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Objectives: The correct classification of orthodontic patients is essential in individualized diagnostics and treatment planning.
However, due to the complexity of the craniofacial skeleton and differences related to gender, age, and ethnicity, cephalometric
analysis can be prone to errors. This multicenter, cross-sectional study aimed to compare cephalometric measurements between
skeletal class I and II in German orthodontic patients and analyze the effect of gender/age subgroups.

Materials and Methods: In total, 556 German orthodontic patients were included and stratified into skeletal class I (n=210) and IT
(n=346), based on the individualized ANB of Panagiotidis and Witt (Calculated_ANB). Both classes presented a mean age of 13
with a range of 6.6—41 years and 5.4-53 years in classes I and II, respectively. Regarding the gender variations, most participants
were females, n =194 (56%) among class I, and n =125 (60%) among class II. Cephalometric parameters were compared between
classes and among age and gender-specific subgroups, followed by identifying correlations and performing principal component
analysis (PCA).

Results: Class II patients presented a more considerable sagittal discrepancy between jaw bases than class I cases (Calculated_ANB
2.8°vs. 0.025°), a more horizontal growth pattern (Gonion angle 119° vs. 123°), and compensated inclinations of the incisors in the
upper (+1/NL 71° vs. 68°) and lower jaw (—1/ML 84° vs. 80°). Correlations were found between sagittal, vertical, and dental
cephalometric parameters, which were strongest in adult class II males. Finally, ML-NSL angle, SNPg angle, PFH/AFH ratio, and
SNB angle are related to the variations of the first four components.

Conclusions: The differences in cephalometric parameters between skeletal class I and IT demonstrate certain configurations in
vertical, sagittal, and dental parameters, and identifying these marks precisely will enable accurate diagnosis. In addition, the
variations concerning gender and age highlight the possible influence of these factors on orthodontic diagnostics and treatment
planning. Future studies with equal sample sizes among subgroups must validate these findings. Finally, the PCA results
highlighted that the mandible’s vertical and sagittal position has a strong influence on the diagnosis of skeletal class I/II, which
highlights the importance of identifying the corresponding reference marks.
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1. Introduction

One of the critical responsibilities of orthodontics is the iden-
tification of physiological and pathological jaw positions, that
is, the distinction between eugnathic and dysgnathic relations
of the maxilla and mandible, and the treatment of such path-
ologic craniofacial structures [1]. Hence, as in all medical
disciplines, it is of major importance to the orthodontic prac-
titioner to perform precise and correct diagnostics and to
evaluate the orthodontic treatment needs for each patient
individually [1]. The diagnostic procedures and treatment
planning can be categorized by the kind of craniofacial struc-
tures affected, that is, anomalies of the jaws, teeth, dentition,
and stomatognathic functions [1]. In the case of dysgnathia,
which refers to an abnormal position, relation, and/or size of
the jaw bases, treatment options vary concerning the patient’s
age [2]. Growing patients can benefit from functional ortho-
pedic appliances [3], while treatment options for adults
include dental compensation in terms of camouflage therapies
or combined maxillofacial surgical-orthodontic treatment
strategies [4].

Routine orthodontic diagnostics are comprised of anamne-
sis, photographs from intra- and extraoral, clinical orthodontic
examination, dental cast analysis, and radiographic examina-
tion, which often consists of an orthopantomogram and a lat-
eral cephalogram [5]. Among others, cephalometric analysis
determines the skeletal class, defined as the relation of the
maxilla and mandible in the sagittal direction [6]. It can be
categorized into two classes: in skeletal class I, the upper and
lower jaw are neutrally oriented to each other [7], whereas in
class II, the mandible presents a pathologically posterior posi-
tion in relation to the maxilla [8]. The prevalence of skeletal
class IT is relatively high, although variations are found among
different populations. For example, up to 29% of the worldwide
population present class II and up to 62% class I, although
differences are observed between various ages and ethnicities
[9]. Hence, the correct diagnosis of skeletal class II patients
compared to an “ideal” desirable skeletal class I is of crucial
interest to the orthodontic practitioner.

There are various methods to define a patient’s skeletal
class, including “classical” approaches such as the ANB angle
described by Riedel [10] and individualized techniques like the
graphical procedure suggested by Fishman [11], the harmony
box established by Segner and Hasund [12, 13], or the individ-
ualized ANB introduced by Panagiotidis and Witt [14]. In
classical approaches, empirical norms are used as a reference
during interpretation of the measurements, which bears the
risk of false diagnoses since the intraindividual harmony of
the craniofacial skeleton is not considered. Such relations of
anatomical structures, which develop during growth, were
already described by Enlow et al. [15]. Several studies have
already identified correlations among specific parameters. In
a study that was done by Pillai et al. [16], and examined the
association of the gonial angle with age, gender, and dental

status, using lateral cephalogram and orthopantomogram,
found that a significant negative correlation was observed
between gonial angle and age in the orthopantomograms.
Besides, the gender difference was significant in cephalograms.
In another study that was consisted of 250 elderly subjects of
both genders, and examined cephalometric characteristics in
the elderly, found that the cephalometric measurements
females were significantly lower. In addition, a significant
decrease in the cephalometric values was observed in relation
to the growth pattern, with the advancement of age, and finally,
ethnic groups (white, black, and Japanese) showed significant
variations in the cephalometric parameters [17]. These are
considered in individualized approaches, which define a float-
ing norm value for each patient, based on guiding variables.
Many authors have described this method, resulting in various
available techniques. A very common method for such floating
norms in skeletal class diagnosis is the individualized ANB
angle of Panagiotidis and Witt [14], which is a regression
equation. It includes the inclination of the mandibular plane
and the degree of prognathism of the maxilla, thereby resulting
in higher precision of an individual’s true skeletal class.
Although individualized methods in cephalometry present
advantages in terms of precision, differences with respect to
age, gender, and population must be considered [18-21].
According to our knowledge, differences with respect to age
and gender were not comprehensively studied among skeletal
class I and II German population.

Recently, we published a paper that consisted of skeletal
class I and II German population, and was dedicated to
improve the skeletal classification using machine-learning
models based on minimal cephalometric parameters [22].
However, this paper focuses on two primary aims. First, we
applied individualized ANB norms (floating norms), and sec-
ond aim was to assess their relevance in distinguishing skeletal
class I versus II in a German population, which has not been
sufficiently explored in previous literature, mainly to examine
gender and age-specific subgroups effects and to analyze the
correlation between those variables.

2. Materials and Methods

2.1. Ethical Statement. Before sample collection, this investi-
gation received ethical approval from the University of Regens-
burg (Approval Number 19-1596-101, 13/11/2019). The study
recruited patients exclusively from German specialist ortho-
dontic offices and the Department of Orthodontics at the Uni-
versity Hospital Regensburg, Germany. The study adhered to
the declarations of Helsinki and the ethical guidelines approved
by the university’s committee.

2.2. Sample Size. The sample size was determined by the max-
imum available German patients that were diagnosed as skele-
tal class I or II within the recruitment period. Besides, we
calculated the estimated sample size needed needed if we

85U01 SUOLILIOD 8AeaI) 3|edl dde 8Ly Aq pauienob e sajoe O ‘SN JO S3jni 10} Afeiq 1T 8UIIUO /8|1 UO (SUORIPUOO-PUE-SWIBY W00 A8 | IMATe.q 1 )BU1IUO//SANY) SUORIPUOD PUe SLWB | 3} 88S *[5202/60/0T ] U0 Areigiaulluo AB|im ‘Bingsusbiey 1eiseAluN Ad 0925996/POI1/SSTT OT/I0p/L0Y A8 1M Areiq1juluo//SdnY Woiy pepeojumod ‘T ‘SZ0Z ‘YT



International Journal of Dentistry

suggest a moderate correlation (p =0.5) in the different sub-
groups of gender and age, using the formula [23]:

Total samplesize = N = [(Za + Zp)/C]2 + 3,
The standard normal deviate for a = Za = 1.9600,
The standard normal deviate for f = Zf = 0.8416,

C= 0.5xIn[(1+7)/(1-r)] =0.5493.

The estimated sample size needed for moderate correlation
was 29 patients (for each subgroup).

2.3. Cephalometric Analysis. This study was based on pretreat-
ment lateral cephalograms of German orthodontic patients
taken as part of their routine diagnostics. The clarification
criteria were the availability of a pretreatment lateral cephalo-
gram with caliper for calibration, demographic information
(age and gender), and the presence of either skeletal class I or
IT as diagnosed by the individualized ANB.

Patients were stratified into the groups skeletal class I and II
and, secondly, into age (<13 years, 14-21 years, and >21 years)
and gender-specific subgroups:

Lateral cephalograms were digitized if necessary and
imported as lossless TIF files into the software ivoris analyze
pro (Computer konkret AG, Falkenstein, Germany, version
8.2.15.110) for calibration and cephalometric analysis. The
individualized ANB was calculated using the formula suggested
by Panagiotidis and Witt:

e Individualized ANB [14] =—35.16+ (0.4 X SNA) +
(0.2 X ML-NSL).

e Calculated_ ANB = ANB_measured—
ANB _individualised.

To avoid data distortion from borderline cases, the limits
were set slightly broader than the original range of +1°:

o Skeletal class I: —1.5°<Calculated_ ANB<1.5°.
o Skeletal class II: Calculated ANB >1.5°.
o Skeletal class III: Calculated ANB <—1.5°.

A comprehensive cephalometric analysis, similar to Segner
and Hasund, was performed, evaluating skeletal sagittal, skele-
tal vertical, and dental parameters listed in Table S1 and illus-
trated in Figure S1.

2.4. Data Analysis. Interrater- and intrarater reliability were
verified using the test—retest method. All other statistical anal-
yses were performed with the R software (https://www.r-proje
ct.org/). In detail, differences in cephalometric measurements
between groups were analyzed by Kruskal-Wallis with post hoc
Dunn analysis and Bonferroni correction. Besides, correlation
among parameters was assessed by Spearman correlation as we
conducted in our earlier study [24]. Principal component anal-
ysis (PCA) was evaluated using the scree plot, component
explained in each component, and the cosine square function
and loading plot. Prior to performing the PCA analysis, we

performed Kaiser—-Meyer—Olkin (KMO) test, in order to check
the data adequacy for factor analysis. The initial results showed
overall measurement systems analysis (MSA) =0.5, which is
not fully accepted for performing factor analysis. Therefore,
we removed the ANBind, which is redundant with the Calcu-
lated_ ANB (ANB— ANBind), and the updated MSA was 0.74.

Statistical significance and high significance were set
at p<0.05.

3. Results

3.1. Patients. The final study collective comprised 556 German
orthodontic patients, stratified to skeletal class IT (n=210) and
I (n=346). Both groups presented a mean age of 13 with a
range of 6.6—41 years and 5.4-53 years in classes I and II,
respectively. Further details concerning the demographic infor-
mation are shown in Table S2. The descriptive statistics of the
cephalometric parameters are presented in Table 1.

3.2. Multiple Comparisons. Detailed results of the cephalomet-
ric comparisons performed are presented in the Tables S3-S7,
whereas in the Tables 2—4, only the comparisons with the
biggest significant differences are shown, especially substantial
differences between groups of the same phenotype (e.g., male
vs. male).

The most relevant, significant differences in cephalometric
parameters between various subgroups within each skeletal
class group are presented in Table 2. In the vertical direction,
adolescents had a more horizontal growth pattern (PFH/AFH
2.2% bigger and Gonion angle 2.8° smaller) and hypodivergent
jaw bases (NL/ML 2.3° smaller) than children. Among the
dental parameters, only the inclination of the upper incisors
(+1/NSL and +1/NA) was significantly different between
groups: a higher proclination was detected in males (+1/NSL
2° smaller and +1/NA 1.8° bigger) and children (4+1/NA 3.5°
smaller). Regarding skeletal class II, no vertical parameters
proved to be significantly different between skeletal class II
subgroups. In adults, especially in males, upper incisors were
more retroinclined (+1/NL, +1/NSL, and +1/NA) than in
growing patients.

In Table 3, the most relevant significant differences in skel-
etal cephalometric variables between various age and gender
specific subgroups of skeletal class II and I patients are
reported, while in Table 4, we summarize the differences in
dental cephalometric parameters among the different sub-
groups of skeletal class I and II.

3.3. Correlation Analysis. The correlation between cephalomet-
ric parameters was evaluated using Spearman correlation tests
and their graphical illustration as heatmap matrices. In
Figure 1A, the correlation matrices for the total skeletal class I
and II are shown. Regarding skeletal class I patients (Figure 1A-I)
in the vertical direction, NL-ML was negatively correlated with
PFH/AFH (p = —0.733 and p <0.01), and positively with ML-
NSL (p =0.800 and p <0.01), showing that the inclination of
the lower jaw (ML-NSL) was positively associated with the diver-
gence of the jaw bases (NL-ML), which in turn was negatively
related to the growth pattern (PFH/AFH). Furthermore, the
growth pattern (PFH/AFH) was negatively correlated with the
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TasLE 1: Cephalometric measurements descriptive statistics.

Variable M SD Min Pctl. 25 Pctl. 75 Max
Skeletal class I II I 11 I II I II I II I II
SNA (°) 81 81 3.8 3.2 63 73 79 79 84 83 92 89
SNB (°) 78 75 3.2 2.9 66 66 76 73 80 77 87 82
SN-Pg (°) 79 76 3.3 3.1 67 67 76 74 81 78 88 85
ANB (°) 3.7 6.3 1.6 1.6 =25 1.7 2.7 52 4.7 7.4 9 12
Wits appraisal (mm) 0.057 3.6 3.3 5.2 -6 =5 -1.3 1.9 1.7 53 8.6 13
ANB individual (°) 3.6 35 1.4 1.4 -3.2 -0.5 2.8 2.6 4.6 4.5 7.8 8.1
Calculated_ANB (°) 0.025 2.8 0.84 1.1 -1.5 1.5 —0.68 2 0.78 34 1.5 8.6
S-N (mm) 70 72 48 59 42 57 64 63 69 69 81 107
Go-Me (mm) 70 70 47 54 43 54 63 61 70 69 85 100
SN-Ba (°) 132 133 4.9 4.6 117 123 129 130 135 137 144 145
NL/ML (°) 24 23 5.7 6.1 53 4 20 19 27 27 46 42
NL/NSL (°) 7.4 8.4 3.6 3.4 -3.1 -1.8 5.1 6.1 9.8 10 18 19
ML/NSL (°) 31 31 6 6.3 16 13 27 27 35 35 52 47
PFH.AFH (%) 67 67 5.1 5.4 50 54 63 63 71 71 80 85
Gonion_Angle (°) 123 119 5.8 6.9 101 104 119 114 126 124 139 139
Facial_Axis (°) 90 89 43 4.4 76 71 88 86 93 91 101 99
+1/NL (°) 68 71 8 10 37 46 64 64 73 78 94 113
+1/NSL (°) 76 80 8.4 11 43 53 71 73 81 87 98 122
+1/NA (°) 23 19 7.9 10 2.2 =22 18 12 28 26 54 47
+1/NA (mm) 39 2.1 4.2 4.5 —2.4 -12 1.9 0.025 53 4.3 11 10
—1/ML (°) 84 80 6.7 7.3 65 58 79 76 88 84 105 104
—1/NB (°) 25 26 6.9 7.5 -1.1 4 21 21 30 31 44 41
—1/NB (mm) 4.2 4.7 4.3 5.6 -3.3 -2.5 2.2 2.6 5.6 5.8 12 12
Interincisal_Angle (°) 128 129 12 14 96 89 120 119 135 135 172 187

Note: Cephalometric measurements of patients with skeletal class I and II according to the definition of Panagiotidis and Witt. M =mean, SD = standard
deviation, Min = minimum, Pctl. 25=25% percentile, Pctl. 75=75% percentile, Max = maximum.

TaBLE 2: Subgroup-differences within skeletal class (I or II).

Parameter Group comparison Z score p.unadj p.adj

Skeletal class I
PFH/AFH (%) 1_0<Age <13-1_14 <age <20 —-2.97 0.00 0.01
Gonion angle (°) 1_0 <Age <13-1_14 <age <20 3.04 0.00 0.01
NL/ML (°) 1_0<Age <13-1_14 <age <20 2.69 0.01 0.02
+1/NSL (°) 1_Female-I_male 2.20 0.03 0.03
+1/NA (°) 1_Female-I_male -2.57 0.01 0.01
+1/NA (°) 1_0<Age <13-I_14 <age <20 3.00 0.00 0.01
+1/NA (°) I_Female_14 <age <20-1_male_0 <age <13 —3.38 0.00 0.01

Skeletal class 1T
SNB (°) II_Female_14 <age <20-II_male_age >21 3.17 0.00 0.02
+1/NL (°) II_0 <Age <13-II_age >21 —243 0.01 0.04
+1/NL (°) II_Male_0 <age <13-II_male_age >21 -3.18 0.00 0.02
+1/NSL (°) I1_0 <Age <13-II_age >21 -2.50 0.01 0.04
+1/NSL (°) II_Male_0 <age <13-II_male_age >21 —3.56 0.00 0.01
+1/NA (°) I1_0 <Age <13-1I_age >21 2.43 0.02 0.045
+1/NA (°) II_Male_0 <Age <13-II_male_age >21 3.17 0.00 0.02

Note: Subgroup differences within skeletal class I and II patients with statistical difference according to Kruskal-Wallis with post hoc Dunn analysis and
Bonferroni correction. The post hoc test was done separately for each skeletal class. Statistical significance was set at p<0.01 and p<0.05. Z = difference
between the mean ranks of each two groups, p.unadj = unadjusted p-value in Dunn’s test, p.adj =adjusted p-value (Bonferroni).
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TaBLE 3: Significant differences in skeletal parameters between different skeletal classes.
Parameter Groups Z score p.unadj p-adj
Calculated_ ANB I_Female-II_female —14.62 0.00 0.00
Calculated_ANB I_Male-II_male —13.33 0.00 0.00
Calculated_ ANB 1_0 <Age <13-1I_0 <age <13 —-17.30 0.00 0.00
Calculated_ ANB I_14 <Age <20-1I_14 <age <20 -8.14 0.00 0.00
Calculated_ANB I_Age>21-II_age>21 —5.14 0.00 0.00
Calculated_ ANB I_Female_age >21-I1_male_age >21 —-3.93 0.00 0.01
Calculated_ANB I_Male_age >21-II_male_age >21 —3.80 0.00 0.01
Wits 1_Female-II_female —-10.33 0.00 0.00
Wits I_Male-II_male -9.03 0.00 0.00
Wits 1_0<Age <13-I1_0 <age <13 —12.32 0.00 0.00
Wits 1 14 <Age <20-1I1_14 <age <20 —4.55 0.00 0.00
Wits 1_Age>21-II_age >21 -3.69 0.00 0.00
Wits I_Female_ 0 <age <13-II_male_age >21 -3.95 0.00 0.01
Wits I_Male_0 <age <13-II_male_age >21 —3.50 0.00 0.03
SNB I_Female-II_female 7.08 0.00 0.00
SNB I_Male-II_male 7.21 0.00 0.00
SNB 1.0 <Age<13-II_0<age<13 8.41 0.00 0.00
SNB 1_14 <Age <20-11_14 <age <20 4.46 0.00 0.00
SNB I_Age>21-II_age >21 3.29 0.00 0.01
SNB I_Female_14 <age <20-II_male_age >21 4.65 0.00 0.00
SNB I_Male_14 <age <20-II_male_age >21 4.36 0.00 0.00
SNPg I_Female-II_female 6.28 0.00 0.00
SNPg 1I_Male-II_male 6.16 0.00 0.00
SNPg 1_0<Age<13-I1_0 <age <13 7.40 0.00 0.00
SNPg I_14 <Age <20-T1_0 <age <13 7.21 0.00 0.00
SNPg I_Female 14 <age <20-II_male_age >21 3.55 0.00 0.03
NL-NSL I_Male-II_male —-3.55 0.00 0.00
Gonion angle 1_Female-II_female 4.80 0.00 0.00
Gonion angle I_Male-II_male 3.40 0.00 0.00
Gonion angle I_0<Age <13-I1_0 <age <13 5.15 0.00 0.00
Gonion angle I_Female_0 <age <13-II_female_0 <age <13 4.07 0.00 0.00
Gonion angle I_Male_0 <age <13-II_female_age >21 3.44 0.00 0.04
Facial axis I_Female—II_female 3.45 0.00 0.00
Facial axis I_0<Age<13-I1_0 <age <13 3.81 0.00 0.00
Facial axis I_Male_0 <age <13-II_female 0 <age <13 3.89 0.00 0.01

Note: Significant differences in skeletal parameters between different skeletal classes, considering age and gender subgroups, according to Kruskal-Wallis with
post hoc Dunn analysis and Bonferroni correction. Statistical significance was set at p<0.01 and p<0.05. Z = difference between the mean ranks of each two
groups, p.unadj=unadjusted p-value in Dunn’s test, p.adj = adjusted p-value (Bonferroni).

inclination of the mandible (ML-NSL) (p = —0.955, p <0.01).
Linking the vertical and sagittal direction, ML-NSL was nega-
tively associated with the degree of prognathism of the mandible
(SNB) (p = —0.740, p <0.01), and with the sagittal position of
the chin (SN-Pg) (p = — 0.813, p <0.01). Concerning the sag-
ittal parameters only, SNA presented a positive correlation with
SNB (p =0.893, p <0.01) and SN-Pg (p = —0.808, p <0.01),
showing the association between the sagittal position of
both jaw bases and the chin. Moreover, SNB was positively
correlated with SN-Pg (p =0.964, p <0.01), which demon-
strates the sagittal relation between the lower jaw and the
chin. Overall, similar observations were made for skeletal
class II patients (Figure 1A-II).

In Figure 1B (I-VI) the correlations matrices of cephalo-
metric parameters are presented for different age and gender
specific subgroups of patients with skeletal class I. First, it
becomes obvious that the amount and degree of correlations
rose at higher ages for both male and female patients, although
the biggest sample size was achieved in children (age <13). For
example, among females, Calculated_ANB was correlated
moderately with Wits appraisal in children (p=0.456,
p <0.01) and adolescents (p =0.462, p <0.01), but in adults:
here, a positive correlation with Wits appraisal was found (p =
0.881, p <0.01). Many dental parameters revealed correlations
with each other (p <0.05), although they were affected by
gender and age: the most and strongest associations were
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TaBLE 4: Significant variations in dental parameters between different skeletal classes.

Parameter Groups Z score p-unadj p-adj
+1/NL I_Female—II_female —-2.73 0.01 0.04
+1/NL 1_Age>21-II_age >21 —-3.25 0.00 0.02
+1/NL I_Male_0 <age <13-II_male_age >21 —3.45 0.00 0.04
+1/NL I_Male_age >21-II_male_age >21 —3.51 0.00 0.03
+1/NA (mm) I_Female-II_female 431 0.00 0.00
+1/NA (mm) I_Male-II_male 4.40 0.00 0.00
+1/NA (mm) [_0<Age<13-II_0 <age <13 5.03 0.00 0.00
+1/NA (mm) 1_Age>21-II_age >21 3.44 0.00 0.01
+1/NA (mm) I_Male_ 0 <age <13-II_male_age >21 3.46 0.00 0.04
—1/ML I_Female—II_female 4.29 0.00 0.00
—1/ML I_Male-II_male 3.71 0.00 0.00
—1/ML 1.0 <Age <13-I1_0 <age <13 474 0.00 0.00
—1/ML 1_14 <Age <20-11_14 <age <20 3.22 0.00 0.02
—1/ML I_Female 0 <age <13-II_female_14 <age <20 3.84 0.00 0.01
—1/ML I_Male_0 <age <13-II_female_14 <age <20 4.30 0.00 0.00

Note: Significant differences in dental parameters between different skeletal classes, considering age and gender subgroups, according to Kruskal-Wallis with
post hoc Dunn analysis and Bonferroni correction. Statistical significance was set at p<0.01 and p<0.05. Z = difference between the mean ranks of each two
groups, p.unadj=unadjusted p-value in Dunn’s test, p.adj = adjusted p-value (Bonferroni).

I-Correlation matrix class I malocclusion/n = 346

II-Correlation matrix class II malocclusion/n = 210
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85U01 SUOLILIOD 8AeaI) 3|edl dde 8Ly Aq pauienob e sajoe O ‘SN JO S3jni 10} Afeiq 1T 8UIIUO /8|1 UO (SUORIPUOO-PUE-SWIBY W00 A8 | IMATe.q 1 )BU1IUO//SANY) SUORIPUOD PUe SLWB | 3} 88S *[5202/60/0T ] U0 Areigiaulluo AB|im ‘Bingsusbiey 1eiseAluN Ad 0925996/POI1/SSTT OT/I0p/L0Y A8 1M Areiq1juluo//SdnY Woiy pepeojumod ‘T ‘SZ0Z ‘YT



International Journal of Dentistry

I-Correlation matrix class I malocclusion, male and age<13/n = 121
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III-Correlation matrix class I malocclusion, male and 14<age<20/n = 25

g 2 g z
=) = K] =) 3 ]
R PP VPR N O
T wow S~ EE S HE SHEy T wow S~ EE S HE SHEy
SEEEEE TEEEC iR EEEEET SEEEEE TESEC iR EEEEET
ZIE5 S8 3 ESEES 227 SSdmm s ZIiE3—S3SESRRES SZ AT <t dmm S
EEESmeBE Y2 28222227F EEEgmeBE Y T2 28222227F
SEESAZEAARZZT 2 EbnEninkntr i QS Rz ZZARZZ RS SsSS S SE
ZAOEGGZLOGEHOZ=2FFTFTTTE ZAOEGGZLOGEHOZ=2FFFFTTTE
NL-ML angle |- @ /@/¢® 0 ) ! NL-MLangle | @©/@/¢/® ® ° ®
NL-NSL @ (] (] NL-NSL @ @
PFH/AFH @ ©® o [ ® 08 PFH/AFH @ ® @0 oo - 000
Gonial angle L) Gonial angle | |® ® @ o @
Facial axis ® @ @ 0.6 Facial axis (] oo |oe
SNA angle @ |© o SNA angle @ ®
SNB angle o 04 SNB angle ()
ANB angle @ 0 : ANB angle @ 00 00
ANBind o ANBind CI() (]
Calculated_ANB [ ) 0.2 Calculated_ANB
SN-Ba angle ® ® SN-Ba angle @ (]
SN-Pg angle [ ) 0 SN-Pg angle [ ] O O
S—N (mm) S—N (mm) 0
Go-Me (mm) o 0.2 Go-Me (mm)
Wits appraisal (mm) i Wits appraisal (mm)
ML-NSL angle ML-NSL angle @
+1/NL angle @@@® © -0.4 +1/NL angle @@
+1/SNL angle +1/SNL angle
+1/NA angle -0.6 +1/NA angle
+1/NA (mm) @ +1/NA (mm)
-1/ML (anatomic) @ 0.8 -1/ML (anatomic)
-1/NB angle @ -1/NBangle @@
-1/NB (mm) @ -1/NB (mm) @

-1

V—Correlation matrix class I malocclusion, male and age>21/n =6

VI-Correlation matrix class I malocclusion, female and age>21/n =

g 2 g 2
Q ) o) v
%y 23besnc  E 2 e T3%.5.25.-F
9 [S) S22 oS s 3 [S) S, 2w
e o SHEB-EEEHEHE EHEs = o SHEB-EEEHEHE EHEs
AEESE TECEE L TREERTES AEESYas TECEE L TREEREES
w<~m::g:£¢mgwmw ._1<<’_, 2 w<~m::g:g¢mawmw ._1<<’_, 2
zZigg s ES R/ E S s Z 27 mm g ZiEg < ESR/AES s Z 27 mm s
IEEE<am@8T T T2 128223225 IEEE<am@8T 12128223225
SECRZZAZZRZZ T QS S S S S S S S S QLS 3ZZAARZZ T RSS2
ZAOEGGZLLOGGHOZ=2FFFTFTTTE ZAOEGGZLLOGEHOZ=2FFFFTTTE
NL-ML angle @@ 000 00 1 NL-MLangle [ @© 000 °0 o o0
NL-NSL L JCICICC) @ NL-NSL @ (]
PFH/AFH @ (00 e ‘e 08 PFH/AFH 0
Gonial angle (] Gonial angle oe o
Facial axis @ { ] 0.6 Facial axis (0 [ ] °e
SNA angle @° ® 0@ SNA angle @ () O
SNB angle (L OJ 0.4 SNB angle O ) 00
ANBangle ©9@® . ANB angle O 0000 @
ANBind @ ANBind © @
Calculated_ANB @ ® () 0.2 Calculated_ANB (0]
SN-Ba angle @ SN-Ba angle
SN-Pg angle @ () 0 SN-Pgangle @ o
S-N (mm) @ S—N (mm
Go—Me (mm) () 0.2 Go-Me (mm) @ ®
Wits appraisal (mm) Wits appraisal (mm) @ ® @ ®
ML-NSL angle ML-NSL angle
+1/NLangle @® 0@ -04 +1/NL angle @@
+1/SNL angle +1/SNL angle
+1/NA angle -0.6 +1/NA angle
+1/NA (mm) @ +1/NA (mm)
-1/ML (anatomic) @ 0.8 -1/ML (anatomic)

-1/NB angle @
-1/NB (mm) @

FiGure 1: Continued.

-1/NB angle @®
-1/NB (mm) @

II-Correlation matrix class I malocclusion, female and age<13/n = 154

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

IV-Correlation matrix class I malocclusion, female and 14<age<20/n = 32

0.8

0.6

0.4

0.2

=3

0.8

0.6

0.4

0.2

95U017 SLOWIWOD 9AIEID 3edldde au Aq pausenob aJe sajoie YO ‘8sn Jo o[ J0j Aleid 1 8UIUO A8 UO (SUONIPUOD-pUe-SWLB) W0 A3 1M Aleiq 1 puljuo//Sdny) SUONIPUOD pue swie | au 885 *[6Z0z/60/0T] Uo Areiqiauluo As|im ‘Bingsuebiey we1sieAluN Ag 0925996/P01/SSTT OT/I0p/Wod A3 1w Akeiq 1 jpuljuoy/sdny Wolj pepeojumod ‘T ‘5202 ‘¥9T9



I-Correlation matrix class IT malocclusion, male and age<13/n = 68
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II-Correlation matrix class II malocclusion, female and age<13/n = 96
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FIGURE 1: (A) Heatmap correlation matrices demonstrating the correlation between sagittal, vertical, and dental parameters for skeletal class I
and II patients. (B) Heatmap correlation matrices demonstrating correlations between cephalometric parameters for different age and gender
specific subgroups of patients presenting skeletal class I. (C) Heatmap correlation matrices of cephalometric parameters for different age and
gender specific subgroups of patients presenting skeletal class II.
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TasLE 5: The four most relevant principal components.

Most relevant principle components PC1 PC2 PC3 PC4

Standard deviation 1.19 0.98 0.61 0.54

Proportion of variance 0.42 0.28 0.11 0.08

Cumulative proportion 0.42 0.70 0.81 0.90

Note: The four most relevant principal components to classify an individual correctly as skeletal class I or II.

Abbreviation: PC, principal component.

identified in male adolescents, whereas female and young
patients presented fewer. Dental parameters, which are
intended to measure the same, were correlated with each other,
such as —1/ML and —1/NB (p = —0.762, p <0.05) or +1/NL
and +1/NSL (p =0.952, p <0.01) in female adults. Further-
more, it can be summarized that the upper and lower incisors
tended to be inclined into the same direction.

Figure 1C (I-VI) shows the correlation matrices of cephalo-
metric variables for different subgroups of skeletal class II
patients. As in class I, gender and age influence the associations
since the amount and degree of correlation increased as age rose
and because males presented slightly more correlations than
females. However, in the class II group, the number of adult
subgroups was also the smallest. Regarding Calculated_ANB,
the most significant and relevant correlations were identified
in male adults, in whom the strongest were Wits appraisal
(p =1.00, p <0.01), PFH/AFH (p = 0.829, p <0.05), facial axis
(p=0.886, p <0.05) (positive) and ML-NSL (p= —0.829,
p <0.05), NL-ML (p= —0.829, p <0.05), Gonion angle
(p= —0.943, p <0.05) (negative). Whereas the association
with Wits appraisal demonstrates the similarity of different
parameters, which both aim to determine skeletal class, the
others clarify the dependance between sagittal and vertical
parameters. Compared to the heatmaps of skeletal class I subjects
(Figure 1B), class II patients showed less and weaker correlations
between dental variables: here, strong associations were identi-
fied for parameters measured in the same jaw or interincisal
angle, but not for variables, which include both jaws.

3.4. PCA. PCA was conducted to identify the four most impor-
tant principal components that are necessary to correctly clas-
sify an individual patient as skeletal class I or II. The findings
are presented in Table 5 and in the scree plot in Figure 2A, and
they reveal, that 90% of the total variance could be explained by
the first four components, whereas almost half of the variance
(40%) could be attributed to the first component.

Further investigations aimed to identify the loadings of
those four principal components and the corresponding results
are shown in Table 6. The first principal component was
mainly influenced by four sagittal and vertical skeletal parame-
ters, that is SNB (—0.37), SN-Pg (—0.38), PFH/AFH (—0.36)
and ML-NSL (0.37). In contrast, the second principal compo-
nent was mainly affected by dental variables (+1/NL —0.37, +
1/NSL —0.36, +1/NA 0.38, +1/NA [mm] 0.35, interincisal
angle —0.42). Cephalometric parameters with a high loading
on the third principal component were ANB angle (—0.31),
Calculated_ANB (—0.43), Wits appraisal (—0.36), and —1/ML
(0.36). Finally, the fourth component was mainly influenced by

S-N (mm) (—0.48), Go-Me (mm) (—0.48), +1/NA (mm)
(—=0.32), and —1/NB angle (0.33).

The cosine squared function, which is illustrated in
Figure 2B, and the loading plot, which is presented in Figure 2C,
show the proportion, which each of cephalometric variable
assessed contributed to the first four principal components of
the PCA, conducted to correctly classify a patients as skeletal
class T or II. According to these figures, the most relevant
cephalometric parameter was the inclination of the mandible
(ML-NSL) with a cos2 of more than 0.20, followed by the
variables SN-Pg, PFH/AFH and SNB, which were directed
into the opposite direction (Figure 2C).

4. Discussion

This study aims to investigate differences in cephalometric
variables concerning age, gender, and skeletal malocclusion
with multiple comparison tests and to explore the correlations
between the different cephalometric parameters within specific
German gender and age groups. For this purpose, as a second-
ary outcome, PCA was performed to identify the most relevant
parameters contributing to skeletal class I and II variance, as
was done in our previous study on analyzing the cephalometric
parameters of class I and IIT in the Arab ethnic group [24].

4.1. Cephalometric Measurements. Diagnostic cephalometric
parameters (Calculated_ ANB, ANB, Wits appraisal), were
higher in skeletal class II patients compared to skeletal class I,
which confirms the correct allocation of patients to the two
study groups [14]. SNA was not significantly different between
class T and II, which was also found by Jacob and Buschang
[25]. However, SNB and SNPg were smaller in class II subjects,
indicating that the sagittal position of the mandible appeared to
have a bigger effect on skeletal class than the upper jaw. This
effect was reinforced in male adults, illustrating that the degree
of a dysgnathia can worsen during growth [26]. Furthermore,
especially in class I, high ranges between the minimum and
maximum were found for SNA and SNB, which clarifies that
various combinations can result in an ideal sagittal relation of
the jaw and, hence, the need for floating norms to determine an
individual’s skeletal class [12, 13]. In the vertical direction, class
IT cases had a more horizontal growth pattern according to
Gonion angle, especially in female adults, although facial axis
indicated a slightly more vertical growth pattern in class II.
Considering the size of the differences, they were clearly higher
in Gonion angle (—3.5° in females), so that the contradicting
finding of facial axis might be neglected due to the compara-
tively small size (—1.9° in females). Moreover, among males
and children, the upper jaw was more posterior rotated in class
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FIGURE 2: (A) Scree plot result of the principal component analysis.

The x-axis shows the components, while the y-axis represents the

percentage of explained variance. (B) Cosine squared function demonstrating the proportion each cephalometric parameter contributes to
the first four components of principal component analysis. (C) Loading plot demonstrating the contribution of cephalometric parameters
assessed on the first four components of principal component analysis.

IT cases compared to class I patients, but the small size of the
difference (1.7° in males) questions the clinical relevance. In
contrast to our results, Stahl et al. [26] and Baccetti et al. [27]
did not report significant differences in vertical skeletal param-
eters between class I and class II division I patients. Possible
explanations for this contrast might be the differences in the
population and in the cephalometric parameters assessed. Den-
tal parameters indicated a dental compensation of the skeletal
dysgnathia, because patients with class II presented more retro-
inclined and retropositioned upper and proclined lower inci-
sors than class I subjects. As in sagittal skeletal parameters,
these differences were biggest in adults in the upper jaw, but
in children and adolescents in the lower jaw. Hence, this

finding might indicate that dental compensation of severe skel-
etal class IT in adults is mainly driven by the upper incisors. This
observation is confirmed by Steiner, who explained that the
incisors” inclination and position vary in dependance of the
sagittal relationship between the upper and lower jaw [28].
Age and gender were considered as possible confounders of
cephalometric variables, and hence, subgroup analyses were
performed, revealing different measurements indeed. However,
this observation must be interpreted with caution, because it
might not only be attributed to the confounders age and gen-
der, but also to the small sample size within this group, leading
automatically to less variation in the measurements. Detailed
subgroup comparisons within each skeletal class (Table 2)
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TasLE 6: Loadings of the four most relevant principal components.

Cephalometric parameter PC1 PC2 PC3 PC4

NL-ML angle 0.26 0.16 0.21 0.03
NL-NSL 0.20 —0.03 —-0.10 0.02
PFH/AFH —0.36 —0.13 —0.15 —0.02
Gonial angle 0.20 0.16 0.28 —-0.01
Facial axis -0.29 —0.04 0.05 —0.06
SNA angle —0.28 0.00 —0.07 0.18
SNB angle -0.37 0.00 0.11 0.01
ANB angle 0.12 0.00 —0.31 0.29
Calculated_ANB 0.12 —0.10 —0.43 0.18
SN-Ba angle 0.17 0.04 —-0.03 0.07
SN-Pg angle -0.38  —0.05 0.10 —-0.03
S-N (mm) 0.02 0.13 -0.23 —0.48
Go-Me (mm) 0.01 012  —023 —048
Wits appraisal (mm) 0.03 -0.04 =036  —0.09
ML-NSL angle 0.37 0.13 0.14 0.04
+1/NL angle 0.13 -0.37 —0.07 —0.09
+1/SNL angle 0.20 —0.36 —0.10 —0.08
+1/NA angle —0.10 0.38 0.13 0.02
+1/NA (mm) —005 035 —006 —0.32
—1/ML (anatomic) 0.12 —0.15 0.36 —0.26
—1/NB angle 0.02 0.27 —0.19 0.30
—1/NB (mm) 0.06 0.26 -0.27 —0.22
Interincisal angle 0.04 —0.42 0.06 —-0.23

Note: Loadings of the four most relevant principal components to classify an
individual correctly as skeletal class I or II. Loadings were highlighted if the
value was <—0.300 or > 0.300.

Abbreviation: PC, principal component.

revealed that class I children had a more retrognathic mandible
and posterior position of the chin compared to adolescents,
which can be explained by the anteriorly directed growth and
increase in size of the mandible during puberty [26, 29]. Ana-
lyzing the sagittal direction in skeletal class II, only compari-
sons including adult patients resulted in significant differences
in sagittal skeletal parameters. Here, in male adults Calculate-
d_ANB was higher, whereas SNB was smaller compared to
children and adolescents, which demonstrates the increase in
the extent of dysgnathia in adulthood [26]. Eventually, bigger
sample sizes would show such differences in female adults too.
Differences in the vertical direction were only significant in
class I subjects, who presented a more horizontal growth pat-
tern and hypodivergent jaw bases in adolescents compared to
children. This could be justified by a decrease in the jaw angle
during growth, as also described by Jacob and Buschang [25].
Among the dental variables only few significant differences
were found for class I patients, whereas in skeletal class II a
higher retroinclination of the upper front teeth was observed in
(male) adults compared to younger patients by several param-
eters (+1/NL, +1/NSL, and +1/NA). This indicates the effect of
dysgnathia on dental parameters and describes dental compen-
sation [28], which increases at higher ages, such as the extent of
dysgnathia does [26].
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4.2. Cephalometric Correlations. Statistical analysis revealed
several correlations between cephalometric parameters in the
same and between different planes for class I and class 1I
patients (Figure 1A). According to our results, in the vertical
plane, the divergence of the jaw bases (NL-ML) was positively
associated with the inclination of the mandible (ML-NSL) but
negatively with the growth pattern (PFH/AFH). This finding
demonstrated the effect of the mandible on the vertical skeletal
pattern and was also described in other publications: Roy et al.
[30] did not specify the type of skeletal malocclusion and used
partly slightly different cephalometric parameters, but also
found comparable correlations, that is a positive association
between the inclination of the mandible (SN-GoGn) and the
basal plane angle and a negative one between the basal plane
angle and Jarabak ratio (PFH/AFH). In the sagittal direction, a
positive correlation was present between the degree of progna-
thism of the maxilla (SNA) and mandible (SNB) as well as the
sagittal position of the chin (SN-Pg). This positive correlation
between jaw bases was also found by Segner [12] and demon-
strates the need for floating norms in the diagnosis of skeletal
class, because even if they do not equal empirical norm values,
they still might be harmonious to each other [12]. Furthermore,
the correlation between SNB and SN-Pg seems logical, as both
parameters are related to the antero-posterior extension of the
lower jaw during growth, which is also described in the litera-
ture [31, 32]. Considering the sagittal and the vertical direction,
the inclination of the mandible (ML-NSL) presented a negative
correlation with its sagittal position (SNB) as well as with the
sagittal position of the chin (SN-Pg). This finding can be
explained by the geometrical relation between those parameters
and, regarding SNB and ML-NSL, was also described by Segner
[12]. The dental correlations were mainly found between
parameters measured in the same jaw and with interincisal
angle, which demonstrates that the position and inclination
of the incisors did not affect those parameters of the opposite
jaw in a relevant way in total class I and II cases.

Considering the influence of age and gender on the corre-
lations (Figure 1B,C), our results indicated that age affects the
amount and degree of correlations in both dysgnathia groups,
as the most associations were found in adult patients. Whereas
gender did not seem to have a relevant effect in class I patients,
in class II male adolescent and adult subjects appeared to have
more and stronger correlations than females of the same age.
However, due to the small sample sizes of the adolescent and
adult aged subgroups these observations must be interpreted
with caution and require a validation in future studies. Still, a
possible explanation for the age-dependent effect might be, that
anatomical craniofacial structures influence each other increas-
ingly during growth [15]. For example, Calculated_ANB
revealed most correlations in adults, especially in male class
II patients. Here, strong positive correlations with Wits apprai-
sal, PFH/AFH and Facial axis and negative associations with
growth pattern (ML-NSL, Gonion angle) and divergence of jaw
bases (ML-NL) were identified. This illustrates that the antero-
posterior relation of the upper and lower jaw, that is skeletal
class, depends on many parameters from both the vertical and
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sagittal direction, which is in agreement with the published
floating norms for the ANB angle [12-14, 18].

In summary, the current study highlighted the importance
of considering the gender, and age subgroup at the diagnosis,
and treatment planning and process. According a study that
was performed by Harris [33], on American subjects, and
examined the effects of patient age and sex on treatment, found
that the age and sex had significant influences on multiple
skeletodental variables, and the nature of the correction was
affected measurably by the patient’s age and sex. In a study that
aimed to examine the frequency of orthodontic treatment in
German children and adolescents and to examine the influence
of age, gender, and socioeconomic status on the frequency of
treatment, found that the likelihood of receiving orthodontic
treatment was higher for girls (OR=1.32, 95% CI: 1.06-1.65),
for high school pupils (OR =1.19, 95% CI: 1.06-1.34), and for
children and adolescents living in the western part of Germany
(OR=1.45, 95% CI: 1.00-2.08) and increased with age (OR =
1.13, 95% CI: 1.02-1.25) [34]

4.3. PCA. The PCA results illustrated that a high percentage of
variance (90%) could be explained by the first four principal
components, which demonstrates the effectiveness of this
method to reduce dimension by keeping the relevant informa-
tion for the correct diagnosis of skeletal class I and II. This
finding is comparable with the results found in classifying skel-
etal class IT and III in the German (91.6% cumulative propor-
tion of the first four components) and Arab population (90%
cumulative proportion), which we investigated previously in
another study (studies under review). Further analyses revealed
that the loadings of those four principal components are
affected by skeletal sagittal, skeletal vertical and dental cepha-
lometric parameters. The biggest loading was identified for the
fourth principal component, on which ANB had a loading of
—0.485. However, analyzing the most relevant variables among
all principal components, the inclination of the mandible (ML-
NSL) was proven to have the biggest effect, followed by SN-Pg,
PFH/AFH and SNB (Figure 2A,B). These results clarify the
influence of the mandible in the vertical (ML-NSL) and sagittal
(SN-Pg, SNB) direction as well as of the growth pattern
(PFH/AFH) on the skeletal class I/IT diagnosis and hence the
need to consider more parameters than SNA and SNB only. In
a previous study that was done by Moreno et al. and examined
309 white Class II adults, PCA results showed that the first
seven PCs’ explained 81% cumulative variation. The results
showed that about half of the variations in the study sample
were described by the inclination of the mandibular plane, the
angulation of the maxillary incisors, and the mandibular hori-
zontal and vertical lengths [35].

In another study that examined the differences of craniofa-
cial shape in malocclusion by application of two-dimensional
geometric morphometrics, found that the first-three PCs were
statistically meaningful and explained as 63.24% of total shape
variability [36].

4.4. Limitations. This study considered only German ortho-
dontic patients to account for differences in cephalometry due
to ethnicity. Another limitation might be the heterogeneity of
the subgroups, and the fact that the adult subgroup is relatively
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small, which may cause a limitation in the statistical power.
However, we tried to deal with this limitation by using non-
parametric tests. Future investigations, however, should aim to
match the numbers across different (sub)groups. Besides, in
order to prevent selection bias of moderate to severe orthodon-
tic patients, we recommend that future studies include
population-based patients, instead of patients from orthodon-
tic clinics.

5. Conclusion

Differences in cephalometric parameters between skeletal class
I and IT demonstrate the need for correct diagnosis of skeletal
class, which is affected by other sagittal and vertical variables of
the craniofacial skeleton. According to the results of PCA, the
mandible’s vertical and sagittal position has a strong influence
on the diagnosis of skeletal class I/II, which highlights the
importance of correctly identifying the corresponding refer-
ence marks.
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