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CHANGES IN CRANIOFACIAL PARAMETERS DUE TO DISTAL MOVEMENT
OF PERMANENT MAXILLARY MOLARS IN PATIENTS WITH DISTAL OCCLUSION
AND VERTICAL JAW GROWTH DIRECTION
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The study is devoted to the research of changes in the parameters of the facial part of the skull due to the distal
displacement of the permanent molars of the upper jaw in patients with a distal bite, with a vertical direction of jaw growth. To
determine the peculiarities of the morphological structure of the facial skull, 98 teleradiographs of the head were used, performed
in lateral projection. To determine the features of the structure of the facial skull in patients with distal occlusion, 15 angular and
9 linear parameters were studied. The distalization of permanent maxillary molars in patients with distal occlusion and vertical jaw
growth direction leads to significant changes in craniofacial parameters. The study found an increase in anterior facial height and
alterations in the angular measurements of the facial skeleton, which are indicative of clockwise rotation of the mandibular plane
and counterclockwise rotation of the occlusal plane.
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3MIHA TAPAMETPIB JIMIEBOI'O BIAJALJTY YEPEITA BHACJ/ILJIOK JUCTAJIBHOI'O
NEPEMIIIEHHA MOCTIMHUX MOJISAAPIB BEPXHbLOI HIEJIEIIN Y MAIIEHTIB
3 JUCTAJIBHUM ITPUKYCOM, 3 BEPTUKAJIBHUM HAIIPAMOM POCTY HIEJIEIL

JlocnifpkeHHsT TIPUCBSYCHE BHBYCHHIO 3MiH I[apaMeTpiB JIMIEBOrO BiJJily dYepema BHACTIJIOK AUCTAJILHOTO
HepeMilllyBaHHs ITOCTIHHUX MOJIAPIB BEPXHBOT IIEICHH Y NaLi€HTIB 3 JUCTAIBHUM IIPUKYCOM, 3 BEPTHKAJILHUM HAIPIMOM POCTY
menen. Jlns Bu3HaueHHs ocoOnuBocTeil MopgonoriuHoi OymOBHM JIMIEBOTO BiAiNy 4Yepena BHKOPHCTOBYBaIM 98
TEJIEPEHTICHOrPaM T'OJIOBH, BUKOHAHUX B OOKOBHX MPOEKIIii. [yisi BU3HAUCHHs 0cO0IMBOCTEH Oy IOBH JIMLIEBOTO Bigainy Yepena y
MALi€HTIB 3 AMCTAIBHOIO OKIO3i€l0 Oyiu BuBYeHi 15 kyToBux i 9 niHiliHMX mapamerpu. Jlucrainizaiis MOCTIHHHX MOJISPIB
BEPXHBOI IIEJICIH Y MALEHTIB 3 AUCTAIBHAM IIPHKYCOM Ta BEPTHKAIBHIM HAIPSIMKOM POCTY ILEJICH MPU3BOIHUTH 0 3HAYHUX 3MiH
HIETICTTHO-JIMICBUX TTapaMeTpiB. JlochikKeHHS BUSBIIIO 30UTBIICHHS BUCOTH MEPEIHBOTO BIIAUTY OOMMYYS Ta 3MiHH KYTOBHX
BUMIPIB JINL[bOBOTO CKEJIETA, AKi CBIIYaTh PO 00ePTaHHS HIKHBOLLEIEITHOT IUIOIIMHH 33 F'OJMHHUKOBOIO CTPIIIKOIO Ta 00epTaHHs
OKJIFO31#{HOT IUTOIIMHK TIPOTH TOJUHHUKOBOI CTPLIKH.

Ku1ro4oBi ci10Ba: BepxHs 11eJIena, HOCTiHHI MOJISpH, AUCTAIBHU IIPUKYC, YEPEIl, TeICPEHTICHOIPAMH.

The work is a fragment of the research project “Development and introduction into clinical practice of methods of
diagnosis, prevention and treatment of osteogenesis disorders during dental intervention in patients in wartime” state registration
No. 0123U103247.

Changes in the parameters of the facial skull due to the distal movement of the permanent molars
of the upper jaw in patients with a distal occlusion are an important topic of research in the field of
orthodontics [6, 7]. Given the growing interest in optimizing methods of treatment of malocclusion,
especially in children and adolescents, this issue is becoming particularly relevant [2, 5, 9]. Distal
malocclusion, also known as retrognathia, is characterized by the misalignment of the upper teeth relative
to the lower teeth, which can lead to functional and aesthetic problems [3].

The distalization of the permanent molars of the upper jaw is one of the methods of distal occlusion
correction, which allows changing the position of the teeth and, accordingly, the parameters of the facial
skull [8, 10]. Important factors affecting the effectiveness of this method are the patient's age, type of jaw
growth, stage of bite formation, and other individual anatomical features. The vertical direction of jaw
growth, in particular, has a significant impact on treatment outcomes, as it determines the spatial changes
that occur during molar distalization.

The relevance of the study is due to the need to improve orthodontic treatment methods to ensure
long-term stable results and improve the quality of life of patients with malocclusion.

The purpose of the study was to establish the changes in the parameters of the facial skull as a
result of distal displacement of the permanent molars of the upper jaw in patients with a distal bite, with a
vertical direction of jaw growth.
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Materials and methods. The study involved 52 patients who came to the Department of
Orthodontics of the Bogomolets National Medical University at the age of 8-16 years with a distal
occlusion. To determine the peculiarities of the morphological structure of the facial skull, 98
teleroentgenograms of the head performed in lateral projection were used. Lateral teleroentgenograms of
the head were made on the apparatus “ORTHOPHOS” of the company “SIRONA SIDEXIS”, at a focal
length of 150 cm, voltage 65—75 kV, exposure time — 1.6-2.0 s, current strength — 14 mA. The head was
fixed using a cephalostat. The beam was directed to the middle of the external auditory canal. To determine
the structural features of the facial skull in patients with distal occlusion, 15 angular and 9 linear parameters
were studied.

The direction of jaw growth was determined by the value of the total angle according to Bjork [4].

The results were processed by variational statistical methods of analysis using the Microsoft Office
Excel 2016 software. Statistical processing of the experimental study results was carried out by the methods
of variation analysis using the Student's test. The difference was considered statistically significant at
p<0.01 [9].

Results of the study and their discussion. As a result of the cephalometric analysis of the lateral
cephalometric radiographs of patients with distal occlusion and a vertical jaw growth pattern, it was
determined that the distalization of the permanent molars of the upper jaw leads to an increase in several
key craniofacial parameters. Specifically, there is an increase in the angular measurements NSMP (Nasion-
Sella-Mandibular Plane), PnOcP (Palatal-Occipital Plane), and SpPMP (Sella-Posterior Nasal Spine to
Mandibular Plane). In addition to these angular changes, there are also significant increases in linear
measurements, including N-Gn (Nasion-Gnathion), S-Go (Sella-Gonion), A'-B' (Point A to Point B), and
M'-J' (Mandibular to Jaw Junction). These changes are illustrated in Fig. 1.

The observed increase in NSMP and SpPMP parameters is intricately linked to the clockwise
rotation of the mandibular plane relative to the NS (Nasion-Sella) plane. This rotation is directly attributable
to the distalization of the maxillary molars, a common orthodontic intervention. As the molars move
distally, the mandible undergoes a clockwise rotation, leading to a notable increase in the overall anterior
facial height. Specifically, this increase is seen as an elongation of the anterior lower facial height, which
directly impacts the overall facial proportions by making the lower part of the face appear longer.
Additionally, the posterior facial height also experiences an increase, primarily due to the elongation of the
posterior lower facial height. This change in posterior height contributes to a more balanced and
proportional craniofacial structure, enhancing both functional and aesthetic outcomes of the treatment.

Moreover, the increase in the PnOcP parameter is a result of the counterclockwise rotation of the
occlusal plane relative to the NS plane. This counterclockwise rotation occurs due to the distal movement
of the molars, which affects the spatial orientation of the occlusal plane. As the molars shift distally, the
occlusal plane tilts upward in a counterclockwise direction, leading to significant changes in the vertical
dimensions of the facial skeleton. This upward rotation of the occlusal plane not only influences the dental
alignment but also contributes to the overall facial aesthetics by altering the vertical height relationships
within the craniofacial complex. These combined rotational movements underscore the intricate
relationship between dental procedures and craniofacial morphology, highlighting the need for a thorough
understanding of individual anatomical characteristics to optimize orthodontic treatment outcomes.

The data on the results of the radiographic examination of the lateral view of the heads of patients
with a distal occlusion before and after the distalization of the permanent molars of the upper jaw, with a
vertical type of jaw growth, are presented in Table 1.

Thus, based on the results of the conducted research, it has been established that during the distal
movement of the permanent molars of the upper jaw in patients with distal occlusion and a vertical growth
pattern, several significant changes occur in craniofacial parameters. Specifically, there is a
counterclockwise rotation of the occlusal plane relative to the NS plane. This upward counterclockwise
rotation is a direct consequence of the distal displacement of the molars, which alters the spatial orientation
of the occlusal plane. Additionally, there is a clockwise rotation of the mandibular plane relative to the NS
plane. This downward clockwise rotation is induced by the distalization of the molars, leading to
adjustments in the vertical dimensions of the face. These rotational changes result in an increase in the
overall anterior facial height. The increase in anterior facial height is closely associated with an elongation
of the anterior lower facial height. This elongation modifies the facial proportions, making the lower part
of the face appear longer and more pronounced. Furthermore, the posterior facial height also increases,
which is linked to the elongation of the posterior lower facial height. These changes in both the anterior
and posterior facial heights contribute to a more balanced craniofacial structure, which can enhance both
functional and aesthetic outcomes for the patient.
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Table 1
Changes in the parameters of the facial cranium in patients with a distal occlusion before
and after the distalization of the permanent molars of the upper jaw and with a vertical type of jaw growth,

M=+m
Terms Before treatment After treatment
Parameters
Angular:
ZSNA 81.36+0.75 81.75+0.87
ZSNB 79.37+0.45 79.63+0.72
ZANB 2.26+0.57 2.12+0.58
ZNAB 170.63+0.22 170.63+0.69
ZSNPg 80.25+0.38 80.62+0.82
ZNAPg 174.75+0.29 174.88+0.49
ZNSAr 123.13+0.34 123.22+0.38
ZSArGo 140.13+0.65 140.08+0.91
£ ArGoGn 126.88+0.25 126.50+0.97
ZNSMP 30.13+0.65 32.65+0.35
£ PnSpP 84.83+0.52 81.38+0.91
£PnOcP 73.38+0.37 75.254+0.59
£ PnMP 62.38+0.67 62.75+0.55
< SpPMP 22.50+0.34 23.47+0.41
Linear:
N-Gn 100.44+0.93 102.74+0.57
S-Go 64.64+0.37 67.88+0.89
S-PNS 39.46+0.42 39.48+0.96
Ar-Go 37.06+0.79 37.234+0.83
N-ANS 46.96+0.46 47.10+0.78
A'-B' 56.15+0.61 58.95+0.72
M'-J! 36.48+0.42 39.29+0.74
A'-M' 46.09+0.75 46.14+0.87
B'-J 45.93+0.97 46.30+0.53

A schematic representation of changes in angular and linear parameters in patients with a distal
occlusion and a vertical type of jaw growth due to the distalization of the permanent molars of the upper
jaw is shown in Fig. 2.

IZZAZZ 100.44  102.74
100. %
80.00 74.5’%/ 76.80 % 67 58
5000 / % 64% s6.15 58.95
40.00 35-38 3330% - 60% % % 36,48 0
% % 27.38 5. / % % %
=2 11111
A ZNSMP £PnOcP £SpPMP N-Gn S-Go A'-B' M-
7 Before treatment  ® After treatment
.Fig. l Changes_in the parameters of the facial_crar}ium in patients with Fig. 2. Schematic r'epreser}tatio.n of c.hangeslin
a vertical direction of jaw growth in the process of distalization of permanent the parameters of the facial cranium in patients with
molars of the upper jaw before and after treatment. a distal overbite and vertical growth in the process of

distal movement of the maxillary molars: a — before
treatment; b — after treatment.

In summary, the distal movement of the upper molars in patients with distal occlusion and vertical
jaw growth results in complex rotational adjustments of both the occlusal and mandibular planes. These
adjustments lead to significant changes in the vertical dimensions of the facial skeleton, emphasizing the
need for a comprehensive understanding of individual growth patterns and anatomical features to achieve
optimal orthodontic treatment results.

The results of our study indicate significant craniofacial changes due to the distalization of
permanent maxillary molars in patients with distal occlusion and vertical jaw growth patterns. The
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increases in NSMP, PnOcP, and SpPMP parameters, along with the linear measurements N-Gn, S-Go, A'-
B', and M'-J', reflect the complex biomechanical adjustments occurring in response to this orthodontic
intervention. Our findings are consistent with those reported in previous studies, which demonstrated that
the distal movement of upper permanent molars using midpalatal mini-implants resulted in substantial
craniofacial changes, emphasizing the role of dental appliances in achieving desired orthodontic outcomes
[7]. Similarly, other research highlighted the efficacy of various distalization techniques in altering molar
positions and their subsequent impact on facial structures [6]. The observed rotational movements —
counterclockwise rotation of the occlusal plane and clockwise rotation of the mandibular plane — are critical
in understanding the spatial reorientation of craniofacial components. These rotations lead to an increase
in anterior facial height, which aligns with findings that molar distalization with clear aligners influences
the occlusal vertical dimension, thereby altering the vertical facial height [3]. Furthermore, our results
underscore the importance of considering individual growth patterns, as the vertical direction of jaw growth
significantly affects treatment outcomes. This observation is supported by studies utilizing Bjork's growth
indications to evaluate skeletal morphology extremes, highlighting the need for tailored orthodontic
approaches based on specific growth patterns [4]. The increase in posterior facial height observed in our
study is also noteworthy. Similar findings were reported in studies on molar distalization with pendulum
appliances, noting that such interventions can affect the position of unerupted canines and premolars,
ultimately contributing to changes in posterior facial height [8]. The use of lateral cephalometric
radiographs provided comprehensive insights into the morphological changes, reinforcing the validity of
our findings. In conclusion, the distalization of permanent maxillary molars in patients with distal occlusion
and vertical jaw growth results in significant craniofacial adjustments. These changes underscore the
importance of personalized orthodontic treatment plans that consider individual anatomical and growth
characteristics. Our findings contribute to the growing body of evidence on the efficacy of molar
distalization techniques, providing valuable insights for optimizing orthodontic treatment outcomes.

%

1. The distalization of permanent maxillary molars in patients with distal occlusion and vertical jaw
growth direction leads to significant changes in craniofacial parameters. The study found an increase in
anterior facial height and alterations in the angular measurements of the facial skeleton, which are indicative
of clockwise rotation of the mandibular plane and counterclockwise rotation of the occlusal plane.

2. The findings underscore the importance of considering individual anatomical features and
growth patterns when planning orthodontic treatment for patients with distal occlusion. The vertical growth
direction significantly influences treatment outcomes, making it crucial to tailor interventions to each
patient’s specific morphological characteristics to achieve stable and effective results.

3. The study highlights the necessity for further research to refine orthodontic techniques and
improve long-term outcomes for patients with malocclusion. By understanding the impact of molar
distalization on craniofacial structures, clinicians can enhance treatment protocols and improve the overall
quality of life for affected individuals.
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