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EFFECT OF HYRAX SCREW LOCALIZATION
ON CRANIUM RESPONSE DURING RAPID
MAXILLARY EXPANSION

Rapid maxillary expansion is employed for the tresttmof cross-bite and defi-
ciency of transversal dimension of the maxilla ati@nts with and without cleft of
palate and lip. The aim of this study is the firetement analysis of stresses and
displacements of skull, with and without unilatecift, after application of the
HYRAX orthodontic device. Three different constinats of the orthodontic Hy-
rax device with different positions of the screwm the occlusal horizontal plane,
near occlusal horizontal plane and near the palate considered. Application of
the orthodontic device corresponds to the rotatibthe screw on one-quarter
turn. It is established that the screw positiomiigantly affects the stress patterns
in skull and displacements of the cranium with anithout unilateral palate cleft.
Depending on the construction of the orthodontipliapce, the maxilla halves in
the transversal plane are unfolded or the whold skantirely rotated in the sagit-
tal plane. The obtained results can be used faguieg of orthodontic appliances
with the Hyrax screw, as well as for planning ofeatomies during the surgical
assistance of the rapid maxillary expansion.

Keywords: rapid maxillary expansion, intact skull, palateftl finite element
method, HYRAX device, stress-strain state

1. Introduction

Rapid maxillary expansion is one of the variousitimreents for the narrow
transverse dimension of the maxilla. The rapid espgm of the maxilla is rec-
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ommended by using fixed devices, in particular, &tyor palatially distractors

to separate parts of the maxilla by opening the paidtal suture [4, 8, 19]. The
most hygienic devices among the various types tifodiontic appliances are

with a Hyrax screw. Furthermore, devices of thjgtware the least traumatic and
more comfortable for the patient, and also theyehavow percentage of com-
plications after application. At the same time, tlesign features of devices for
maxillary expansion affect the intensity and natofedisplacement of bone

structures of the skull and teeth [11, 20].

Generally, to understand the influence of maxilldiatation on the bone
structures of the skull and teeth the finite eletmandeling is used [6, 10, 12,
13, 14, 17, 18, 22]. An extensive review of the patational calculations of
stresses and displacements of the maxillary compleen exposed to different
types of orthodontic appliances was done in ong¢ghefprevious works [15].
Common simplifying assumption adopted in the abaestioned works and
other similar finite element studies is the simolaiof action orthodontic appli-
ance on the bone structures of the skull throughatbplication of transversal
displacements or forces to certain teeth. In padi¢c to simulate the clinical
situation, ere applied displacements of 5 mm wepmied in a transversal plane
to the upper premolars and first molars [17]. I8][R is assumed that the ortho-
dontic device is absolutely rigid. Therefore, faparling the clinical situation in
[22], certain displacements were applied correspontb a specific number of
revolutions of screw athe machine. The authors emphasize that the same si
plifying assumptions are made in other known stgjdiee [12, 13, 18].

The goal of this study is the comparative analysistresses and dis-
placements of bone structures of the skull, with aithout palate cleft after
application of different designs of orthodontic Eyrdevice. Designs of ortho-
dontic device differ in the arrangement of the screlative to the palate. There-
fore, another goal is to evaluate the influenceheflocation of the Hyrax screw
on the distribution and magnitudes of stressesdisglacements in the maxil-
lary complex. Finite element method is used to@ahthese goals.

2. Finite-Element Modelling

Development of the finite element models of thellslarthodontic appli-
ance and the abutment teeth is described in [Ev&luation of the stress-strain
state of the maxillary complex was carried outtfoee designs of orthodontic
appliance: design with an arrangement of rods anglisin the same horizontal
(occlusal) plane (Model 1) and, designs with a\scdisplaced to the palate
relatively to the horizontal plane of 2 mm and 8 rfModel 2 and Model 3, re-
spectively). The geometrical dimensions of orthdiboappliances are the same,
except for the lengths of the rods which are cotingdhe screw of appliances
with premolars and the screw with the molars. Rlendal liagament wasn’t
considered, because after application of the oghticl appliance the abutment
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teeth completely cover the periodontal crevice [Z2]je models of the ortho-
dontic appliance are set up on the skull with ade-sleft or without cleft. The

palate cleft is transparent and placed on the lef/¢he second incisor on the
left. The number of the elements and nodes in #ieuation models of the
skulls, abutment teeth and orthodontic applianceshown in Table 1. Moduli

of elasticity for the bones of the maxillary complerthodontic appliance and
abutment teeth are shown in Table 2. Poisson's fatiall the materials are
equal to 0.3 [21]. The loading of the skull wasrieat out by a transversal
movement of each plate on 0.2 mm (correspondsquesger turn of the screw
of the orthodontic appliance [4, 7, 9]). Fasteniighe skull was carried out in
the nodes located near the occipital foramen [3218].

Table 1. Parameters of finite-element models

Model Number of nodeslumber of elements
Skull without palate cleft 77 036 185 302

Skull withunilateral palate clef24 556 85 087

Model 1 15918 7 798

Model 2 16 410 8 022

Model 3 19 853 9974

Table 2. Modulus of elasticity [21]

Materials Steel Compact bone

Trabecular bone

Topth

Elasticity modulus, GPa 200.0 13.7

8.0

20.7

3. Craniofacial Complex without Palate Cleft

From the stress distributions shown in figure Jsiseen that the stresses
after application of Model 1 occur mainly in thei@n of upper jaw. Sufficient-
ly high stresses are observed in the middle anergart of the nasal passage,
and also in the lower region of the left eye-socketan be concluded that even
a slight displacement of the screw of the devicenfthe occlusal plane to the
palate leads to a redistribution of stresses irbttse of the skull from the palatal
part of the upper jaw to the occipital bone anddbeipital foramen through the
pharyngeal tubercle (Fig. 2). After applicationMbdel 2, the stress state from
the pharyngeal tubercle extends to the sphenoid,borparticular to the lateral
and medial pterygoid plates (Fig. 2) and shows shudficiently high stresses
occur in the alveolar and frontal processes ofuiger jaw, in region of phar-

yngeal tubercle and the occipital bone.
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Fig. 1. Stress patterns (MPa) in cranium withouaigacleft after application of Model 1:
pattern in front of skull (a), pattern in base kil (b)
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Fig. 2. Stress patterns (MPa) in cranium withouaigacleft after application of Model 2:
pattern in front of skull (a), pattern in base kil (b)

From figure 3, it can be seen that after applicatibModel 3 the upper jaw
is loaded in certain areas, and stresses are dedrela facial part of the skull
the stress region shifts from the upper jaw torthsal aperture and to the zygo-
matic processes. Stresses are practically absdheibase of the skull in the
region of the median palatal suture, and remaiy onthe region of the inter-
maxillary bone. At the same time, stresses occuhenoccipital and the sphe-
noid bone in the region of occipital foramen. Thresses are practically absent
in the region of the median palatal suture. Stsessethe upper jaw appear
fragmentary, and the most significant stresseshserved on the lateral sides
of the upper jaw. Stresses are absent in the faeidl of the upper jaw, and
stress region is almost completely transferredasahaperture. It can also be
noted that, stresses increase in the sphenoid egigital bones in the skull
base.
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Fig. 3. Stress patterns (MPa) in cranium withouatgacleft after application of Model
3: pattern in front of skull (a), pattern in bageskull (b)

From the results obtained it can be noted that afelication of Model 2
(Fig. 4b), maximum displacements of points on thdlsare highter than in the
case of Models 1 (Fig. 4a) and 3 (Fig. 4c). Calbohaof the displacements of
points on the skull without cleft for intermedigtesitions of the screw of the
orthodontic appliance (between positions correspondo Models 1 and 3)
shows that even with a slight displacement of #trevg of the orthodontic ap-
pliance from the occlusal plane to the palate, ldegments of points on the
skull increase and reach maximum values when tegitm of the screw of the
appliance is approximately at a distance of 0.25 from the occlusal plane.
Upon the displacement of the screw of the orthadagpliance to the palate,
the maximum displacements of the points on thel sladrease to values corre-
sponding to Model 3 (Fig. 4). At the same time, whising Model 2 the maxi-
mum transversal displacements significantly excémdre than twice) the
transversal displacements when using Model 3 @#). The vector fields of
displacements (Fig. 4b and 4c) show that afteriegipdn of Models 2 and 3 the
skull is rotated counterclockwise (when viewed fridme positive direction of
the x-axis).

4. Craniofacial Complex with Palate Cleft

From figure 5 it can be noted that after applicatdd Model 1, high stress-
es occur in the maxilla, the zygomatic processhefrmaxilla, nasal cavity, as
well as in the regions of the maxillary and theayatic bones, located next to
the eye-sockets. Area of stresses extends intbrdh&l process of maxilla, lo-
cated on the same side of the skull as a palafe Elerthermore, stresses no-
ticeable in nasal bone and the fronto-nasal, iaale and naso-maxillary su-
tures. In the skull base, the region of the higasses is distributed through the
lateral and medial pterygoid laminas to the phaeahgubercle. It should be
noted that stresses also occur in the area covénmgulcus of the auditory



162 S. Bosiakov et al.

tube. This indicates that maxillary expansion cawehan impact on the en-
largement of the nasal cavity and improvement gghbareathing [1, 5, 13, 14,
17], as well as change in hearing in patients \patate cleftNote that short-
term and long-term effects of maxillary expansiantioe auditory conduction is
described in [16].
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From figures 57, it is seen that the difference between the stlestribu-
tions are mainly in the values of the stresse®sSés in the region of the infra-
orbital foramen, zygomatic and frontal processethefmaxilla and of the zy-
gomatic bone decrease after application of Modela®3 as compared to Mod-
el 1. Stresses almost disappear in the regioneozylgomatic bone and infraor-
bital foramen after application of Model 3 (Fig. At the same time, it is seen
that the region of the stresses in the zygomaticfaomtal processes of the max-
illa remains practically unchanged. Stress statenes practically unchanged in
the base of the skull after application of Model3 (Fig. 5-7). Vector fields of
full displacements arising in the skull with undedl cleft after application of
Models 1+3 are shown in figure 8.
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Upon the application of Model 1, there is rotatafrtwo parts of the upper
jaw relative to the horizontal axis (extending @graxis), located approximate-
ly in the region of the nasal aperture. The largestthe components of the total
displacement directed along theaxis, i.e. transverse displacements (Fig. 8a).
At the same time, the transversal displacementoiigparable to the vertical
component of the complete displacement, directedgathez-axis (Fig. 8a).
The component of the vector of the total displacamsef the upper jaw, collin-
ear toz-axis (thez-axis), for the most parts of the maxillary compigxirected
along the positive direction of this axis, and e tregion of the front incisors
and the nasal aperture is directed in the oppdgiéetion. The smallest among
the components of the total displacement is a tshglisplacement along the
axis (Fig. 8a). The upper part of the skull andréngion of the front jaw in the
horizontal direction move backward while the refsthe upper jaw and the zy-
gomatic arch slightly move forward.
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The displacement distributions that occur afterliappon of Model 1 and
2 (Fig. 8b) are qualitatively almost identical tach other. The transversal dis-
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placements of the points on the skull run up tchhémough displacements,
compared to the values of transversal displacemehish are observed after
application of Model 1. From figure 8c it can besetved that after application
of Model 3, the direction and magnitude of totaspliacement significantly
changed as compared to Model 1. Mainly, the totgpldcements are directed
along thez-axis. Thus, the front part of the skull moves dpamnd the rear part
goes up, which leads to the rotation of the skollnterclockwise relative to the
positive direction of the-axis.

5. Conclusions

The highest stresses are observed in the alvexeesses of the upper jaw
regardless of the location of the screw of the amitimtic appliance relative to
the palate in the skull without cleft. Upon thepdiieement of the screw of the
appliance from the occlusal plane to the palatesses are transferred from the
upper jaw and its zygomatic processes to the frgacesses of the maxilla
and cover the nasal cavity. The stress distribstiafter application of Model 1
and Model 2, in the base of the skull without ddfave significantly complicat-
ed form. The maximum values of the stresses dezwhasn the design of or-
thodontic appliance changes from Model 1 to Modgla@d the maximum
stresses decrease in a nonlinear manner. The digfdtion of the screw of the
appliance from the occlusal plane, correspondinigldalel 3, in the skull with-
out cleft does not lead to a qualitative changehef stress distribution. Total
displacements of the points of the skull withowdfichave the highest value, if
the screw of the orthodontic appliance is slightigplaced from the occlusal
plane to the palate. If the screw is located nlearpalate, mainly, the displace-
ments of the points on the skull are directed walllf. The largest transversal
displacements are observed in the skull after egiptin of Model 2. The vector
fields of the displacements show that after appboaof Models 2 and 3, the
skull is rotated counterclockwise (when viewed fridme positive direction of
X-axis).

Stress distributions appear to be similar in thallskith unilateral palate
cleft. The displacement of the screw of the orthmtiboappliance to the palate in
the skull with unilateral cleft leads to the dec®af the stresses in the region of
the infraorbital foramen, zygomatic and frontal ggsses of the maxilla and in
the zygomatic bone. At the same time, stressdwizygomatic and frontal pro-
cesses of the maxilla remain almost unchanged.sfrbes state remains practi-
cally unchanged in the base of the skull, whenstirew of the orthodontic ap-
pliance is moved to the palate. Therefore, we aamclaode that the stresses
change qualitatively in the base of the skullhié screw of the appliance is lo-
cated directly near the palate. High stresses occthie region of the mandi-
bular processes of the upper jaw, both when usingld/i1 as well as using
Model 3. After application of Model 1 in the skuliith cleft, two parts of the
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upper jaw turn relative to the horizontal axis émding along thg-axis), locat-
ed approximately in the region of the nasal apertliransversal displacements
are the largest component of the total displaceniérg displacement distribu-
tions that occur after application of Model 1 andualitatively almost coincide
with each other. After application of Model 3, tdeection and magnitude of
total displacement significantly changed as compaocethe appliance of Mo-
del 1. Mainly, the total displacements are direcikmhg the vertical line. Thus,
the front part of the skull moves down, and the peat goes up, which leads to
the rotation of the skull counterclockwise relatieethe positive direction of the
axis Oz. The skull with cleft is almost not rotatgter application of Model 3 as
compared to Models 1 and 2.
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WPLYW LOKALIZACJI SRUBY NA DOKR ECANIE NA ODPOWIED Z
KOROW A PODCZAS SZYBKIEGO ROZSZERZANIA S| E SZCZEKI

Streszczenie

Do leczenia przekrwienia i niedoboru wymiaréw farmgu poprzecznego szgi u chorych
z rozszczepem lub bez rozszczepu podniebieniagiwtssowana jest szybka ekspandacjagszcz
ki. Celem tego badania jest analiza ragii oraz przemieszcaeczaszki, z/bez jednostronnego
rozszczepu, po zastosowaniu ggizenia ortodontycznego HYRAX. Uwzglniane § trzy r&zne
konstrukcje przyrgdu HYRAX z r&nymi pozycjamisruby - w ptaszczsnie poziomej zgryzu,
w poblizu ptaszczyzny poziomej okluzji i pod podniebienidustalono,ze pozycjasruby w zna-
czacy sposob wptywa na rozklady przemieszczeapezen w czaszce z/bez jednostronnego roz-
szczepu podniebienia. W zatesci od konstrukcji urzdzenia ortodontycznego przemieszczane
sa potdwki szczki w ptaszczynie poprzecznej lub cata czaszka jest catkowicimedna w ptasz-
czyznie strzatkowej. Uzyskane wyniki madpy¢ wykorzystane do projektowania ydzei orto-
dontycznych za pomacsruby Hyrax, a take do planowania osteotomii podczas chirurgicznego
wspomagania szybkiego rozszerzangasgczki.

Stowa kluczowe: szybkie rozszerzenie sz&# nienaruszona czaszka, rozszczep podniebienia,
metoda elementéw skozonych, urzdzenie HYRAX, stan napzenia-odksztatcenia
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