognathic surgeries. Hence, knowledge
regarding the normal conditions of soft and hard tissues is
necessary for establishing facial aesthetics and creating
functional occlusion.!

Soft tissue thickness has received much more
attention since the advent of soft tissue paradigm in
orthodontics.? In addition, soft tissue has recently been
proposed to be used in facial restorations to identify
individuals based on the skull remnants in forensics.3

New techniques of facial modelling such as two-
dimensional, manual three-dimensional and computer
three-dimensional methods that reconstruct facial muscles
and structure according to the depth of soft tissue at
specific points of the skull have been proposed. These
techniques are frequently used in corrective facial
surgeries.* 5 Thus, determining the thickness of soft tissue
at various parts of the face is highly important.

There are five methods for measuring soft tissue
thickness as follows: 1. Needle puncture: measurement by
the insertion of graded needles in the tissue of the corpse,®
2. Ultrasonography,” 3. X-ray (lateral cephalogram is a
standardized, reproducible and routine radiograph for
diagnosis and treatment planning in orthodontics® as was

used in this study), 4. Magnetic resonance imaging (MRI),°
and 5. Computed tomography (CT).® These methods have
advantages and disadvantages of their own, and none can
be considered as the most superior technique. Studies
have shown that soft tissue thickness is influenced by the
following parameters:

. Age (adult or child) and gender: soft tissue thickness
is higher in men than in women on average.'%11

. Race: for each population, the indices appropriate for
that population should be used.?

. Vertical growth pattern: soft tissue is thinner in long-
faced people 3.

. Anterior-posterior skeletal classifications: in
orthodontics, people are classified into three skeletal
classes based on the anatomical relationship between
maxilla and mandible’* and Various studies have
reported differences in soft tissue thickness in similar
races among these three classes.>16
Edward Angle classified dental malocclusion into four

classes, namely normal malocclusion, class | malocclusion,

class Il malocclusion and class Il malocclusion.” This
classification can also be used for patients’ skeletal
conditions based on the anterior-posterior position of the
maxilla and mandible relative to one another.

In a study of a Brazilian population, no significant
difference was found in soft tissue thickness among
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patients with anterior-posterior skeletal problems, but there
were differences at the upper lip, stomion and pogonion
points among those with class Il and Il malocclusion.!® In
another study among a Japanese population, different soft
tissue thicknesses were observed among various skeletal
classes in the two genders at subnasal, stomion and upper
lip areas, and these differences were found to be more in
women than in men.!® Further, a study of a local Turkish
population showed differences among various skeletal
classes at the upper and lower lips and stomion point, and
the mean soft tissue thickness was higher in men than in
women.?® Moreover, a research conducted in Pakistan
confirmed that the mean soft tissue thickness was higher
among men than women, and this difference was found to
be more in skeletal classes Il and lll than in class I.%
Furthermore, a study carried out on an Anatolian
population demonstrated differences between skeletal
classes in both genders, and these differences were more
dependent on gender than on skeletal class.??

As stated, generalizing information of populations with
different races is not strategic in treatment contexts. Also,
there is a shortage of data concerning the Iranian
population in this regard. Thus, the present study was
aimed at evaluating soft tissue thickness in different
anterior-posterior skeletal classifications.

MATERIAL AND METHODS

This descriptive cross-sectional study was preformed using
206 lateral cephalometric radiographs of patients under
treatment in several orthodontic clinics in Isfahan, Iran. The
frequency of data is presented in Table 1.

Sample preparation: The inclusion criteria were as
follows: 1) patients’ lateral cephalometric radiographs with
class Il and 1l skeletal classification based on
cephalometric parameters and skeletal class | with dental
problems who had lateral cephalometry in their clinic files;
2) no evidence of previous orthodontic treatment or
surgery, 3) high-quality cephalometric radiographs for
landmark identification, 4) no skeletal asymmetry, and 5)
age range of 18-30 years?? or vertebral maturation after
stage CSe when lateral cephalometry was taken.

The samples with the following characteristics were
excluded from the study: 1) presence of abnormal vertical
facial relations (normal range: mandible plane angle (MPA)
of 21-2892% and 2) lips not being at rest in lateral
cephalometric radiographs.

Skeletal classification was performed by ANB angle,*>
22, 24 which indicates the relations between maxilla and
mandible. Another anterior-posterior index measured in this
study was A-B plane to facial plane angle. As for ANB
angle, the following numerical figures were considered:?3
Class I, ANB angle = 0-4°
Class Il, ANB angle > 4°
Class Ill, ANB angle < 0°.

After  classification of lateral cephalometric
radiographs, the study points were determined by an
orthodontist on digital radiographs using Digitizer. V4.1.1.0
(a free software produced by MedCale Software, Belgium
and the U.S.) (http://www.digimizer.com/manual/a-
licenseagreement.php), a software for the analysis of digital
images.?® Then, the distances were measured by a trained
dental student according to what follows. Further, to

prevent observer bias, all cephalograms were encoded;
therefore, the observer was blinded to the patients’
information during the measurements (Figure 1).

To assess intra-observer error, cephalometric X-ray
films from 30 subjects were selected randomly, and the
measurements repeated were by a single practitioner at 3-
week intervals. Intraclass correlation coefficient was
greater than 0.9 for all the measurements. The points,
distances and measurement method are demonstrated in
Figure 1.

The methods for soft tissue thickness calculation at
the given points were as follows:

Points 1, 2, 3 and 9: the shortest distance from the given
point on the bone to the soft tissue on it, which was
measured on the line parallel to the Frankfort horizontal
plane®.

Point 4: the distance between point A and subnasal point.
Point 5: the distance between prosthion and labrale
superius

Point 6: a line parallel to the Frankfort horizontal plane
was drawn from stomion point, and then the given distance
at the intersection of this line and the labial surface of
incisors was measured. When the lips were separated, the
distances between the upper and lower stomions and labial
surface of the incisors of the same jaw, as mentioned
above, were measured.

Point 7: the distance between infradentale and labrale
inferius.

Point 8: the distance between point B and the deepest
point of the labiomental crease.

Point 10: a line perpendicular to the Frankfort plane was
drawn from the given point on the bone and was extended
to the opposite side to cross the soft tissue. This distance
was then measured.

To take full advantage of image contrast and to
improve the quality of observations, all the measurements
were carried out in a room with dim light, and contrast and
brightness tools in the software were used.

Statistical analysis: Soft tissue thickness values were
divided by the size of SN line for allowing image calibration
in the cephalometric analysis.

Kolmogorov-Smirnov test was run to determine the
normality of the data, indicating the data was not normal.
Therefore, non-parametric tests were run. Kruskal-Wallis
and Mann-Whitney U tests were used to compare the
means between genders and skeletal classes. Spearman
and Pearson correlation coefficient tests were employed to
analyze the difference in soft tissue thickness and
correlation of data between skeletal classes. A P-value of
less than 0.05 was considered significant.

RESULTS

The results of Kruskal-Wallis test showed a significant
difference between the two genders at stomion, stomion
superius, labrale superius and subnasal inferius points
(p<0.001). Also, the Mann-Whitney test indicated significant
differences in soft tissue thickness between classes | and Il
at subnasal point (p=0.002), between classes | and Il at
subnasal, labrale superius, stomion superius and stomion
inferius points (p<0.001) and between classes Il and Il at
subnasal, labrale superius, stomion superius and stomion
inferius points (p<0.001).
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The frequency of data and results of Mann-Whitney
test for comparison of the mean values of soft tissue
thickness divided by the size of SN line between the two
genders in each skeletal class are presented in Table 1.
Also, the results of Mann-Whitney regarding the
comparison between skeletal classes according to gender
are shown in Table 2.

The findings of Spearman test showed significant
differences between different skeletal classes in terms of
soft tissue thickness at subnasal (p=0.001, r=0.230),
labrale superius (p<0.001, r=0.287), stomion superius
(p=0.001, r=0.233) and stomion inferius (p=0.001, r=0.235)
points. As shown, the correlation coefficient (r) rate of data
was low; therefore, despite the significant differences, the
correlation of numerical values of soft tissue thickness at

the aforementioned points of the skeletal classes was not
considerable.

The results of Pearson correlation test indicated
significant differences in soft tissue thickness between
skeletal classes at subnasal (p<0.001, r=-0.460), labrale
superius  (p<0.001, r=-0.373) and stomion superius
(p<0.001, r=-0.315) points, and there was a small negative
correlation between numerical values of soft tissue
thickness and numerical values of skeletal -class
determinant (ANB). Moreover, this test indicated a
significant difference in soft tissue thickness between
skeletal classes at labrale inferius (p=0.002, r=0.217) and
labiomental (p=0.004, r=0.202) points, but there was a
small positive correlation between the aforementioned
indices.

Table 1. Mean values of soft tissue thickness divided by the size of SN* line and standard deviations between the two genders in each

skeletal class

Group Gender N Mean (*) Standard deviation | P value
s e 1 —
Glabella Class Il :\:g:;ale ig 88;23 ggﬁgi 0.440
oo tonte a2 —foom oo .,
B S — Y 007525 0111
T e R
I e
B — R 0 1024 0015
Rhinion Classl| ,fg:;a'e > 2398 oo 0.046
ass | tene a1 —oows ——fooues T,
Classl g o1 osero 002173 0001
Subnasale Classl| 'I\:Aearlr;ale ig 82138 88212(2) 0.007
T e
Labrale Superius Class| ’l\:/g:;ale ‘21:; 8;?23 gggggg 0.001
Classl! Female 54 0.1865 0.02593 0.379

Table 2. Comparison of soft tissue thickness values divided by the size of SN line among skeletal classes according to gender

Male 10 0.2050 0.02991
L s e —
B - — T —C Dos1es 0015
Stomion Superius Classll :\Zglréale ig ggggg gggggi 0.174
oo [Lemae [z fouzs —fossuz T,
Classl [ yaie o o1010 003223 0023
Stomion Inferius ClasslI ,'\:Ai':;a'e ig 8:32% é:ggiég 0.936
I s E— —
Labrale Inferius Classl :\Zglréale ‘21:; gggg 885232 0.095
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Female 54 0.2239 0.02536
Classl| Male 10 0.2310 0.03107 0.821
Female 42 0.2057 0.02586
Classlll Male 26 0.2231 0.02782 0.020
* given the division of soft tissue thickness values by the size of SN line, the mean data lack a measurement unit.
Class 1 VS I Class 1 VS 1lI Class Il VS I
Male Female Male Female Male Female
Glabella 00502 00922 00197 00830 00083 00881
Nasion 00416 00930 00917 00570 00309 00609
Rhinion 00524 00338 00306 00987 1.000 00488
Subnasale 00187 00016 00337 00006 00050 P <0.001
Labrale Superius 00050 00939 00045 00012 00001 00023
Stomion Superius 00538 00399 00002 00076 0003 00029
Stomion Inferius 00160 00484 00018 00063 00007 0.027
Labrale Inferius 00538 00101 00676 00275 00752 0.017
Labiomentale 00823 00865 00668 00191 00597 00194
Pogonion 00190 00402 00741 00225 00123 00651
Gnathion 00975 00580 00090 00308 00089 00798

——

Point 7

N

|

Point 9

—
Point 10

DISCUSSION

Facial reconstruction is aimed to identify unidentifiable
corpses, and reconstruction of the soft tissue of the skull
increases the possibility of facial identification. All the
reconstruction techniques used in forensics are based on
soft tissue thickness; therefore, such measurements are
inevitable.?* To this end, it is necessary to know the mean
thickness of soft tissue in specific areas of the face. This
requires establishing a relationship between the measured
dimensions and age, gender and race.?® Hence, in the
present study, the mean values and standard deviations of
soft tissue thickness in the aforementioned regions for
different skeletal classes and both genders among an
Iranian population were measured (Table 1).

As indicated in tables 1 and 2, the comparison of
mean values among different skeletal classes showed
significant differences only at sub nasale, labrale superius,
stomion superius and stomion inferius points. Utsuno et al.

reported differences in soft tissue thickness at labiomental,
labrale superius, subnasal and pogonion points in a
Japanese population. The difference between the results of
that study and our findings may be due to racial
differences. A review of articles in this regard reveals
differences related to race and ethnicity.?’

Skeletal classes | and Il are more similar to each
other in terms of soft tissue thickness compared to class lIl.
Also, in people with class Il skeletal pattern, soft tissue
thickness at subnasal, labrale superius, stomion superius
and stomion inferius points was higher than in other
skeletal classes; this difference may be associated with
genetic or environmental factors such as soft tissue
compensation for covering or adapting to the skeletal
status. Earlier in 2014, Pithon et al.*® performed a study of
300 Brazilian children aged 8-12 years, and in contrast to
the current study, concluded that soft tissue thickness at
the pogonion point was greater among those with class Il
skeletal complications. They reported the possible cause of
this difference could be associated with genetics. The study
of Utsuno et al.!® in 2014 among a Japanese population
showed similar results to those of this study. They
compared different skeletal classes and concluded that soft
tissue thickness was higher in areas with lower skeletal
growth.

Further, Kamak et al.2° observed reduced soft tissue
thickness at regions with higher skeletal growth (e.g.,
labrale inferius in people with class Il skeletal pattern), and
proposed a theory on the effect of the position of middle
incisors on soft tissue thickness. Moreover, WaqarJeelani
et al.?* in a research on a Pakistani population found that
the soft tissue thickness at glabella point in patients with
class Il skeletal pattern was higher. They attributed this
issue to mandibular prognathism due to the high secretion
of growth hormone. Also, they reported increased thickness
of soft tissue at labrale superius, subnasal and stomion
points in class Il skeletal pattern, confirming the results of
the present study. They considered the possible cause of
this increase to be related to the camouflage activity of soft
tissue in adaptation with skeletal discrepancy.

The results of Uysal et al.?® demonstrated a significant
difference between male and female patients in soft tissue
thickness at pogonion, labrale inferius, labrale superius,
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and menton points. Furthermore, this difference in
thickness was higher in men than in women. One of the
objectives of this study was to compare soft tissue
thickness between the two sexes. The obtained findings
showed that soft tissue thickness at labiomental, pogonion
and gnathion points in class | skeletal pattern was lower in
women than in men; this difference was significant at
subnasal, labrale superius, stomion superius, stomion
inferius, rhinion and nasion points. Hence, these
differences in soft tissue thickness should be considered
during facial reconstruction. Also, soft tissue thickness at
areas diagnosed to be insignificant based on a special race
can be used in facial reconstructions related to the same
race. The study of WagarJeelani et al.?! among a Pakistani
population indicated similar results for labrale superius,
subnasal, nasion and labrale inferius points.

As mentioned earlier, in these analyses age was
proposed as an influential factor; thus, the samples in this
study were aged 18-30 years and were in CS6 stage in
terms of vertebral maturation.

A factor affecting soft tissue thickness is the presence
of vertical discrepancies in skeletal relations. For example,
the study of Uysal et al.?8 in 2009 on a Turkish population
showed differences in soft tissue thickness between male
and female cases at pogonion, labrale inferius, labrale
superius and menton points. In other studies, soft tissue
thickness in male patients was significantly more than in
female patients.?® 30 In 2012, Kamak et al.?° carried out a
study on a population with the same race and concluded
that soft tissue thickness at labiomental, glabellas, and
pogonion points was higher in men. The discrepancy in
results of these two studies may be associated with
disregarding skeletal vertical relations in the second study.
In the present study, normality of the vertical dimension
was a criterion for inclusion in the study.

All the analyses in this study were performed digitally
by Digimizer. V4.1.1.0 software.?® The use of some
features of this software such as magnification and
changing the brightness and contrast of images provided
the observer a better vision and more accuracy, minimizing
the errors and facilitating the research procedures.

By dividing the measured values by the size of the SN
line, the problems of magnification and body size of the
samples were controlled. Based on the results of this study
and similar ones on other populations, subnasal, labrale
superius and stomion are the most diverse points among
the studied populations'®2! and have the minimum capacity
for reconstruction. Therefore, more accurate studies are
suggested to be conducted on these points.

Arriving at a general conclusion based on a few
studies is impossible. Moreover, the findings of various
studies on populations with different racial backgrounds
cannot be generalized. On the other hand, the impossibility
of longitudinal studies in this regard because of ethical
considerations in the preparation of radiographs from the
study samples has always been a major limitation for the
expansion of studies in this regard. Despite the difficulty in
finding larger samples and the need for more time and
accuracy to conduct studies on larger sample sizes, similar
studies are recommended to be carried out on separate
races (especially on Iranian race owing to the shortage of
similar studies) with similar samples and growth-related

aspects but without differences caused by surgeries to
obtain more reliable results.

CONCLUSIONS

1. There was a significant difference between different
skeletal classes at subnasal, labrale superius,
stomion superius and stomion inferius points.

2. There were significant differences in soft tissue
thickness between classes | and Il at subnasal (class
I>class Il), between classes | and Ill at subnasal,
labrale superius, stomion superius and stomion
inferius points (class llI>class I) and between classes
Il and Il at subnasal, labrale superius, stomion
superius and stomion inferius points (class llI>class
).

3. There was a significant difference in soft tissue
thickness in class I, which was lower in women than
in men except for labiomental, pogonion and gnathion
points. This difference was significant at subnasal,
labrale superius, stomion superius, stomion inferius,
rhinion and nasion points.

4. There was a significant difference in women between
skeletal classes | and Il at subnasal point (class
I>class II), between classes | and Ill at subnasal and
labrale superius points (class llI>class 1) and between
classes Il and Il at subnasal, labrale superius,
stomion superius, stomion inferius (class Ili>class II)
and labrale inferius points (class lI>class IlI).

5. There was a significant difference in men between
skeletal classes | and Il at labrale superius, stomion
superius and stomion inferius points (class llI>class I)
and between classes Il and Il at labrale superius,
stomion superius and stomion inferius points (class
IlI>class II).

6. There was a small positive correlation between the
numerical values of soft tissue thickness and skeletal
class.

7. There was a small negative correlation between the
numerical values of soft tissue thickness and
numerical values of the skeletal class determinant
(ANB) at subnasal, labrale superius and stomion
superius points and a negligible positive correlation
between the aforementioned indices at labrale inferius
and labiomental points.
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