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ABSTRACT
Cephalometric analyzes play an important role in determining the individual's skeletal and dental structure, soft tissue and their
relationship to each other. Visual cephalometric analyzes are primarily based on determining the fitness between mid-face and
maxilla, then positioning the mandible relative to the midface. Thus, as in the other cephalometric analyzes, changes related to the
treatment and development of the current state of the individual are determined. In the study we aimed to reveal sex-related changes
of four different angles and compare them with the norm.
This study was performed on right lateral cephalometric views of 80 healthy (40 women, 40 men) Turkish individuals in Anatolia
aged 21-71, with Class I skeletal (ANB=2.19±1.43). In all images, angles formed by long axis of the upper incisor and palatal plan
(U1/PP); the long axis of the lower incisor and mandibular plan (A1/MP); the long axes of the lower and incisor (U1/A1); the palatal
plan and mandibular plan (PP/MP) were analyzed.
The PP/MP value of women was found to be significantly higher than men’s (p<0.01), while no significant difference was found
between the U1/PP, A1/MP and U1/A1. Statistically significant negative correlations were found between correlations of all angular
measurements in both genders (p<0.05).
As a result, gender should also be considered as another factor beside the knowledge of angles of U1/PP, A1/MP, U1/A1 and
PP/MP in orthodontic diagnosis and treatment planning. Our work continues by increasing the number of data.
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Introduction
Cephalometric analyzes play an important role in
determining the individual's skeletal and dental
structure, soft tissue and their relationship to each
other. Visual cephalometric analysis was introduced
by Fastlicht in 2000 and it has been argued that errors
can be reduced by using cranial reference planes (1).
Visual cephalometric analysis is based primarily on
the positioning of the mandibular according to the
mid-face to determine the mid-face maxilla fit. It also
introduces dental camouflage for maxillomandibular
contact. Thus, as in other cephalometric analyzes, it is
possible to determine the current state of the
individual, and to determine changes related to
treatment and development (2). The cephalometric
analyzes are mainly focused on skeletal relations and
are defined by a number of variables. When assessing
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facial incompatibilities, the values of individuals with
a good occlusion are compared with the
cephalometric data obtained from the patient.
Cephalometric analyzes facilitate the planning of
treatment while using individual assessments, as well
as facilitate communication between colleagues and
teaching treatment methods (3). Cephalometry is the
standard lateral graft used to assess bone and soft
tissue in the head and neck region (4). Recently,
cephalometry as a diagnostic tool has become an
indispensable assistant to disciplines such as
orthodontics, jaw surgery and prosthodontics (5).
Various analyzes have been developed by different
researchers in order to be able to define qualitative
and quantitative aspects of facial profiles with the
introduction of cephalometric films (6). Cephalometry
is also an important tool used for face identification
purposes (7). In the events like death, loss and in the
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Fig.1. Visual cephalometric views used in the study

Fig.2. Distribution of PP/MP angle by gender

identification of the criminals; facial characteristics
can be used for good identification. The face can be
used to compare a photograph to reveal the face of a
dead person using both morphological features and
measurements, or to compare a photograph in case of
misidentification or in case of missing persons (8,9).
The proportions of human body vary depending on
geography, race and age factors. Therefore,
anthropometric and cephalometric studies conducted
by many researchers are based on criteria such as
racial groups, age and gender (10,11,12). Comparison
of anthropometric and cephalometric results for
healthy and sick individuals are used at forensics,
plastic surgery, oral surgery, pediatrics, dentistry (12).
In this study, we aimed to reveal and compare genderrelated changes of Class I individuals in four different
cephalometric angles that were not previously done in
our country.

Plancema Cephalometry (PM 2002 EC Proline,
Helsinki, Finland) device was used for each patient's
images and evaluation of all images was done by the
same investigator. All of the obtained cephalometric
X-ray images were recorded in TIFF format in the
computer and Image-J program was used for tissue
parametric measurements. The 'angle tool' function is
selected at the beginning of the measurements and all
images taken from selected angles which are the angle
of the long axis of the upper incisor with the palatal
plan; U1/PP, the angle of the long axis of the lower
incisor with the mandibular plan; A1/MP, the angle
between the long axes of the lower and upper incisor;
U1/A1, and the angle between the palatal plan and
mandibular plan; PP/MP. All measurements were
made and the measurement parameters are shown in
(Figure 1). After each measurement, results were
obtained from the 'Analyze> Measure' section. All
data is stored in Image-J data and then transferred to
Microsoft Excel program in electronic environment.
Statistical Analysis: When evaluating the findings
obtained in this study, IBM SPSS Statistics 22 (SPSS
IBM, software was used for statistical analysis. The
normal distribution fitness of the variables was
assessed by the Shapiro Wilks test and the data were
found to be fit to normal distribution. Descriptive
statistical methods (mean, standard deviation,
frequency) and Student-t test were used in the intergroup evaluations when evaluating the study data.
Pearson Correlation Analysis was used to evaluate the
relationship between measurements. Significance was
evaluated at the level of p <0.05.

Materials and Methods
This study was carried out between the dates of 20112013, and performed on right lateral cephalometric
images of 80 healthy people (40 women, 40 men) with
Class I skeletal (ANB=2.19±1.43) structure who
applied to Çukurova University and Baskent
University (Adana) Orthodontics of School of
Dentistry Faculty. These images were selected from
the cephalometric views of the master thesis project
no: TF2013YL13. People who previously had
orthodontic treatment, surgical procedures, congenital
anomaly, abnormal growth and development, and
trauma history were not included in the study. In
addition, attention has been paid to the fact that the
individuals included in the study have no missing
teeth and that cephalometric films are of good quality.
Besides of these, all participants and their families
were chosen as people living in Turkey and Anatolia.
All images of cephalometric X-ray films were
obtained under standard conditions, the teeth of
subjects were in the centric occlusion, Frankfort
Horizontal plane were against parallel to the floor, in
the right side and the opposite side of subjects.

Results
Our study was performed on the right lateral
cephalometric images of 80 healthy subjects, 50%
(n=40) women and 50% (n=40) men. The ages of the
individuals ranged from 21 to 71 years and the mean
age was 42.61±14.05 years. 30% of the individuals
(n=24) were under 30 years old, 70% (n=56) were
The results of all angular measurements are shown in
table 2. No statistically significant difference was
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Table 1. The distribution of general characteristics of individuals (n=80)
Min-Max
21-71
n
24
56
40
40

Ages (years)
Age groups
Gender

<30 years
≥30 years
Women
Men

Ave±SD
42.61±14.05
%
30.0
70.0
50.0
50.0

Table 2. The distribution of angular measurements of individuals (n=80)
Min-Max(0 degree) Ave±SD
95.33-132.11 (111.57±6.81)
71.15-96.70 (82.17±5.42)
124.41-166.22 (140.58±8.25)
19.42-33.92 (26.46±3.08)

U1/PP
A1/MP
U1/A1
PP/MP
Table 3. Evaluation of angular measurements by age groups
Angular Measurements
U1/PP
A1/MP
U1/A1
PP/MP

Age Groups
<30 years (n=24)
≥30 years (n=56)
Ave±SD
Ave±SD
112.51±7.22
111.17±6.65
81.61±5.01
82.42±5.61
139.16±8.69
141.19±8.06
25.65±2.46
26.81±3.27

T

p

0.805
-0.608
-1.006
-1.562

0.423
0.545
0.318
0.122

Student-t Test

over 30 years old; 50% (n=40) women, 50% (n=40)
men (Table 1).
found between the U1/PP, A1/MP, U1/A1 and
PP/MP values according to age groups (over 30 years
old or under 30 years old) (p>0.05) (Table 3).
Comparison of cephalometric measurements and
genders showed that there was no statistically
significant difference between the values of U1/PP,
A1/MP and U1/A1 (p>0.05) but angle of PP/MP of
the women was higher than that of the men (p: 0.002;
p<0.01) (Table 4 and Figure 2).
In Women: A statistically significant correlation was
found between the U1/A1 and U1/PP cephalometric
measurements in the negative direction at 51.6% level
(r:-0.516, p: 0.001; p<0.01) (Table 5).
A statistically significant correlation was found
between the PP/MP and U1/PP cephalometric
measurements in the negative direction at 31.1% level
(r:-0.311, p: 0.048; p<0.05) (Table 5).
A statistically significant correlation was found
between the U1/A1 and A1/MP cephalometric
measurements in the negative direction at 51.4% level
(r:-0.514, p: 0.001; p<0.01) (Table 5).

In Men: A statistically significant correlation was
found between the U1/A1 and U1/PP cephalometric
measurements in the negative direction at 38.9 %
level (r:-0.389, p:0.013; p<0.05) (Table 5).
A statistically significant correlation was found
between the PP/MP and U1/PP cephalometric
measurements in the negative direction at 33.3% level
(r:-0.333, p:0.036; p<0.05) (Table 5).
A statistically significant correlation was found
between the U1/A1 and A1/MP cephalometric
measurements in the negative direction at 42.4% level
(r:-0.424, p:0.001; p<0.01) (Table 5).
As a result of all the correlation analyzes, the highest
correlation was found between U1/A1 and U1/PP
values at 51.6% (Figure 3).

Discussion
Cephalometry was used before the science of
orthodontics on anthropometric studies and
examination of craniofacial development by making
measurements on skulls. (13). In later years, this
method was also used to determine congenital
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determining the position of the upper incisor in the
maxilla (24). An ideal angulation with respect to the
upper incisor base is an important condition for
occlusion.
Fastlicht reported that the average value of this angle
is 110° (1). According to Sangcharean and Ho, a
change of 20° in the value of U1/PP angle causes a
molar change of 1.8 mm in relation (25). In our
study, the average U1/PP angle was 111.57±6.81°
and the result was consistent with the mean value
determined by Fastlicht for this angle. Abdulazeez
and Köklü investigated the norms of Turkish society
and this value is 109.70±5.62°, which corresponds to
our study (2).
According to Fastlicht, adjusting the angle to 90°
between the long axis of the lower incisor and the
mandibular plan (A1/MP) is the main goal of every
orthodontic treatment (1). For this reason, many
researchers are planning orthodontic treatment
considering A1/MP value. In our study the average of
the A1/MP angle was determined as 82.17±5.42°. In
a study investigating the norms of Turkish society, it
was stated that this angle was 96.76±5.1° (2). In
another study investigating the norms of Turkish
society, the average A1/MP angle was 94.23±1.80° at
rest (26). When we compare the results of our work
and the norms of Turkish Society with Fastlicht
findings, we can say that the angle of the long axis of
the lower incisor with the mandibular plan is smaller
than that of Fastlicht while the norm of the society is
larger than Fastlicht's.
The angle (U1/A1) between the long axes of the
lower and upper incisor correlates the position of the
upper incisor with the position of the lower incisor
(27). Fastlicht found that the mean value of this angle
is 130°. When we consider Turkish society norms, we
can say that this angle is 131.41±7.88° and it overlaps
with the angular value that Fastlicht determined (1,2).
When we consider results of our study against all
these results, the mean value of the U1/A1 angle was
found to be 140.58±8.25° and it was found to be
larger than both the average value determined by
Fastlicht and the norm of our society. According to
these results, we can state that there is a wider angle
between the upper incisor tooth and the lower incisor
tooth in the population that we investigated, and we
think that the result should be considered in the
treatment plan according to the normal norm
evaluation.
The PP/MP angle is the angle between the palatal
plane and the mandibular plane and is an important
criterion in determining the tendency to vertically
anomaly (28,29,30,31,32,33). Fastlicht found that the
average value of this angle is 30°. In our study, the
average value of the PP/MP angle was determined as

Fig. 3. Distribution of the relation between U1/PP angle
and U1/A1 values by gender

craniofacial deformities, evaluation of the
developmental process, orthodontic diagnosis and
treatment process, and information during aesthetic
surgical approaches. (14,15). In 1931, with the
introduction of cephalometry, many researchers
developed their own analytical methods to evaluate
different parameters in orthodontic science
(13,16,17,18). Each researcher determined the norm
values of the measurements they used in
cephalometric analysis for their societies. From this
point, it is stated that direct application of
cephalometric norms obtained for one race to
individuals belonging to another race may cause
incorrect evaluations. For this reason, separate
cephalometric standards need to be introduced for
each society (19,20,21). It is an important issue to
investigate sex characteristics and to determine the
gender differences in order to be able to reveal the
norm values of societies (22,23). In this study, we
aimed to reveal the sex-dependent changes of four
different cephalometric values and to compare them
with the norm.
The middle region of the face is regarded as an
important area because it is a focus of interest at first
sight. Therefore, the disproportion and symmetry
disturbances observed in this region affect the view
more negatively. There must be standard norms for
any approach that is planned to correct this situation.
In this regard, many researchers have attempted to
reveal sex-related differences by making different
cephalometric measurements on the face and midface regions. According to Burstone et al., the U1/PP
angle, the angle of the long axis of the upper incisor
with the palatal plan, is an ideal measurement for
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Table 4. The distribution of cephalometric measurements by gender
Gender
Women (n=40)
Ave±SD
111.56±6.67
81.44±6.57
140.09±9.31
27.49±2.99

U1/PP
A1/MP
U1/A1
PP/MP

Men (n=40)
Ave±SD
111.58±7.03
82.90±3.90
141.07±7.11
25.44±2.86

t

p

-0.018
-1.209
-0.533
3.138

0.986
0.230
0.595
0.002**

Student-t Test
**p<0.01

Table 5. The correlation assessment of cephalometric values in women and men
Gender

Women

Men

U1/PP
A1/MP
U1/A1
PP/MP
U1/PP
A1/MP
U1/A1
PP/MP

U1/PP
r; p
1
0.199; 0.466
-0.516; 0.001**
-0.311; 0.048*
1
-0.168; 0.300
-0.389; 0.013*
-0.333; 0.036*

Angular Measurements
A1/MP
U1/A1
r; p
r; p
1
-0.514; 0.001**
1
-0.279; 0.081
0.092; 0.572
1
-0.424; 0.006**
1
0.008; 0.0960
-0.049; 0.763

PP/MP
r; p
1
1

Pearson Correlation Analysis
*p<0.05 **p<0.01

26.46±3.08° and was found to be close to the mean
value determined by Fastlicht. When we consider the
norms of Turkish society, it is determined that the
angle between the palatal plane and the mandibular
plane is 22.13±4.64° (2). In this case it can be stated
that the angle between the jaw supports increases in
the individuals with the mandibular anterior rotation
model with increased posterior facial height, while it
decreases in the posterior rotation model with
increased anterior facial height (34).
In addition to researchers indicate that gender
differences are important in cephalometric analysis,
there are also researchers who argue that gender
differences do not play an important role in
cephalometric measurements in their studies
(15,20,35). In the analysis of the cephalometric
angular measurements, we showed that there is no
sex-dependent difference between the U1/PP,
A1/MP, U1/A1 angular measurement averages.
(p>0.05). On the other hand, the mean of the
maxillomandibular angle (PP/MP) in women was
found to be significantly higher than that of men. (p:
0.002; p<0.01).
In the studies, maxillomandibular angle (PP/MP) was
correlated negatively with angular and dimensional
measurements that determine the sagittal positions of

both maxillary and mandibular, and correlated
positively with measurements with vertical growth
(36,37,38). In another study, it was stated that the
value of the angle (U1/PP) of the upper incisor with
the palatal plane correlated positively with all the
measurements that determine the lower jaw position
(2). In our study, negative correlation was found
between all angular measurements in both genders
and all correlations were statistically significant.
(p<0.05) (Table 5). Similar to our study, Abdulazeez
and Köklü reported that the U1/A1 angle (angle
between the incisors) showed a negative correlation
between measurements in the vertical direction (2).
Also in another study, correlatively our results, the
angle between the lower incisor and the mandible
(A1/MP) correlated negatively with both the size
increase of the mandible and the positioning of the
mandible (39).
Based on the results of this study; in addition to
knowing the values of U1/PP, A1/MP, U1/A1 and
PP/MP, gender should also be taken into account in
such practices like surgical approaches, determining
the most appropriate facial harmonics correctly, jaw
surgery and aesthetic surgery applications, diagnosis
and treatment, planning the outcome of surgical
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outcomes. Our work continues by increasing the
number of data.
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