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ABSTRACT

Aim: To assess the diagnostic value of qualitative and quantitative lateral cephalometric parameters in determining vertical, horizontal, and neutral maxillofacial
growth patterns in patients with orthodontic pathology.

Materials and Methods: The study included 292 lateral cephalograms of patients aged 5 to 50 years who sought orthodontic consultation. Eleven quantitative
cephalometric parameters were analysed in the full sample. In a randomised subgroup of 160 cephalograms, seven additional qualitative parameters were
assessed. Growth pattern determination was performed using an integrated approach based on the absolute majority of diagnostic signs. In addition, 134
cephalograms were independently evaluated by 34 orthodontic trainees using qualitative characteristics only. The diagnostic performance of each parameter
was assessed using balanced accuracy, sensitivity, specificity, and positive predictive value.

Results: Among 292 patients, 121 had a neutral growth pattern, 103 a vertical pattern, and 68 a horizontal pattern. Evaluation based only on qualitative signs
resulted in correct classification in 60.45% of cases on average. Among quantitative parameters, £N-Go-Me demonstrated the highest diagnostic performance,
with a positive predictive value of 82.9%, followed by 2 Ar-Go-Me and £Pn-MP. Among qualitative parameters, the mandibular angle, condylar process height,
and contour of the lower mandibular border showed the highest diagnostic value.

Conclusions: Quantitative cephalometric parameters, particularly £N-Go-Me, are more diagnostically reliable than isolated qualitative assessment for

determining maxillofacial growth patterns. A combined approach may improve diagnostic accuracy in orthodontic treatment planning.

KEY WORDS: orthodontics, cephalometry, craniofacial growth, vertical dimension

INTRODUCTION

Orthodontic diagnostics is a fundamental basis for
successful treatment [1]. In this context, cephalometric
analysis is a unique method for accurately determining
the differentiation of the level of pathology (skeletal or
dentoalveolar) [2], the dimensions and relationships of
the jaws to each other and to the anterior cranial base
[3], as well as jaw convergence or divergence (maxillo-
facial growth pattern).

A correctly determined maxillofacial growth pattern
not only influences the choice of treatment strategy but
also helps prevent complications during orthodontic
treatment and relapses afterwards [4-6].

When assessing facial aesthetics, vertical parame-
ters are considered significant. The face is perceived
as attractive when its upper, middle, and lower thirds
are proportional. However, in cases of impaired devel-
opment of the anterior cranial base [7, 8], taking into
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account hereditary factors [9], under the influence of
general muscular [10] and postural imbalance [11], or
abnormal functioning of oral cavity functions such as
mastication [12, 13], swallowing [14], and breathing
[15], the maxillofacial growth develops according to
two pathological patterns: horizontal, leading to the
formation of a short face, and vertical, leading to the
formation of a long face.

The qualitative characteristics of the maxillofacial
growth pattern were defined by A. Bjork and J. Jara-
bak [16, 17]. However, in the early mixed dentition
period or in doubtful cases of determining the growth
pattern, it is impossible to base clinical decisions and
orthodontic treatment objectives solely on qualita-
tive features. Moreover, the accuracy of determining
the growth pattern significantly depends on the
clinician’s qualification and experience, and is large-
ly subjective. Therefore, a considerable number of
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Table 1. Qualitative parameters analysed in the assessment of the maxillofacial growth pattern

Maxillofacial growth pattern

Qualitative feature

Vertical Horizontal

Contour of the lower border of the mandible (lower jaw)

Concave in the region of the antegonial notch

Convex in the chin region

Shape of the mandibular symphysis

Elongated in the vertical plane

Elongated in the sagittal plane

Height of the mandibular condylar process

Greater height Lower

Rotation of the dentoalveolar complex

Clockwise rotation

Counterclockwise rotation

Line connecting the mandibular head with the
condylar process

Deviated from the midline

Deviation toward the midline

Mandibular angle Increased Markedly reduced
Height of the lower third of the face Enlarged Reduced
Source: compiled by the authors of this study
Table 2. Quantitative parameters analysed in the assessment of the maxillofacial growth pattern
Author Parameter symbol Parameter description
LB Angle between the maxillary base (SpP) and the mandibular base (MP)
/Pn-MP Angle between the perpendicular (Pn) to the anterior cranial base (NSe)
and the mandibular base (MP)
A.M. Schwarz [27] /i Angle between the perpendicular (Pn) to the anterior cranial base (NSe)
and the maxillary base (SpP)
Angle between the perpendicular (Pn) to the anterior cranial base (NSe)
£Pn-OcP
and the occlusal plane (OcP)
LNSAr Angle between the NS and S-Ar planes
£LAr-Go - Me Angle between the mandibular ramus and the mandibular base
£ N-Go-Ar Upper gonial angle
J.R. Jarabak [17] £N-Go-Me Lower gonial angle
(£N-Go-Ar/ £N-Go- Ratio of the upper gonial angle to the lower gonial angle, reflecting not only the
Me)x100 growth pattern type but also its degree
£NSGn Y-axis angle
Downs W.B. [28], S-Go Posterior facial height
Arne Bjork [16] — J.R. N -Gn Anterior facial height
Jarabak [17]. (5Go)/(NMe)x100 Ratio of posterior to anterior facial height

Source: compiled by the authors based on [16, 17, 27, 28]

prominent orthodontic researchers, in particular R.
Ricketts [18], J. McNamara Jr. [19], and C. Steiner [20],
have investigated quantitative parameters that allow
for a more objective assessment of the maxillofacial
growth pattern.

As a rule, the maxillofacial growth pattern is deter-
mined based on lateral cephalograms by considering
the simple majority of qualitative and quantitative pa-
rameters [21-26]. However, in the available literature,
there are no assessments of the degree of significance
of each quantitative parameter’s influence on the expert
conclusion regarding the maxillofacial growth pattern.
Moreover, there is no such analysis for partial combina-
tions of qualitative and quantitative parameters, which
would make it possible to substantially reduce the num-
ber of measurements required on lateral cephalograms
for decision-making.

AIM

The aim of the study was to determine the diagnostic
significance of qualitative and quantitative parameters
of lateral cephalograms for assessing the maxillofacial
growth pattern in patients with orthodontic pathology
and to compare the results of an integrated assessment
with expert determination of the maxillofacial growth
pattern based solely on qualitative features.

FRAMEWORK

This study was conducted at the Department of Orthodon-
tics of the PL. Shupyk National Medical Academy of Ukraine
as part of the research project“Develop and test an integrat-
ed approach in the diagnosis and treatment of orthodontic
patients with comorbidities” (State registration number
0121U111023; duration: 2021-2025; extended to 2027).
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Fig. 1. Qualitative features of patho-

logical types of maxillofacial growth
(based on A. Bjork and J. Jarabak
[16, 171): (a) horizontal maxillofacial
growth pattern; (b) vertical maxillo-
facial growth pattern. 1) contour of
the lower border of the mandible;
2) shape of the chin prominence; 3)
height of the condylar process; 4) ro-
tation of the dentoalveolar complex;
5) line connecting the mandibular

head and condylar process; 6) man-
dibular angle; 7) height of the lower
third of the face

Source: compiled by the authors
basedon [16, 17]

Fig. 2. Quantitative parameters
analysed in the assessment of
the maxillofacial growth pat-
tern — cephalometric landmarks
on lateral cephalograms (A. M.
Schwarz [27]; ). R. Jarabak [17];
W. B. Downs [28]; A. Bjork [16]):
1) £.B;2) £Pn—MP; 3) £I; 4)
Z£.Pn-0cP; 5) ZNSAr; 6) £ Ar—
Go—Me; 7) £ZN—Go—Ar (upper
gonial angle); 8) ZN-Go—Me
(lower gonial angle); 9) ZNSGn
(Y-axis angle); 10) posterior facial
height (S—Go); 11) anterior facial
height (N-Gn)

Source: compiled by the authors
basedon [16, 17,27, 28.]

MATERIALS AND METHODS
Lateral cephalograms of patients with orthodontic pa-
thology who sought consultation at the Department of
Orthodontics, Shupyk National Healthcare University of
Ukraine (Kyiv, Ukraine) were analysed. The maxillofacial
growth pattern was determined in the vertical plane us-
ing anintegrated method based on both qualitative and
quantitative parameters (Table 1, Table 2, Fig. 1, Fig.2).
For the horizontal maxillofacial growth pattern (other
terms: counterclockwise growth rotation, short face, low
angle, anterior mandibular rotation, convergent type),
the following features are characteristic: a convex contour
in the chin region (mandible); an elongated symphysis
in the sagittal (horizontal) plane; a low condylar process;

1314

counterclockwise rotation of the dentoalveolar complex;
medial deviation of the mandibular head relative to the
neck (towards the midline); an acute mandibularangle;and
a reduced lower third of the face (Table 1, Fig. 1).

For the vertical maxillofacial growth pattern (clockwise
growth rotation, long face, high angle, posterior mandibular
rotation, divergent type), the following features are charac-
teristic:a markedly concave contourin the antegonial notch
region of the mandible; an elongated symphysis in the ver-
tical plane; a high (elongated) condylar process; clockwise
rotation of the dentoalveolar complex; distal deviation of
the mandibular head relative to the neck (away from the
midline); an obtuse mandibular angle; and an increased
lower third of the face (Table 1, Fig. 1).
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RESEARCH DESIGN

4 :

Stage 1: Expert analysis of lateral cephalograms to dete
type of facial growth (separately for each individual and based on
the overall majority)

Number of cephalograms: 292 Number of experts: 2 J

Stage 2: Expert analysis of lateral cephalograms to determine the
type of facial growth (based solely on qualitative characteristics)

Number of cephalograms: 134 Number of experts: 34
t J

\ 4

/Stage 3: Determining the significance of each of the selected\
qualitative and quantitative parameters for identifyingthertypeofn
facial growth

Number of cephalograms: 292 (first dataset — quantitative
parameters only) and 160 (second dataset — quantitative and

qualitative parameters) Number of experts: 2

\

Fig. 3. Research design
j Picture taken by the authors

For the neutral maxillofacial growth pattern, a bal-
anced relationship between the vertical and horizontal
components of growth is characteristic. The contour
of the lower border of the mandible demonstrates a
smooth, uniform course without a pronounced concavi-
ty in the antegonial notch region or excessive convexity
in the chin region. The mandibular symphysis has a
rounded, proportionate shape without a predominant
deformation in either the vertical or sagittal plane. The
height of the condylar process corresponds to average
age-related and morphological characteristics.

Rotation of the dentoalveolar complex is balanced,
without a pronounced tendency toward clockwise
or counterclockwise rotation. The line connecting
the mandibular head with the condylar process has
a straight direction. The mandibular angle remains
within normative values, approximating 123°, without
a tendency toward marked reduction or increase. The
height of the lower third of the face is proportional to
the middle and upper thirds of the face. The quantita-
tive parameters used for determining the maxillofacial
growth pattern are presented in Table 2 and Fig. 2.

In the first stage of the study (Fig. 3), two datasets
were formed. The full dataset included 292 lateral ceph-
alograms of patients of both sexes: 124 males and 168
females (Fig.4a). For all these cephalograms, values of
eleven quantitative parameters were obtained.

In the first (second) dataset, there were 70 (31) lateral
cephalograms of patients aged 5 to 8 years (early mixed
dentition period), 60 (24) cephalograms of patients
aged 9to 12 years (late mixed dentition period), and 162
(105) cephalograms of patients in both the developing
permanent dentition and the fully established perma-
nent dentition period, aged 13 to 50 years (Fig. 4b). All
individuals with permanent dentition were grouped.

The second dataset is a random subset of the first
and contains 160 lateral cephalograms (73 males and
87 females), for which qualitative parameters were
additionally considered (a total of seven parameters).

In the first (second) dataset, there were 70 (31) lateral
cephalograms of patients aged 5 to 8 years (early mixed
dentition period), 60 (24) cephalograms of patients aged
9to 12 years (late mixed dentition period), and 162 (105)
cephalograms of patients in both the developing perma-
nent dentition and the fully established permanent den-
tition period, aged 13 to 50 years (Fig. 4b). All individuals
with permanent dentition were grouped.

In the second stage of the study (Fig. 3), 134 lateral
cephalograms were randomly selected from the 292
cephalograms to compare the results of maxillofacial
growth pattern assessment based on the absolute
majority of qualitative (Table 1, Fig. 1) and quantita-
tive (Table 2, Fig. 2) parameters with expert evaluation
based solely on qualitative parameters.
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Fig. 4. Distribution of patients whof lateral cephalograms were analyzed according to: (a) sex (1 —male, 2 — female); (b) stage of dentition development (1 early mixed
dentition period, age 68 years; 2 — late mixed dentition period, age 912 years; 3 — developing and established permanent dentition period, age 13—50 years)

Picture taken by the authors
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Fig. 5. Distribution of patients’
lateral cephalograms according to
the maxillofacial growth pattern:
1) vertical type, 2) horizontal type,
3 3) neutral type
Picture taken by the authors

The experts were 34 participants of an orthodontic
specialization course. After studying the topic and ac-
quiring practical skills, they were provided with links
to complete a Google Form containing 134 tasks. Each
task included a photographic image of one of the se-
lected lateral cephalograms, and the respondents were
required to assign one of three maxillofacial growth
pattern types: neutral, vertical, or horizontal. The true
growth pattern was defined as the one previously de-
termined by the absolute majority of qualitative and
quantitative parameters for each lateral cephalogram.

In the third stage of the study (Fig. 3), an analysis of
292 lateral cephalograms was performed to identify the
parameters most significant for determining the maxillo-
facial growth pattern. The determination was based on
the absolute majority of positive quantitative parameters
(i.e., those corresponding to the values characteristic of
a specific growth pattern). For 160 lateral cephalograms,
qualitative parameters were also assessed.

Statistical data processing was performed by calculat-
ing diagnostic performance metrics for each qualitative
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and quantitative parameter of the lateral cephalograms.
For each indicator, balanced accuracy, sensitivity, spec-
ificity, and positive predictive value were determined.
Calculations were based on contingency tables using a
one-vs-restapproach for each type of maxillofacial growth
pattern, followed by averaging of the obtained values.

Accuracy is defined as the average probability of a
correct (both positive and negative) test result across all
types of maxillofacial growth patterns. Balanced accura-
cy accounts for the imbalance between the numbers of
positive and negative cases in the overall dataset.

Sensitivity is defined as the average probability across
all maxillofacial growth patterns of correctly classifying
a case with a positive value of the tested parameter.
Specificity is defined as the average probability across
all maxillofacial growth patterns of correctly classifying
a case with a negative value of the tested parameter.
Positive predictive value is defined as the average
probability of correct identification of the maxillofacial
growth pattern among all cases classified as such based
on a given cephalometric parameter.
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Fig. 6. Number of correctly identified maxillofacial growth patterns based on qualitative parameters. The assessment was performed by 34 experts

(participants of a specialization course)
Picture taken by the authors

The 95% confidence interval (Cl) limits were calculated
using the Wald method; differences were considered
statistically significant at p<0.05.

ETHICS

The study was conducted in accordance with the
principles of the Declaration of Helsinki. All patients or
their legal representatives provided written informed
consent for the use of diagnostic materials for scientif-
ic purposes. All lateral cephalograms included in the
study were anonymised in advance; only the patients’
age and sex were recorded in the database. The study
protocol was reviewed and approved by the local bio-
ethics committee.

RESULTS

As a result of the first stage of the study, it was estab-
lished that, among 292 patients of both sexes aged
5 to 50 years, 121 had a neutral maxillofacial growth
pattern, 103 had a vertical growth pattern, and 68 had
a horizontal growth pattern (Fig.5).

The analysis of expert responses based solely on qual-
itative parameters (second stage) to the proposed tasks
showed that the correct maxillofacial growth pattern
was identified in an average of only 81 out of 134 cases,
corresponding to 60.45% (Fig. 6).

The lowest number of errors in determining the
maxillofacial growth pattern was made by four experts.
They correctly identified the growth patternin 120-122
out of 134 cases (89.6%-91.0%). The highest number of
errors in determining the growth pattern based solely
on qualitative features was made by two experts, who
provided 47 correct answers each out of 134 (35.1%).

The remaining 28 experts correctly identified the
maxillofacial growth pattern in 47 to 120 cases (35.1%
t0 89.6%)).

In the third stage of the study, the statistical agreement
between the maxillofacial growth pattern determined
by each quantitative or qualitative cephalometric pa-
rameter and the true value was analysed. The results are
summarised in Table 3 (for quantitative cephalometric
parameters) and Table 4 (for qualitative cephalometric
parameters). The values in parentheses indicate the pos-
itive predictive value of the parameter in determining
the corresponding maxillofacial growth pattern (i.e., the
number of correctly identified cases among all cases
classified as such based on the given parameter).

Tables 5 and 6 present the diagnostic performance
indicators for the determination of the maxillofacial
growth pattern by each cephalometric parameter, cal-
culated based on the distributions obtained in Table 3
and Table 4, respectively.

As shown in Table 5, among the quantitative cephalo-
metric parameters, the best diagnostic performance is
demonstrated by ZN-Go-Me, followed by 2Ar-Go-Me,
£Pn-MP, and £B, which show nearly identical values.

The least informative parameters are £I, ZNSAr, and
2N-Go-Ar, whose positive predictive value does not
exceed 40%. When using ZN-Go-Me as the sole param-
eter for determining the maxillofacial growth pattern,
17-18% misclassifications should be expected. This
parameter demonstrates relatively high specificity (up
to 90%) and slightly lower sensitivity (up to 82%).

It should be noted that some cephalometric parame-
ters demonstrated an almost 100% positive predictive
value for the identification of a specific maxillofacial
growth pattern (e.g., £Pn-MP, £B, or £Pn-OcP for the
identification of the horizontal growth pattern; see Ta-
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Table 3. Distribution of maxillofacial growth patterns determined by each quantitative cephalometric parameter according to their agreement with

the true types
Maxillofacial growth pattern Vertical (v) Horizontal (h) Neutral (n)
Number of lateral cephalograms 103 68 121
\Y 82 (80.4%)* 0 20
/N-Go-Me h 0 59 (92.2%)* 5
n 21 9 96 (76.2%)*
\Y 38 (97.4%)* 0 1
LAr-Go-Me h 0 35 (74.5%)* 12
n 65 33 108 (52.4%)*
v 99 (64.7%)* 2 52
/Pn-MP h 0 19 (100.0%)* 0
n 4 47 69 (57.5%)*
\Y 100 (64.5%)* 0 55
/B h 0 17 (100.0%)* 0
n 3 51 66 (55.0%)*
v 40 (80.0%)* 0 10
£NSGnyronocnY h 1 14 (82.4%)* 2
n 62 54 109 (48.4%)
g v 49 (75.4%)* 2 14
% (SGo)/(NMe) x100 h 5 61 (51.3%)* 53
r:«_’ n 49 5 54 (50.0%)*
\Y 60 (63.2%)* 4 31
( A,E@'f&*e % w0 h 14 37 (52.9%)* 19
n 29 27 71 (55.9%)*
v 101 (36.4%) 55 121
/PnOcP h 0 1(100%)* 0
n 2 12 0 (0,0 %)
\Y 41 (37.3%) 22 47
VAl h 0 0 (0.0%) 0
n 62 46 74 (40.6%)
\Y 24 (49.0%) 5 20
ZNSAr h 7 11 (28.2%) 21
n 72 52 80 (39.2%)
\Y 30 (33.7%) 22 37
£N-Go-Ar h 34 23 (26.7%) 29
n 39 23 55 (47.0%)

Note: * — cases where the positive predictive value of the parameter for the given maxillofacial growth pattern is not less than 50%

Source: compiled by the authors of this study

ble 3). However, this provides limited practical benefit,
as among 68 truly horizontal cases, these parameters
correctly identified only 1.5-28% of them.

Among the qualitative cephalometric parameters (Ta-
ble 6), the best diagnostic performance was observed
forthe”mandibular angle’,“height of the condylar pro-
cess’,and “contour of the lower border of the mandible”.
The least informative parameter was the “line connect-
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ing the mandibular head with the condylar process’,
although its positive predictive value remained not
lower than 50%.

Overall, qualitative parameters demonstrated slightly
lower performance compared to quantitative ones. The
best-performing qualitative parameter, the“mandibular
angle’, when used as the sole criterion for determining
the maxillofacial growth pattern, may result in up to
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Table 4. Distribution of maxillofacial growth patterns determined by each individual qualitative cephalometric parameter according to their agree-

ment with the true types
Maxillofacial growth pattern Vertical (v) Horizontal (h) Neutral (n)
Number of lateral cephalograms 65 25 70
\Y 59 (77.6%)* 0 17
Mandibular angle h 0 15 (83.3%)* 3
n 6 10 50 (75.8%)*
v 34 (81.0%)* 0 8
Height c;i;t:scsondylar h 1 16 (80.0%)* 3
n 30 9 59 (60.2%)*
Contour of the lower v 49 (76.6%)* 0 15
border of the man- h 1 15 (65.2%)* 7
dible n 15 10 48 (65.8%)*
T v 58 (71.6%)* 0 23
(] i -
g Rotation of the den h 1 17 (58.6%)* 1
I toalveolar complex
& n 6 8 36 (72.0%)*
\Y 44 (81.5%)* 1 9
Height of the lower 0
third of the face h ! 18 (38.3%) 28
n 20 6 33 (55.9%)*
\Y 31 (75.6%)* 0 10
Shape of the mar.ldlb- h 5 12 (44.4%) 13
ular symphysis
n 32 13 47 (51.1%)*
Line connecting the M 4 (50.0%)* 0 4
mandibular head with h 4 14 (53.8%)* 8
the condylar process n 57 1 58 (46.0%)

Note: * — cases where the positive predictive value of the parameter for the given maxillofacial growth pattern is not less than 50%

Source: compiled by the authors of this study

21-22% misclassifications. Nevertheless, this parameter
shows relatively high specificity (over 87%) and slightly
lower sensitivity (over 74%).

DISCUSSION
Research that exactly matches the aim and design of
our work was not found, which underlines its relevance.
However, individual qualitative cephalometric features,
such as the contour of the lower border of the mandible
[29] or the line connecting the mandibular head with
the condylar process [30], are considered indicators of
mandibular rotation. In contrast, recent studies confirm
the importance of specific morphometric characteristics
of the mandible, including the gonial angle, mandibular
body angle, ramus height, and the ratio of anterior to
posterior facial height, in differentiating hyperdiver-
gent, normodivergent, and hypodivergent maxillofacial
growth patterns [31].

Our results do not appear isolated; rather, they fit well
within current trends. The existing literature most strong-
ly supports three of our findings: (1) the high diagnostic

value of mandibular angles; (2) the importance of con-
dylar (ramus) height in identifying the vertical growth
pattern of the maxillofacial complex [32].

What is most strongly supported in the current liter-
ature is the correlation between individual quantitative
parameters and the determination of the maxillofacial
growth pattern. For example, recent studies identify the
mandibular angle and the inclination of the mandibular
plane relative to the cranial base as the most informa-
tive parameters for distinguishing the hyperdivergent
growth pattern [33]. In a large 2024 study employing
machine learning (ML-NSL—an analogue of SN-GoMe
/ SN-GoGn in different analyses) with computer-based
computation, this parameter was shown to be the most
influential feature in the classification of anterior open
bite and vertical skeletal imbalance [34].

Our finding regarding the high significance of angles
such as £ZN-Go-Me and 2Ar-Go-Me is well aligned
with these recent data. Although contemporary authors
more commonly use the notations SN-GoGn / SN-MP /
ML-NSL/FMA/gonial angle rather than ZN-Go-Me, the
underlying concept remains consistent: the mandibular
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Table 5. Statistical performance indicators for the determination of the maxillofacial growth pattern using different quantitative cephalometric parameters.

Balanced accura .. e Positive predictive
Parameter e Y Sensitivity (95%Cl)  Specificity (95%Cl) e (‘_:,5% o
0.859 0.819 0.899 0.829
£NGoe (0.819-0.899) (0.743-0.895) (0.857-0.941) (0.754-0.904)
0.691 0.592 0.789 0.748
LArGoMe (0.638-0.744) (0.494-0.690) (0.732-0.846) (0.662-0.834)
Lo 0.704 0.604 0.805 0.741
(0.652-0.756) (0.507-0.701) (0.749-0.861) (0.654-0.828)
8 0.693 0.589 0.798 0732
(0.640-0.746) (0.491-0.687) (0.742-0.854) (0.644-0.820)
0.625 0.498 0.752 0.703
£NSGnyronoaY (0.569-0.681) (0.399-0.597) (0.691-0.813) (0.612-0.794)
0.693 0.606 0.780 0.589
(GOl NMe)x100 (0.640-0.746) (0.509-0.703) (0.722-0.838) (0.491-0.687)
0.676 0571 0.780 0573
(ZN-GOANV/IZN-Go-Me) x100 (0.622-0.730) (0.473-0.669) (0.722-0.838) (0.475-0.671)
0.497 0332 0.662 0.455
£PrOcP (0.440-0.554) (0.238-0.426) (0.596-0.728) (0.356-0.554)
B 0.502 0337 0.668 0.390
(0.445-0.559) (0.243-0.431) (0.602-0.734) (0.293-0.487)
NSA 0512 0352 0673 0.388
(0.455-0.569) (0.257-0.447) (0.607-0.739) (0.291-0.485)
NGO 0.521 0.361 0.681 0.358

(0.464-0.578)

(0.266-0.456) (0.616-0.746) (0.263-0.453)

Source: compiled by the authors of this study

Table 6. Statistical performance indicators for the determination of the maxillofacial growth pattern using different qualitative cephalometric parameters.

s Balanced accuracy e e o o~ o Positive predictive
Qualitative feature (parameter) (95%C1) Sensitivity (95% Cl) Specificity (95% Cl) value (95%(Cl)
Mandibular andle 0.807 0.741 0.874 0.789
9 (0.746-0.868) (0.623-0.859) (0.811-0.937) (0.679-0.899)
Height of the condylar process 0.743 0.669 0818 0.737
9 ylarp (0.675-0.811) (0.543-0.795) (0.745-0.891) (0.619-0.855)
. 0.757 0.680 0.835 0.692
Contour of the lower border ofthe mandible .51 1 o55) (0.555-0.805) (0.765-0.905) (0.568-0.816)
Rotation of the dentoalveolar complex 0.767 0.696 0.838 0.674
P (0.701-0.833) (0.573-0.819) (0.768-0.908) (0.548-0.800)
. ) 0.710 0.623 0.797 0.586
Height of the lower third of the face (0.640-0.780) (0.493-0.753) (0.721-0.873) (0.454-0.718)
. . 0.652 0.543 0.761 0.570
Shape of the mandibular symphysis (0.578-0.726) (0.409-0.677) (0.680-0.842) (0.437-0.703)
The line connecting the mandibular head 0.594 0.483 0.704 0.500

with the condylar process (0.518-0.670)

(0.349-0.617) (0.617-0.791) (0.366-0.634)

Source: compiled by the authors of this study

plane angle and gonial angle are consistently increased
in hyperdivergent patients and decreased in hypodiver-
gent patients [35].

In our study, we did not confirm the high diagnostic
significance of the Y-axis (parameter 9, Fig. 2). This find-
ing may be addressed in future research, potentially
involving larger sample sizes.
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Further research perspectives include the analysis of partial
combinations of the examined cephalometric parameters with
the aim of potentially increasing their overall predictive value.

CONCLUSIONS

1. When assessing the maxillofacial growth pattern
based exclusively on qualitative parameters, incor-
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rect identification is possible in an average of 37.6%
of cases (range: 10.4%-64.9%).

Among the qualitative parameters used for deter-
mining the maxillofacial growth pattern, the high-
est positive predictive value was observed for the
following (in descending order): mandibular angle
- 78.9%; height of the condylar process — 73.7%;
contour of the lower border of the mandible — 69.2%.
The lowest positive predictive value was observed

for the “line connecting the mandibular head with
the condylar process” - 50%.

. Among the quantitative parameters used for deter-

mining the maxillofacial growth pattern, the highest
positive predictive value was observed for the following
(indescending order): ZN-Go-Me —82.9%, £Ar-Go-Me
- 74.8%, £Pn—-MP - 74.1%. The lowest positive predic-
tive value was observed for the following (in ascending
order): ZN-Go-Ar — 35.8%; ZNSAr — 38.8%; 21 — 39.0%.
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