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Tytut pracy: ,Zastosowanie osteogenezy dystrakgywnkczeniu wad poprzecznych
szeki przy pomocy urzdzex mocowanych do kei szczk.”

Streszczenie

Chirurgiczna asysta podczas rozszerzania¢kzgest czsto stosowan procedus
stosowaa w leczeniu wad poprzecznych sgkiz u pacjentdw po zakmzonym skoku
wzrostowym. Wréd badaczy waiz nie ma zgodn@i co do najskuteczniejszego sposobu
rozszerzania szeki.

Praca ta ma na celu zbadanie wplywu osteodystraigezpodniebiennej przy
zastosowaniu usdzer montowanych na kai szczki, na szkielet twarzoczaszki,
aw szczegolmei kosci szczki i jame nosows; zastosowanie nowoczesnych metod
obrazowania i przetwarzania danych pbgh analiz zmian zachodcych podczas leczenia
ta metod; a take. ocena zmian szkieletu twarzoczaszki po leczemigren szczki za
pomoga chirurgicznie wspomaganego rozszerzenia przyciu urzadzea montowanych na
kosci.

Analizie poddano zmiany zachag®e w ptaszczinie czotowej i tylno-przedniej oraz
zmiany zachodge w pojemnéci jamy nosowej i gérnych drogach oddechowych. Wape
dane analizowano pod wzgem wieku, pici i wysipowania poszczegolnych zmian
w polaczeniu z wad twarzowo-zgryzow.

Grupa obgta badaniem liczyta 79 pacjentow (36 kobiet, 4&eayzn) w wieku od 12
do 23 lat.Sredni wiek pacjentéw wynosit 16,86 + 2,65 lat. Dmigy badanej kwalifikowano
pacjentow ze zezeniem szcgki wiekszym ni 4 mm, u ktérych planowano dalsze leczenie
ortognatyczne, posiadaych peta dokumentag diagnostycza (na kadym etapie leczenia
wykonane zdjcie TK, dokumentacja fotograficzna, modele gipsow&)z niewykazucych
patologii ze strony jamy nosowej, gornych drog adaevych czy alergii.

Pacjentéw okrdono pod wzgtdem wystpujacej wady szoxki (19 pacjentow ze
zwezeniem szcgi | 60 pacjentow z hipoplazjszczki), wady szkieletowej przednio-tylnej (20
pacjentow z waglklasy I, 13 pacjentow z wadklasy I, 46 pacjentow z wadlasy lll), wady
szczki i szkieletowy (hipoplazja szagi; hipoplazja szogi, Il klasa szkieletowa; hipoplazja
szczki, zgryz otwarty, Il klasa szkieletowa; hipoplazgzczki, Il klasa szkieletowa;
hipoplazja szaxi, zgryz otwarty, Il klasa szkieletowa; zwenie szczki; zwezenie szceki, 1
klasa szkieletowa; zgzenie szceki, |l klasa szkieletowa).



Leczenie polegato na wykonaniu petnej osteotomiFbet | z uwolnieniem wszystkich
wzmocnié kostnych i zt@eniu uradzenia do osteodytrakcji montowanym nadiaszczki.
Osteodystrakej prowadzono wedtug protokotu: okres latencji tryesj 5—7 dni, okres
osteodystrakcji (dwa obroty wdzenia dziennie, jeden obrét to okoto 0,25 mm) fros
14,7 £ 8,6 dni,okres konsolidacji trvaaly od 3 do 6 miescy.

Na podstawie badatomograficznych przeprowadzonych u pacjentéw przego
leczeniu (po okresie konsolidacji) oceniano zmikatypw i odcinkow opisujcych wysokeéé
szczki w odcinku przednim i tylnym oraz szeidkszczki na poziomie poszczegolnych
z¢bow oraz wysok& podniebienia. Pomiary wykonywano fa@kna obrazach graficznych
odpowiadajcych zdgciom cefalometrycznym w  projekcji tylno-przedniej bocznej
przekonwertowanych z obrazow tomografii komputejow®la zdgciach tomografii
komputerowej, przy pomocy programu Dolphin Imagirggeniano zmiany pojemga
gornych drog oddechowych oraz jamy nosowej. Wykongiwniez pomiary na modelach
gipsowych przed i po leczeniu.

Na podstawie uzyskanych danych stwierdzore, zastosowanie podniebiennej
osteogenezy dystrakcyjnej do rozszerzenia ¢gzcpest skuteczep metod, leczenia wad
szkieletu twarzowej e&ci czaszki.Leczenie metadooprzecznej osteogenezy dystrakcyjnej
podniebienia powoduje zwkszenie pojemn@i jamy nosowej, przez co naptje
powiekszenie pojemna@i catych gornych drég oddechowych. U pacjentéw dyéh
najtatwiej uzyska poprave objetosci jamy nosowej za pomaasteodystrakcji poprzecznej
szczki z wykorzystaniem urgdzenia montowanego na dab. Stwierdzono,ze najlepsze
efekty leczenia osga st u pacjentow z wagdszkieletow klasy Il powiktanej hipoplazj
szczki. Natomiast pacjenci z hipoplazgzczki oraz pacjenci z wadklasy 1l wymagaj
silniejszego powikszenia jamy nosowej. Na podstawie poczynionych eoisc)i
stwierdzono, ze podczas leczenia sz&a wykonuje najwikszy ruch w plaszczpie
strzatkowej ku dotowi w odcinku przednim, nieco eszy w odcinku tylnym. Podczas
leczenia z wykorzystaniem wdzenia montowanego na $ szczka wykonuje réwnig
ruch w ptaszczinie strzatkowej zgodny z ruchem wskazéwek zegaeznacznie cofag
sie. Poszerzenie sz¢lm w ptaszczynie czotowej w odcinku klowym ma najgkiszy wptyw
na ruch szogki w ptaszczynie strzatkowej.

Dystrakcja poprzeczna za pomoarrzadzenia montowanego na da powoduje
najwigksze powtkszenie w tylnej agci szczki, jednak powtkszenie w odcinku przednim

(ktowym) wptywa najistotniej na powkszenie dna jamy nosowej. Stosowany dystraktor jest



tatwy w wzyciu i pozwala na utrzymanie prawidtowej higienynpaustnej i mae pozostawa

dtugo w jamie ustnej jako element stabilizy;.



Abstract

Surgically assisted maxillary expansion is a procedused frequently to treat
transverse maxillary defects in patients who comeple@ growth spurt. However, there is still
lack of consensus regarding the most effective ateti maxillary expansion.

This paper aims to study the effects of transphlagteodistraction using appliances
anchored on the maxillary bone on the facial skeleand especially on the maxillary bones
and nasal cavity.

The paper aimed to evaluate changes in the fdogét®n after treatment of maxillary
narrowing with surgically assisted expansion ugdige-anchored appliances. Additionally,
changes in the frontal and posterior-anterior damwere studied. Changes in the volume of
the nasal cavity and upper respiratory tract wése examined. Data obtained were analysed
with regard to the age, sex and presence of indatidhanges combined with a faciodental
defect.

The study group included 79 patients aged 12 tpe28s. The mean age of patients was
16.86 + 2.65. There were 36 females, and 43 males.study group included patients with
maxillary narrowing of more than 4 millimetres, igats in whom further orthognathic
treatment was scheduled, with complete diagnostauhentation; CT scans at all stages of
treatment, photographic documentation, gypsum nsogetformed at all stages of treatment
and patients without any abnormalities in the naasity, upper respiratory tract, without any
hypersensitivities or allergies.

Patients were divided into groups depending on xllaey defect present: a group with
maxillary narrowing of 19 patients and a group witlaxillary hypoplasia of 60 patients.
Then, patients were divided into groups dependingan anterior-posterior skeletal class
defect: class | — 20 patients, class Il — 13 p#tieand class Il — 46 patients. Then, patients
were divided depending on a maxillary defect andletkl defect, as follows: maxillary
hypoplasia, class Il maxillary hypoplasia, maxyldrypoplasia open bite class I, maxillary
hypoplasia class Ill, maxillary hypoplasia operelstass Ill, maxillary narrowing, maxillary
narrowing class I, maxillary narrowing class lll.

Treatment included complete le Fort | osteotomyhwileasing all bone reinforcement
points and midline osteotomy followed by placemefitan osteodistraction appliance
anchored on the maxillary bone. Osteodistractios e@nducted according to the following
protocol: latency period of 5-7 days, osteodisioaciperiod of two rotations daily (one

rotation was approx. 0.25 mm), and consolidatiamopleof 3 to 6 months.



Changes in angles and sections were examined ienfabased on tomography scans
before and after treatment. Measurements were noadenterior-posterior and lateral
cephalograms converted from digital tomography sc@&manges in the volume of the upper
respiratory tract and changes in the volume ofnidwgal cavity from digital tomography scans
were assessed using the Dolphin Imaging USA softwdoreover, measurements on
gypsum models before and after treatment were peeo.

Then, material was subject to a statistical analyBhe effects of changes in angles and
distances on changes in transverse dimensions ne€lasa gypsum models, on tomography
scans converted into posterior-anterior cephalognaere analysed.

The analysis of changes in transverse dimensiorasuned on gypsum models using
linear regression demonstrated mutual relationshipls maxillary expansion at all dental
levels. The distance between the apices of cawiots (3—3) increased by more than 6 mm,
between the first premolars (4—4) by more than 7, mwhereas between the first molars by
more than 5 mm. All changes were mutually relatedne another and were statistically
significant p < 0.05). As a result of treatment the distancevbeh palatal cusps of the first
maxillary molars increased by 4.0 + 7.0 mm, distanteasured on the zygomatic alveolar
crests changed by 2.5+6.9 mm, whereas the widththe nasal base increased by
2.2 + 3.6 mm, the angle measured between therfiestillary molars with the apex near the
anterior nasal spine changed by 0.5° + 7.8°, tlgpeameasured between these teeth with the
apex in the Nasion point increased by 2.4° + 2Hfe regression analysis demonstrated a
relationship between the expansion at the levetygiomatic alveolar crests and a change
between buccal cusps of the first molgrs<(0.05). There were changes due to treatment
between the width of the nasal base and the meamgehwas 4.0 + 3.9 mm, change in the
width between buccal cusps of the first maxillarglans from 50.9 + 8.3 mm to 55.0 £ 8.3
mm after the procedure.

An analysis of computed tomography scans in thatéloplane demonstrated that a
relationship between a change in the width of theahbase with regard to a change in the
distance between the edges of the maxillary palataina is statistically significantp(<
0.05).

It was revealed that a relationship between vatieschange in the width of the nasal
base and the width between the first maxillary meolaas statistically significanp(< 0.05),
and it demonstrates positive effects of the exmensf the nasal cavity bottom with regard to
the expansion at the level of the first maxillarglars, where the mean change was 2.1 + 3.6

mm.



It was revealed that a relationship between a ehamthe width of the maxillary palatal
laminas and the width between the first maxillarglans was statistically significanp (<
0.05), and it demonstrates positive effects ofetkgansion with regard to the expansion at the
level of the first maxillary molars. The width beden palatal laminas changed by 4.9 £ 3.9
mm on average, whereas between the palatal cugpe difst maxillary molars by 4.8 £ 3.9
mm on average. Results of the analysis of sketdtahges on computed tomography scans
converted into two-dimensional lateral cephalogragvealed a change in the maxillary angle
resulting in a change in the mandibular angle. Mgy movement resulting in mandibular
dislocation was observed. The SNB angle is redusbdn the SNA angle increases.
Additionally, it was observed that the anteriortaiice N-ANS increases when the posterior
distance S-PNS increases. Results of the analysishanges in transverse dimensions
measured on models and computed tomography scaths ragard to anterior-posterior
changes in angles and distances on lateral cephaisgdemonstrate that during maxillary
expansion at the level of canines a mean change8i2 3.9 mm and it correlates with a
change in the SNA angle by —0.6 £4.1 on averagdditonally, a change in the angle
between the cranial base and the occlusal planeDwidst 2.6° on average. The analysis of
changes in the maxillary transverse dimensions wéfjard to changes in the sections
measured on computed tomography scans converted twb-dimensional lateral
cephalograms demonstrates a change in the anglelileg the maxillary movement towards
the bottom in its posterior section depending oohange in the angle between the first
maxillary molars. This relation is demonstratedaébghange in the S-N-PNS angle that was
1.2° £3.7° on average. A change in the angle batwibe first maxillary molars and the
anterior nasal spine was 0.45 +7.7. All relatiopshmentioned above were statistically
significant p < 0.05).

During maxillary expansion the angle of molar inalion increases, and it results in the
maxillary movement towards the bottom in its pdstesection. Statistical significance was
demonstratedp( < 0.05). A linear regression analysis of a chamgehe distance of the
posterior maxillary section S-PNS correlates witbhange in the distance between canines
measured on computed tomography scans in the folarze. The posterior maxillary section
S-PNS increased by 0.9 + 3.1 mm. The expansiondstthe canines was 4.8 + 3.9 mm on
average. A linear regression analysis of a changla N-ANS distance and change in the
distance between points on the zygomatic alvewksts demonstrated statistical significance
(p < 0.05). A change in the N-ANS distance was 0.87/3tmm on average. On the other

hand, a change in the distance between the pomtth® zygomatic alveolar crests was



2.5+ 6.8 mm on average. Changes in the voluméeitsal cavity depending on variable
distances and angles were analysed. The volumieeofidsal cavity changed by 2.9%an
average in the study material. All correlations dad demonstrate statistical significance, and
it reveals that changes in the studied parametsishirdly any effect on the changes in the
volume of the nasal cavity. A change in the volurhéhe nasal cavity depending on variable
distances between individual teeth measured on Isiogas analysed. Despite lack of
statistical significance it was possible to obseha the volume of the nasal cavity increased
with the increase in the difference of the distabeéween canine cusps. The analysis of
results for a single variance analysis of the é$fef a skeletal defect on changes in angles,
sections and volume of the upper respiratory tididt not demonstrate any statistical
significance. The volume of the upper respiratoagttincreased by 5.4 + 5.1 tion average.
Results of the change in the occlusal plane anglenegard to the cranial base depending on
a skeletal defect indicate that the greatest cleimgthe angle were observed in a group with
class Il defects. Results of a quantitative analg§a change in the ANB angle depending on
a skeletal defect demonstrated statistical sigmiiie p < 0.05). The ANB angle changed
after treatment and there was a difference betwleéstts, namely the angle was significantly
smaller in class I, and significantly higher iras$ 11l when compared to class I. A degree of
a change in the SNA angle describing the maxillagvement anteriorly with regard to a
skeletal defect confirmed it was statistically sfigant (p < 0.05). The greatest difference
was observed in the class Il group, hamely the laawias the most prominent in this defect,
whereas in class Ill defect it was observed togaicantly lower degree. A change in the
maxillary angle SNA by —0.6 + 1.0° resulted in ahe in the mandibular angle SNB by —
0.1 £ 2.7°.Analysis results demonstrated the gstateanges in a group with skeletal class IlI
defects. On the other hand, results of an anabfschanges in the width of the nasal base
with regard to a skeletal class demonstrated thatgreatest changes were observed in the
class Il defect group. Therefore it can be assuthatl class Ill patients demonstrate more
narrow maxillae or require larger expansion dua targer mandible. Results of the analysis
regarding changes in the palatal height dependma skeletal defect demonstrated that
changes were the greatest in a group with a claskefiect. Therefore it should be assumed
that patients with a class Il defect have narroaed higher maxillae or require greater
expansion. This effect may lead to lowering of gadatal roof due to a larger mandible.
Results of the analysis of changes in the nasatycaolume with regard to a skeletal defect

indicate that the range of changes in the nasafycaslume is the smallest in a group with a



class Il defect. All types of defects were assedatith a similar maximum range of changes
regarding the increase in the nasal cavity volume.

Statistically significant changes that are visildee associated with the anterior
maxillary movement in class Il defects, as in clakglefects jaws are usually retracted and
hypoplastic.

Changes that are visible but are not statisticsigificant included changes in the
width and height of the maxilla in class 11l defedit is also a result of the need for significant
maxillary expansion due to maxillary deformatiordadjustment to the mandible which is
usually larger.

Results of a single factor analysis of varianceardig types of maxillary defects that
correlated with changes in angles, sections andinvel of the upper respiratory tract
demonstrate that a greater change in the angleeainbxillary base is visible in defects with
maxillary hypoplasia. The angle formed by the ptabetween the S-N and PNS-ANS points,
namely the angle of maxillary inclination to theawial base changed by 0.08° £ 1.8° on
average. The analysis of variance of changes inntlagillary anterior height N-ANS
depending on types of maxillary defects concludkdt tthe anterior maxillary height
demonstrated the highest variability in a groughwaitaxillary narrowing compared to a group
with hypoplasia. The N-ANS section increased by7@&&.3 mm on average. Results of a
gualitative analysis for changes in the posteri@xittary height depending on types of
maxillary defects demonstrated that the highesialdity of the anterior maxillary height
was observed for defects with maxillary narrowinhe N-ANS section increased by
0.9 £ 3.1 mm on average. Changes in the respiratacy are visible in the analysis. Similar
results of treatment were achieved in cases witkilfagy narrowing and hypoplasia.

Results of the analysis of changes in the maxiliaclination angle to the cranial base
depending on types of maxillary defects demondirttiat a greater change in the angle was
observed in defects with maxillary hypoplasia.

The results of the analysis of the effects on chang angles and sections depending on
types of maxillary defects and skeletal defects aestrated that an increase in the volume of
the respiratory tract with regard to the diagnosas greater in a group with defects with
maxillary narrowing and class Il defect. These @agents in whom it is necessary to expand
the maxilla to the largest degree possible in otdgrovide complex treatment of a defect.
The second group included maxillary narrowing wahclass Il defect. A degree of

expansion, namely an increase in the volume ofdbpiratory tract, depends on the plan of



final treatment. The volume of the upper respinatoact increased by 5.4 +5.1 €ron
average.

The volume of the nasal cavity changed by 2.9 om average, from 34.7 +5,7 &m
before treatment to 37.7 + 5.6 taifter treatment.All correlations with changestie aingles
and sections did not demonstrate significance, iandveals that changes in the studied
parameters had hardly any effects on the changéseirvolume of the nasal cavity. The
majority of analyses presents a growing tendenpgrtarom the SNB angle, change in the
width of the nasal base and changes in the pdiaight.

Based on data obtained it was concluded that pathséraction osteogenesis for
maxillary expansion was an effective method to ttrdafects of the facial skeleton.
Additionally, it was concluded that treatment withnsverse palatal distraction osteogenesis
results in the increase in the nasal cavity volutherefore in the whole upper respiratory
tract. In young patients increased volume of th&ahaavity is the most easily obtained with
maxillary transverse osteodistraction with a bonekared appliance. It was concluded that
the best therapeutic outcomes are observed innpatrgth skeletal class Il complicated by
maxillary hypoplasia. On the other hand, patierith waxillary hypoplasia and patients with
class Il defects require greater expansion of theahcavity. It was observed that during
treatment the maxillary movement is the greateshénsagittal plane towards the bottom in
its anterior section, and slightly smaller in tlusterior section. During treatment with a bone-
anchored appliance the maxilla also moves clockviisg¢he sagittal plane, with slight
retraction. An increase in the frontal plane in tda@ine section has the largest effect on the
maxillary movement in the sagittal plane.

Transverse distraction with a bone-anchored appdiamesults in the greatest
enlargement of the posterior section of the maxblat an increase in the anterior, namely
canine, section has the largest effect on an isergathe nasal cavity bottom.

A distractor that was used is easy to use, helpataia appropriate oral hygiene and
may be left in the oral cavity as a stabilisingisture.



