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ABSTRACT

BACKGROUND: This study evaluated the thickness of the maxillary alveolar process in the anterior teeth using cone-beam
computed tomography (CBCT) to determine safe torque and bracket parameters prior to orthodontic treatment in servicemen
with distal occlusion (distoclusion).

MATERIALS AND METHODS: In a medical examination in 2024, CBCT data from 58 male servicemen aged 22-30 years old
diagnosed with occlusal anomalies (K07.1, K07.2, and K07.3 per the International Classification of Diseases, 10th Revision)
were analyzed. Bone thickness at the incisors and canines of the maxillary alveolar process was measured on the buccal
and palatal sides using CBCT images in a standard format for processing, storage, transmission, printing, and visualization of
medical images (1500x1700 mm). The maximum palatal bone thickness was observed in the anterior teeth region in 68% of
the participants. The mean values were 6.96 + 0.09 mm for the central incisors, 5.67 + 0.07 mm for the lateral incisors, and
8.6 + 0.08 mm for the canines. The minimum thickness was 0.4-0.6 mm on the buccal side of the canines of 5% of the par-
ticipants, whereas the maximum thickness reached 9.6—11.4 mm on the palatal side of the central incisors of 12% of the
participants.

RESULTS: These values varied by pathology subclass and the presence of dehiscence or fenestrations identified on CBCT. When
planning orthodontic treatment for patients with distoclusion, torque selection for self-ligating brackets on maxillary incisors
and canines should account for the individual tooth bone thickness analysis from CBCT data. Brackets with high or standard
torque are preferred because they optimize root positioning within the bone during tooth movement.

CONCLUSIONS: Thus, the pretreatment selection of bracket parameters facilitates root movement toward the center of the
alveolar process, where bone volume is sufficient, ensuring stable interocclusal contacts. This approach to parameter selection
corrects the bite and enhances overall somatic health.

Keywords: occlusal anomaly; interocclusal contacts; servicemen; self-ligating brackets; high torque; standard torque;
distoclusion; orthodontic treatment.
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AHHOTALNA

AxTtyanbHocTb. OLeHUBAETCA COCTOSHME TONLLMHBI abBEOSIAPHOrO OTPOCTKA BEPXHEN YeNCTM B 061acTU QPOHTaNbHBIX 3y-
60B N0 AaHHBIM KOHYCHO-Ny4eBOM KOMMbIOTEPHOW ToMorpadumn is onpefeneHus nokasaHuin besonacHoro Belbopa Topka
W napameTpoB BpeKeToB nepef, OPTOLOHTUYECKUM NIEHEHNEM BOEHHOCYKALLUMX C AUCTaNIbHBIM MPUKYCOM (AUCTOOKKIIO3MEN).
Martepuans! 1 MeToabl. [lpy npoBe AeHMM exerofHon aucnaHcepusauuy B 2024 r. npoaHanu3npoBaHbl aHHbIE KOMMbIOTEPHBIX
TOMOrpaMM 58 BOEHHOC/TYKALLMX-MY}KUMH C AMarHo3oM aHoManus npukyca K07.1, K07.2, K07.3 (no MexayHapogHoii Knaccu-
¢ukaumm bonesHen 10-ro nepecMotpa) B Bospacte 22—30 net. [1ns onpeneneHns TOMLLMHBLI KOCTHOW TKaHU B 06/1acTi pe3uos
W KJIbIKOB aNIbBEOJIAPHOI0 0TPOCTKA BEPXHEH YEHOCTH C BECTUBYNAPHOI U HEGHON CTOPOH MCMOJIb30BaHbI AaHHbIE KOHYCHO-/Ty4e-
BbIX KOMIMbHOTEPHBIX TOMOrpamMM B hopMate cTaHLapTHOW 06paboTKK, XpaHeHus, Nepeaaym, neyaTv 1 BU3yanu3aumm MeauumH-
CKuX n3obpakeHuii paamepoM 1500 x 1700 MM. HanbonbLuas TonwmMHa KOCTHOM TKaHM ¢ HEGHOI CTOPOHLI B 0611aCTH BCEX PpOH-
TanbHbIX 3y60B onpenensnack y 68 % obcnenyeMbix. CpeiHUe NoKa3aTenm COCTaBUNM AS LieHTpanbHbIX pe3uoB 6,96 + 0,09 Mm;
ansa bokosbIx pesuos 5,67 + 0,07 MM; ana knbikos 8,6 + 0,08 MM. MUHMManbHas ToMLWMHA Y OTAENbHLIX 3yO0B cOCTaBnsAna
0,4-0,6 MM B 0bnacT KNbIKOB € BecTubynspHoi cTopoHbl ¥ 5 % obcnepyembix. MakcuManbHas TONWMHA COCTaBnsAna
9,6—11,4 MM c HEDHOIA CTOPOHBI B 0611aCTW LieHTpabHbIX pe3uoB Yy 12 % obcnesyeMbix.

Pe3ynbrathl. [laHHble 3aBUCENM OT NOAKMIACCA NATONOMMMA WU HaNUuMs OerucueHumMii U GeHecTpaumit No pesynbTaTaM Ko-
HYCHO-Ny4eBbIX KOMMbKITEPHBIX TOMOrpamM. [1pu niaHMpoBaHUM OPTOLOHTUYECKOrO NEYEHUs! MALMEHTOB C AWUCTOOKKIIIO-
3uen BbIDOp TOPKa 418 caMoiUTMpyloLLMX BpeKeToB pe3LoB U KIbIKOB BEPXHEN YeNOCTU JOKEH OCYLLECTBAATLCA C YYETOM
aHanM3a TONLWMHBLI KOCTHOM TKaHW KaX[oro U3 nepeMeLLiaeMblx 3y60B € y4eTOM AaHHBIX KOHYCHO-NYYEBbIX KOMMbIOTEPHBIX
ToMorpamM. [lpuMeHeHe BPEKETOB C BLICOKUMU U CTAHAAPTHBIMU 3HAYEHMSMM TOPKa NPEeLNoYTUTENBHO, TaK Kak OHK obe-
CMEeYMBaIOT ONTUMATIBHOE NOJIOKEHME KOPHA 3yba B Npefenax KOCTHOWM TKaHU Npy NpoBeLEHUM NepeMeLLEeHMii 3y0oB.
3aknouenune. TakuM 06pa3oM, NpeaBapuTeNbHLIN BbIOOP NapaMeTpoB BPEKETOB Ha 3Tane AMArHOCTUKKM CnocobCTByeT ABU-
JKEHMI0 KOpHA 3yba B mpoLiecce JieueHUs B CepeAMHY asibBEOJIAPHOIO OTPOCTKA, FAe UMEeeTCs J0CTaTOuHOe KOJIMYeCTBO KOCT-
HOM TKaHW, 4TO NO3BONSET JOCTUYb CTAOUNBbHBIX MEXOKKITIO3MOHHBIX KOHTAKTOB. TakoW noaxof, K Bblbopy napaMeTpoB an-
napaTypbl MOMOraeT NaUUeHTy He TOMbKO MOYYUTb UCMPaBIEHHbIN MPUKYC, HO M YAYYLWIKTL COCTOSIHME 00LLEeCOoMaTUYeCKOro
3[,0p0BbSl B LIENOM.

KnioueBble cnoBa: aHOManusi OKK/03UM; MEXKOKKITO3UOHHbIE KOHTAKTI; BOEHHOC/yXallue; camonurupyroLine 6p€K9TbI;
BbICOKMI TOPK; CTaH,EI,apTHbIﬁ TOPK; AUCTOOKKJIHO3KUA; OPTOAOHTUYECKOE JIeYeHue.
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BACKGROUND

Developing an orthodontic treatment plan for malocclusion
is the most critical step in clinical orthodontic practice
following obtaining patient consent. Clinicians should be
familiar with management techniques for various nosologic
forms of malocclusion, which allows achieving planned
outcomes within optimal timeframes. According to recent
studies [1-4], the most common malocclusions in Russia
correspond to ICD-10 codes K07.1, K07.2, and K07.3.

Notably, concomitant dental conditions, such as multiple
caries, gingivitis, and periodontitis, increase malocclusion
prevalence up to 58.5%. In children and adolescents with
systemic diseases, the prevalence increases to 74.6%.
Dental and arch anomalies accounted for 39.2% of all cases,
with overbite observed in 23.4%, class Il malocclusion
(distoclusion) in 20.1%, open bite in 19.5%, and class Il
malocclusion (prognathism) in 13.2%.

Our previous research determined high prevalence
of dentofacial deformities and the need for orthodontic
treatment among children and adolescents who represent
the future military personnel reserve. This includes up to
40% of students in pre-university educational institutions
of the Russian Ministry of Defense [5] and higher military
educational institution applicants [6, 7].

Against previous assumptions, malocclusions do not
self-correct with age. Zangieva et al. reported no decline
in malocclusion rates in adults [8]. Cephalometric data
showed that prevalence of distoclusion increases with age,
reaching 59.1%-69.4%, depending on the assessment criteria,
whereas that of class Ill malocclusion reach 12.2%-22.5%.

In clinical practice, the combined form of distoclusion is
frequently observed, characterized by dental arch narrowing,
a traumatic overbite, and mandibular displacement. Based
on diagnostic findings and facial aesthetics, most treatments
aim to distalize the posterior segments of the maxilla and
create space in the anterior segment to allow for incisor
retraction or torque adjustment. These reduce sagittal
discrepancies and correct vertical relationships through
anterior incisor intrusion and posterior teeth extrusion.
The clinical presentation of class Il anomalies varies. Cases
range from incisor protrusion with sagittal discrepancy to
palatal incisor positioning with traumatic occlusion in the
anterior segment. In all sagittal plane anomalies, axial
inclination of the incisors is disrupted. Given the diversity of
clinical presentations, a universal and detailed treatment for
this condition remains to be established [9].

In adults with distoclusion, treatment relies on maximum
skeletal anchorage, with tooth movements performed
within the alveolar bone in the anchorage zones and
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anterior region [10, 11]. The use of mini-implants (MIs)
enables non-extraction approaches while preserving facial
aesthetics and achieving optimal cusp-fossa interdigitation
in the posterior region. Creating space allows correcting the
anterior region. It is employed to distalize the posterior teeth,
subsequently modifying the inclination of the anterior teeth
to optimize occlusal vertical dimension and reduce sagittal
discrepancies. Additionally, it enhances facial aesthetics by
correcting anterior dental protrusion and altering lip posture.
The success of this technique is characterized by proper
placement of Mls, primary implant stability, and adequate
space in the retromolar area for distal tooth movement.
However, it may be ineffective in cases wherein extraction
of the third molars is not feasible owing to their atypical
position, associated complications, or contraindications
related to the patient’s general health. Thus, alternative or
adjunctive methods to adjust tooth inclination and manage
torque in the anterior segment remain critical.

Tooth movements should be substantiated by cone-beam
computed tomography (CBCT) of alveolar bone thickness.
During diagnosis, the orthodontist determines the core
biomechanical approach and anticipates clinical challenges
in tooth movement that may occur during treatment.

Therapy involves selecting bracket prescriptions
with torque options to improve tooth positioning and
achieve optimal esthetic outcomes. In this context, torque
refers to the inclination or angulation of a tooth during
treatment. General guidelines for torque selection consider
the pretreatment positioning of the anterior teeth and
malocclusion classification.

Recommendations for torque selection are often
inconsistent; some are based on individual tooth positioning
and others on malocclusion class. Notably, torque values
correlate with arch size and dental arch length. Devising
a treatment plan is challenging for novice clinicians, as
torque may need to be selected not for an entire tooth group
but for each tooth.

This study aimed to assess the thickness of the maxillary
alveolar process using CBCT to establish safe torque
parameters and bracket selection criteria prior to orthodontic
treatment in servicemen with distoclusion.

MATERIALS AND METHODS

As part of the 2024 annual medical examination, CBCT
scans in DICOM format (Digital Imaging and Communications
in Medicine format, which is the standard for processing,
storing, transmitting, printing, and visualizing medical
images) of 58 male servicemen aged 22-30 years serving
under contract and diagnosed with distoclusion were
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analyzed. CBCT was performed using the CS 9000 3D scanner
(Carestream Dental, USA). Alveolar bone thickness was
measured on the vestibular and palatal sides in the anterior
maxillary region at the central and lateral incisors and
canines (teeth 1.3-2.3).

The inclusion criteria were presence of malocclusion
classified under ICD-10 codes K07.1, K07.2, and K07.3;
diagnosis of class Il malocclusion (distoclusion); and absence
of chronic cardiovascular or endocrine disorders.

To determine tooth angulation and cortical plate
thickness, the tooth axis was established using two reference
points along the root canal visible on the radiography. Then,
the area of periosteal attachment was identified. Vestibular
and palatal cortical plate thickness was measured as the
perpendicular distance from the tooth axis to the cortical
surface at the apex and midpoint between the apex and
periosteal level on the palatal side.

The scanning field included the jaws, maxillary sinus,
and orbit. The scanning conditions were as follows: voltage,
60-99 kV; current, 4~10 mA; minimum informative slice

Tom 27N 1, 2025
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thickness, 0.2 mm; voxel size, 0.2-0.3 mm; and radiation
dose, 90 uSv. The scan field size was 1,500 x 1,700 mm.

CBCT assessed for dehiscence and fenestrations,
including their distribution in different teeth, as these limited
torque selection (Fig. 1a). Sagittal slices were evaluated for
localized dehiscence or fenestration affecting specific teeth
(Fig. 1b, c). Data were entered into each patient’'s medical
record.

Statistical analysis was performed using Microsoft Excel
and Statgraphics Plus 5.1. Results are presented as M + m
(M: mean; m: standard error of the mean). P < 0.05 indicated
significant differences.

This study was approved by the Ethics Committee of
the S.M. Kirov Military Medical Academy (protocol no. 260,
February 22, 2022).

RESULTS AND DISCUSSION

The study examined CBCT data of patients with skeletal
class Il malocclusion, divisions 1 and 2. These subclasses

Fig. 1. Cone-beam tomography of a patient with distoclusion: (a) 3D reconstruction (16x16 cm); (b) sagittal section with fenestration of

tooth 1.2; (c) sagittal section with dehiscence of tooth 2.1

Puc. 1. KoHycHo-ny4eBast ToMorpadus naumeHTa ¢ AUCTOOK03neN: @ — 3D-peKoHCTpyKums 16x16 cM; b — carutTanbHbin cpes ¢ de-
HecTpaumei 3yba 1.2; c — caruTTanbHbIi Cpe3 ¢ gerucueHumei yba 2.1

DBOI: https://doi.org/10.17816/brmmaé46502
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were not analyzed separately because, per treatment
protocol, patients with division 2 (incisor retrusion) are
initially managed as division 1 (protrusion), following which
standard division 1 protocols are applied.

Bone thickness of the six anterior maxillary teeth was
evaluated (Fig. 2a). Bone thickness on the vestibular side was
measured as the distance from the perpendicular (tooth axis
defined by 2 points along the canal) to the vestibular surface
at the level of the apex (Fig. 2a, distance A). On the palatal
side, it was measured as the distance from the perpendicular
(tooth axis defined by 2 points along the canal) to the palatal
surface at the level of the apex (Fig. 2a, distance B). Moreover,
palatal bone thickness was measured as half the distance
from the apex to the tooth axis at the level of the periosteum

c
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on the palatal side (Fig. 2a, distance C). The measurements
were significantly different in the regions of the central and
lateral incisors and the canines (Fig. 2b, c, d).

The most pronounced bone deficiency was observed on
the vestibular side of teeth, closer to the cementoenamel
junction. Clinically, gingival recessions were found
in the region of these teeth. Conversely, the palatal bone near
the apex was adequate (Table 1).

Distance A (vestibular side at the apex) was lowest
in the canines (tooth 1.3: 0.98 + 0.09 mm; tooth 2.3:
1.17 £ 0.06 mm), significantly less than in the central incisors
(e.g., tooth 1.1: 1.88 + 0.09 mm; p = 0.003). This vestibular
bone deficit in the canines increases the risk of iatrogenic
recession during orthodontic movement. Distance B (palatal

d

Fig. 2. Control measurements from cone-beam computed tomography images (sagittal sections) of the anterior teeth region: (a) standard
dimensions; (b) tooth 1.1 region; (c) tooth 1.2 region; (d) tooth 1.3 region

Puc. 2. KoHTponbHble U3MepeHus No U300paXeHUsIM KOHYCHO-Ny4eBOI KOMIbIOTEPHON ToMorpaduu (carutTanbHble cpesbl) B 0bnactv
(bpoHTaNbHbIX 3y60B: @ — TMNOpa3Mepbl; b — obnactb 3yba 1.1; ¢ — obnactb 3yba 1.2; d — obnactb 3yba 1.3

DBOI: https://doi.org/10.17816/brmmaé46502

89



90

OPUTVHATTBHOE VICCTTEOBAHVE

Tom 27N 1, 2025

BecTHmK PoccuincKoit BOEHHO-MeANLMHCKOM aKaaemMuu

Table 1. Bone thickness at various measurement points (4, B, and C) of the maxillary alveolar process in the anterior tooth region based

on cone-beam computed tomography data (M + m)

Tabnuua 1. TonwmHa KOCTHO TKaHM B pasHbIX y4acTKax M3MepsieMblX paccTosHuii (A, B, C) anbBeonspHOro 0TPOCTKa poHTaNbHOM rpynmbl
3yb0B BepxHel YeNCTH, N0 AaHHBIM KOHYCHO-JTy4eBOi KOMMbloTepHOM ToMorpaduu (M + m)

Distance, mm
Tooth
A B c
1.1 1.88 + 0.09 7.24 £ 0.09 2.71+0.07
1.2 1.57 £ 0.04 9.38 £ 0.06 2.11£0.05
13 0.98 +0.09 8.65 £ 0.09 2.81£0.06
2.1 1.72 £ 0.07 6.67 + 0.08 2.75+0.07
2.2 1.72 £ 0.04 5.93 £ 0.07 2.33+0.08
23 1.17 £ 0.06 8.96 + 0.06 2.96 £ 0.06

side at the apex) was highest in the canines (tooth 1.3:
8.65 + 0.09 mm; tooth 2.3: 8.56 + 0.06 mm), significantly
more (p = 0.001) than in the lateral incisors (e.g., tooth 1.2:
5.38 + 0.06 mm). Distance C (palatal side at root midpoint)
ranged from 2.11 + 0.05 mm (tooth 1.2) to 2.96 + 0.06 mm
(tooth 2.3).

Midway from the apex to the tooth axis at the level of
the periosteum on the palatal side, the quantity of supporting
alveolar bone was sufficient. Minimal vestibular bone
thickness at point A indicated high-risk zones for torque
application, especially with low torque. In such cases, root
prominence may be visible through the mucosa, potentially
placing the root outside the alveolar housing on the vestibular
side and leading to patient complaints.

Previous studies [12-14] have reported various findings
on cortical plate and alveolar bone thickness in the anterior
maxilla and mandible using different measurement methods
for specific clinical scenarios. The current study focused on
identifying the criteria for torque selection in anterior maxillary
teeth of patients with distoclusion. CBCT findings from routine
examinations of servicemen support the recommendation to
use self-ligating brackets with high or standard torque in
this region. These choices are substantiated by differences
in bone thickness at various root levels, from the apex to the
alveolar cortical plate.

CONCLUSION

The use of CBCT in assessing alveolar bone thickness is
feasible for evaluating bone parameters in areas targeted
for root movement. In some cases, CBCT findings contradict
the initial orthodontic treatment plan, particularly when
negative-torque brackets have been preselected. High
and standard torque values in prescriptions for self-
ligating 0.022-slot brackets are preferable, as they induce

DBOI: https://doi.org/10.17816/brmmaé46502

favorable conditions for safe tooth movement within the
alveolar bone. This planning strategy enables correction of
malocclusions in servicemen with minimal use of additional
devices such as Mls or tooth extractions—interventions
that may cause complications during or after the procedure
and hinder the performance of military duties. Streamlining
treatments for malocclusion correction aims to resolve
pathology, improve quality of life, and potentially reclassify
military fitness categories for specific occupational
specialties.

This study highlights the importance of radiography
in orthodontics. Enhancing treatment protocols through
3D positioning and automated analysis can improve
the visualization and outcomes of orthodontic interventions
in military personnel.
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AOMO/JIHUTE/IbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOpbI BHECHM CYLLECTBEHHBIN
BKJaf B pa3paboTKy KOHLEeNLMM, NpoBeAeH1E UCCre0BaHUS
1 MOArOTOBKY CTaTbM, MPOYAM M 0006pnan BWHanNbHY0 Bep-
CuI0 nepef, nybnmKaLwmen.

Bknap kaxporo astopa. H.[. letpoBa — cbop nep-
BUYHBIX [aHHbIX, aHanM3 [aHHbIX, HamucaHue cTaTby;
H.A. CokonoBuy — MeTo0/10MMA U An3aiiH UccenoBaHns,
aHanm3 faHHblx; [.A. Ky3sbMuHa — cTatmcTiyeckas obpa-
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60TKa aHHBIX, NEPEBO/, M aHANM3 MHOCTPAHHOM NINTEpaTypbI;
NK. ConpatoB — pa3paboTka 0bLLEN KOHLEMNUMKM, aHanm3
AaHHbIX, HanMcaHue CTaTbi.

3tnyeckas 3KcnepTusa. ViccneposaHme opobpe-
HO JIOKasbHBIM 3TMYECKMM KOMUTETOM BoeHHo-Meau-
UMHCKOM aKkafsemun mM. CM. Kuposa (npotokon N® 260
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