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lMepesen AHOpel FOpbesuy (aka AUS) (nepesedeHHbIli meKkcm opuauHara coxpaHeH, eblOesieH
Kypcueom)

LEARNING OBJECTIVES FOR TEST 1

After completing this journal-based SA-CME activity, participants will be able to:
». List the osseous buttresses of the facial skeleton.
. Describe common traumatic fracture patterns in the facial skeleton.

«. Identify the imaging features of clinically and surgically relevant complications of facial
trauma.

Introduction - BBegeHune

Facial fractures account for a large number of emergency department visits in the United States
and are associated with substantial levels of morbidity and mortality due to damaged facial
structures, associated complications, and trauma sustained by other parts of the body (1-3).
Facial fractures are commonly caused by blunt or penetrating trauma sustained during motor
vehicle accidents, pedestrian accidents, assaults, work-related accidents, and falls.
Multidetector computed tomography (CT) is the modality most often used for imaging evaluation
in such cases because the high image resolution available with thin-section acquisitions allows
the detection of even subtle nondisplaced fractures of the facial skeleton. Multidetector CT
provides better delineation of osseous and soft-tissue features, offers both multiplanar and
three-dimensional image reconstruction, and can be performed more quickly than radiography,
with easier patient positioning (4—7). Accurate description of facial fractures and complications is
of paramount importance for surgical planning and appropriate management (8). The facial
buttress concept elucidates the structurally meaningful skeletal struts that play a role in facial
form and function and helps identify the regions that are likely to require surgical reconstruction
(éag_ﬁ)

The article first provides an overview of the facial skeletal anatomy and describes the system of
facial buttresses. Next, the spectrum of fractures that may be seen in facial skeletal trauma is
described with emphasis on the buttress or buttresses most likely to be affected by each
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fracture pattern. Critical features that may be seen at imaging and that are likely to have a
bearing on the clinical management, surgical repair, and outcome of facial trauma are
discussed. Last, surgically relevant complications that are predictable on the basis of the
fracture pattern seen at imaging are reviewed according to the facial buttress affected by
fracture.

Facial Anatomy — AHaTomus nuua

The facial skeleton is a complex structure formed by a combination of five paired bones and four
unpaired bones. The complexity of the facial anatomy makes the characterization of facial
fractures according to the bone or bones affected cumbersome. In addition, given the proximity
of vulnerable soft tissues, it may be clinically more useful to describe facial fractures according
to their location in relation to functionally relevant structures (eg, fracture of the medial orbital
wall, fracture of the anterior maxillary sinus wall). The conceptual construct of facial buttresses
underscores the functional relations between osseous components of the facial anatomy by
simplifying the skeletal structure into four pairs each of horizontally and vertically oriented struts.
The vertically oriented struts directly or indirectly connect the anterior facial skeleton to the
posterior skull base. The greater thickness of bone in the facial buttresses, both horizontal and
vertical, with respect to the remainder of the facial skeleton provides a rigid protective
framework for the orbital contents, sinuses, teeth, and nasal cavity. Disruption of the facial
buttresses can change facial dimensions and alter normal function, necessitating surgical
fixation for restoration. Fixation is typically performed by using rigid titanium plates and screws
anchored in the buttress, with or without bone grafts. Observation of the location of a fracture in
relation to the facial buttresses does not supplant a precise description of the fractured anatomy
but may be helpful for identifying the fracture pattern and predicting potential complications (Fig
1).

System of facial buttresses. Three-dimensional CT images of an adult skull in frontal (a) and
lateral oblique (b) orientations with color overlays show the superficial aspects of the horizontal
and vertical facial buttresses and, in b, the sites of potential complications of fractures involving
each buttress. The horizontal buttresses are the upper transverse maxillary (yellow), lower
transverse maxillary (green), upper transverse mandibular (orange), and lower transverse
mandibular (purple) buttresses. The vertical buttresses are the medial maxillary (red), lateral
maxillary (blue), posterior maxillary (magenta), and posterior vertical mandibular (purple)
buttresses.

Cucrtema nuueBbix KOHTpdopcoB. TpexmepHble KT-n3obpaxeHus yepena B3pocroro B
nposiMon (a) n kocou (6) NPoeKUMaX C LLBETHbIMW HaKnagkamu nokasbliBaloT MOBEPXHOCTH
FOPU3OHTarNbHbIX U BEPTUKASbHbIX NIMUEBbLIX KOHTPGOPCOB U, B KOCOW NPOEKLMM, OOBHEKTDI
NnoTeHUManbHbIX OCMOXHEHU NePerioMOB C y4acTUeM Kaxaoro KoHTpdopca.
FopusoHTanbHble onopbl (KOHTPAOPCHI) - ITO BEPXHUIN NOMNEepeYHbIN BEPXHEHEMOCTHOM
(>KenTbIn), HWKHUIA NONEPEYHbIN BEPXHEYENIOCTHON (3€MNEHbIN), BEPXHUI NonepeYdHbIi
HVXXHEYENCTHOWN (OpaHXeBbIN), M HUXXHUA MONEPEYHbIA HMKHEYENOCTHON (PMOoNeToBbIN)
KOHTpdhopCbI.

BepTukanbHble KOHTPOPCbI — 3TO MeAMarbHbIN BEPXHEYENOCTHON (KpaCHbIN),
narteparbHbI BEPXHEYENIOCTHON (CUHUI), 3aAHUN BEPXHEYENIOCTHON (NYPNYPHbLIA) U 3a4HUIA
BEPTUKambHbIA HWKHEYENCTHOM ((proneToBbIn) KOHTPOPCHI.


http://pubs.rsna.org/doi/full/10.1148/rg.331125080
http://pubs.rsna.org/doi/full/10.1148/rg.331125080

Figure 1a
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Figure 1b

The upper transverse maxillary buttress originates at the level of the nasofrontal suture and
proceeds along the inferior edge of the orbit across the zygomatic bone to the
zygomaticotemporal suture. This buttress extends posteriorly as the orbital floor.

BepxHui nonepeyHbIn BEPXHEYENTIOCTHON KOHTPGOpPC (Kenrbiin) NpomMcxoamT/BO3HUKAET Ha
ypoBHe HoconobHoro (nasofrontal) wea 1 npogomkaeTca BAOMNb HWKHENO Kpas rmasHuubl Yepes
CKYITOBYIO KOCTb K CKYNOBMCOYHOMY (zygomaticotempora) LWBy. 3TOT KOHTpdopc
pacnpoCcTpaHAeTCs K3aau, Kak «rnom» opbuTsl.



The lower transverse maxillary buttress is oriented horizontally along the maxillary alveolar
process and extends posteriorly to include the hard palate.

HwXHU nonepeyHbIN BepXHe4YentoCTHON KOHTPdopc (3eneHbIN) - OPUEHTUPOBAH MO
rOPU30OHTanNu BOOIb anbBEONSPHOro OTPOCTKA BEPXHEN YEMOCTU U pacnpoCTPaHSIeTCH K3aaw,
BKovas B cebsi TBepaoe HEDa.

The upper transverse mandibular buttress encompasses the mandibular alveolar process
and extends from its posterior margin through the mandibular ramus to the posterior cortical
margin of the mandible.

BepxHui nonepe4vHbIM HUXKHEYEeNOCTHON KOHTPOPC (OpaHXeBbil) BKOYAET B ceba
anbBeOnsPHbI OTPOCTOK HDKHEN YErCTU U pacnpoCTpaHSaeTCs OT 3aAHEero Kpas Ypes BeTBU
HWXXHEN YentoCcTn 4o 3a4Hero Kpasi KOpTUKanNbHOro Criost HXXHEN YentoCTu.

The lower transverse mandibular buttress is the inferior margin of the mandible.

HwxHMIN nonepeyYHbIN HMKHEeYeNnrCTHON KOHTPdOpC (PNONETOBbLIN) — 3TO HVXKHWUIA Kpaw
HWKHEN YenoCTu.

The medial maxillary buttress extends from the nasofrontal suture inferiorly along the lateral
margin of the piriform aperture to the maxillary alveolar process. This buttress projects
posteriorly to include the medial orbital wall and medial wall of the maxillary sinus.

MeavanbHbIN BepXHeUYenkrCTHON KOHTPopc (KpacHbI) - NPOCTUPaETCst OT HOCONIOBHOro
(nasofrontal) wBa kHN3y BAOMb NaTepansHOro Kpas rpyweBnaHon anepTypbl (MONOCTN HOca) K
arnbLBeOorsipPHOMY OTPOCTKY BEPXHEWN YemntCcTh. ATOT KOHTPOopC npoeunpyeTcsa Hasag BKoyas
MegunarnbHYt CTEHKY rMasHuubl U MeananbHOW CTEHKU raiMOpOBON Nasyxu.

The lateral maxillary buttress begins at the zygomaticofrontal suture and projects inferiorly
along the lateral orbital rim through the body of the zygomatic bone and across the
zygomaticomaxillary suture to terminate in the maxillary alveolar process adjacent to the
posterior maxillary molars. The posterior extensions of this buttress include the lateral orbital
wall and lateral maxillary sinus wall.

NaTepanbHbI BepXHEYENCTHON KOHTPKhOPC (CUHUIN) HAYMHAETCS Ha CKYNosobHOro
(zygomaticofrontal) wBea 1 npoeunpyeTcsa BHU3 BAOMNb NaTeparnbHOro kpasi opouThl Yepes Teno
CKYFOBOW KOCTU M Yepes CKyNoBepXHeYentoCcTHOM (zygomaticomaxillary) wos, 3akaH4MBasiChb B
anbBeONsiPHOM OTPOCTKE BEPXHEN YENOCTU, MPUMbIKas K 3aaHUM BEPXHEYENOCTHbIM
mMornsipam. 3agHASA YacTb 3TOr0 KOHTPGOPCA BKIIOYAOT NateparibHyt0 CTEHKY rMasHuubl 1
nareparnbHyto (3a4QHI0K0) CTEHKN BEPXHEYENOCTHOM Nasyxu.

The posterior maxillary buttress is formed by the pterygoid plates, which connect the
sphenoid bone (skull base) to the maxilla (midface) and which are an important site of
craniofacial dissociation (Le Fort) fractures.

3aaHun BepxHe4entcTHOM KOHTpdopc (NypnypHbIi) o6pa3oBaH KpblifOBUAHBIMA
OTPOCTKaMu, KOTOpble COeQUHAIT KITMHOBUAHYI KOCTb (OCHOBaHWE Yepena) C BepXHen
YenCTbIO (CpeaHAs 30Ha Nuua), U KOTOPbIA ABNAETCH BaXKHbIM MECTOM YepenHo-nvLEeBon
Anccouununpyowmx /pasbeanHsaiowmx (Jle dop) nepenomos.

The posterior mandibular buttress is the posterior margin of the mandible and includes
portions of the angle, ramus, and condyle.

3apgHun (BepTUKarbHbIN) HUXKHEYEeNCTHON KOHTpdopc (hroneToBbin) SBNAETCA 3a4HUM
KpaeM HWKHEN YerntocTy 1 BKoYaeT B cebs 4acTy yrna, BeTBM U CyCTaBHOIO OTPOCTKA.

In a different system that is used by otolaryngologists, the osseous facial anatomy is divided
into upper, middle, and lower thirds (Fig 2).



B opyrom cucteme, Kotopas UCNONb3yeTCs OTONapuHrorioraMum, fiMUeBon Yepen pasgenserca
Ha BEPXHUN, CpeaHn N HWXKHen Tpetn (Puc. 2).

The upper third of the face consists of the frontal bone (including the frontal sinuses) and is
delineated from the middle third by the superior orbital rims and walls.

BepxHsasa TpeTb nuua cocTouT u3 NobHOM KOCTU (B TOM Ymcne nobHbIX nasyx) un
OTrpaHUYMBaeTCs OT CpedHen TPeTU BEPXHUM KPaeM rrasHnLbl U BEPXHEN CTEHKON.

The middle third of the face extends from the superior orbital rims inferiorly to the maxilla and
thus includes the orbits; the nasal cavity; and the maxillary, ethmoid, and sphenoid sinuses. The
middle third of the face is bounded posterolaterally by the zygomaticotemporal sutures, which
connect the midface to the calvaria, and posteromedially by the pterygoid plates, which connect
it to the skull base.

CpeaHAs TpeTb N1ua NpocTUPaeTCs OT BEPXHErO Kpasi OpOUTLI BHU3 K BEPXHEW YENOCTU U,
Takum obpasom, BKNo4aeT opbuTtbl; NONOCTb HOCA; U BEPXHEYENIOCTHYIO, peLLeT4aTyo 1
KNMHOBUAHYIO nasyxun. CpegHasa TpeTb Nuua orpaHnyveHa K3aguv v natepanbHo
(posterolaterally+ no ckynosucodHomy (zygomaticotemporal) Wy, KOTOpble COEOUHAIOTCS B
cpefHen YacTu nvua K cBoay Yepena, a k3agu n meguaneHo (posteromedially) no
KPbINOBUAHBIM OTPOCTKaM, KOTOPbIE COEAMHSIIOT €ro K OCHOBaHWUIO Yepena.

The lower third of the face consists of the mandible.
HWXHAA TpeTb nuua COCTOUT N3 HUXKHEN YESOCTH.

Classifying fractures by their location with regard to these facial thirds may be helpful for
planning surgical access. For example, fractures involving the frontal sinuses (upper third) may
be approached by using a coronal incision, whereas fractures involving the orbital floor (middle
third) are approached by a transconjunctival incision of the lower eyelid (12).

Knaccudumkaums nepenomoB no ux fokanusaumm ¢ y4eTom 3Tux TpeTen nuua moxeT ObiTb
NOne3HbIM 4118 MaHNPOBaHUSA XMPYPrmyeckoro Aoctyna. Hanpumep, nepenomsl, BOBNEKaKwLme
NobHble nasyxu (BEPXHSIA TPETb), MOXET NPOBOANTBLCS C UCMONb30BAHMEM KOPOHANbHOro
paspesa, B TO BpeEMS KakK Npu nepenomax, BoBekatowme «non» (HWKHIOK CTEHKY) opbuT
(cpegHsis TpeTb), HE NOAXOAAT TPAHCKOHBIOKTUBANbHbIE pa3pesbl HUXKHUX BeK (12).

Figure 2 System of facial partitions. Three-dimensional CT image of an adult skull with color
overlays shows partition of the facial anatomy into upper (red), middle (blue), and lower (yellow)
thirds, the system used by otolaryngologists to describe locations of fracture in the facial
anatomy.

Puc. 2 Cuctema nogpasgeneHun nuua. TpexmepHoe KT-nsobpaxeHune yepena B3pocroro ¢
LBETHbIMW HaKnagkamMmu nokasblBaeT pa3geneHne aHaToMMKM fvua Ha BEPXHIO (KpacHas!),



cpenHss (CUHAST), U HWXKHASA ()KenTad) TPeTu, CUcTemMa MCNONb3yeTCs OToNapuHrorioramMmmn ans
OnncaHnsl MeCcTOMNONOXEHNs Nepenoma B aHaToMum nmua.

Complex Fractures Involving Multiple Facial Buttresses — CnoxHble npenombl ¢
noBpeXaAeHMeM MHOIMX nuueBbIX KOHopcoB

Le Fort fractures are complex facial fractures that result from a high-force impact on the midface
structures and are characterized by a variable degree of craniofacial dissociation spanning
multiple facial buttresses. These fractures were first described in the early 20th century by
French surgeon René Le Fort, who conducted experiments in which blunt force was applied to
the midface of cadavers.

Mepenomel Jle-dopa - 3TO CloXHbIE (KOMMIIEKCHbIE) NEPENOMbI JIULIEBLIX KOCTEN,
BO3HUKaOLWMe B pe3ynbTaTe BbICOKOM CUMbl yaapa no CTPYKTypaM CpedHen Yyactu nuua u
XapaKTepu3yTCs PasfMYHON CTENEHbI0 YePENHO-NMLEBLIX ANCcouMauni (pasbegmHeHnn),
OXBaTbIBalOLLME HECKONBbKO NULEBbLIX KOHTPGOPCOB. ATK NepenomMbl GbinNn Bnepsble onvcaHbl B
Haudane 20 Beka paHLy3CkMM xupyprom PeHe Jle dopom, KOTopbI MPOBOAMI 3KCNEPUMEHTI,
B KOTOpbIX Tynas cuna Obin NpMMeHeHa K CpeaHen 30He nuua Tpynos.

[Teaching Point || ¢ Fort described three common fracture patterns, each caused by a force of a
different magnitude and all including a fracture through the pterygoid plates (Eig 3). Depending
on the distribution of forces through the facial skeleton, multiple Le Fort fracture patterns may
occur at the same time, and different combinations may occur on the two sides of the face (eg,
type | and Il fractures on the left side, and type Il and Il fractures on the right).

J'Ie-d>op0M onncaHbl TP 0BLLMX 3aKOHOMEPHOCTEN NEPENIOMOB, KaXabl
HaAHECEHHbIN CUMON PasnNUYHON BEMNYMHbI, U BCE BKMNIOYAOT NepernomMbl Yepes KpbIToBUAHbIE
oTpocTkM (puc. 3). B 3aBUCMMOCTU OT pacnpeaeneHns cun no nuueBoMy CKeneTy,
MHOXECTBEHHbIX NaTTEPHbI NepesioMoB Jle dop MOryT NPOUCXOaUTb OOHOBPEMEHHO, U pasHble
KOMOBMHaLMM MOryT BO3HUKHYTb Ha 0b6enx ctopoHax nuua (Hanpumep, nepenomsl Tun | n 1l Ha
NeBOW CTOPOHe, a Il u lll Tunbl nepenomoe cnpaea).

Le Fort fractures. Three-dimensional CT images of an adult skull in frontal (a) and lateral (b)
orientations with color overlays show the osseous facial structures that are typically affected by
type | (red), type Il (blue), and type Il (yellow) Le Fort fractures.

Ne-®op-nepenombl. TpexmepHas KT-nsobpaxeHuns yepena B3pOCNoro Bo hpoHTansHom (a) u
6okoson (6) NpoeKkumnsax ¢ UBETHbIMU HaKNaAKaMu NOKa3bIBalOT KOCTHO NULEBbLIE CTPYKTYPbI,
KoTopble 006bI4HO nopaxatotces npu Tune | (kpacHbie), Tune |l (cunnin) n Tune Il (kenTbin)
nepenomos Jle ®op.
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Figure 3a

Figure 3b

A type | Le Fort fracture, also known as a Guérin fracture or “floating palate,” results in
separation of the hard palate (lower transverse maxillary buttress) from the remainder of the
face and the skull base. This fracture pattern is horizontally oriented and spans the anterior,
lateral, and medial maxillary walls, transecting the inferior margin of the piriform aperture and
nasal septum and extending posteriorly through the pterygoid plates (Fig 4a, 4d, 4e). Because
the fracture extends anteroposteriorly in the axial plane, it is typically best depicted on coronal
and three-dimensional images.

| Tvn nepenoma Jle ®op, Takke N3BECTHLIN Kak nepenom repeHa (Guérin) unu “nnaeatoLLen
Heba”, NposIBNAOLWMIACS B OTAENEHMM TBEPAOro Heba (HUXKHWUI NONEPEYHbI BEPXHEYETTIOCTHON
KOHTPOPC) OT OCTanbHOM YacTu nnua n OCHOBaHUA vyepena. 3Ta MoAenb nepenoma
FOPM30OHTaNbHO OPUEHTMPOBAHHOMO 1 MOPaXKatoLLEro NepeaHior, narepanbHyto (3agH0), 1
MeaunarnbHYH CTEHKN BEPXHEYENIOCTHOM Nasyxum, pacceKkaroLmini HUXKHUIA Kpan rpyLueBngHom
anepTypbl 1 HOCOBOW NEPEropoaKN U pacrnpOCTPaHALWMECS K3aan Yepes KPbINoBUAHbIE
oTpocTka (Puc. 4a, 4d, 4e). Tak kak nepesioM pacnpocTpaHseTca B nepegHe3agHeMm
HanpasneHnn B 0CEBOW NITOCKOCTU, OH OBObIYHO Nyylle BUAEeH n306paxeHHble Ha KOPOHarbHbIX
N TPEXMEPHbIX N306paeHnsIX.

Multiple Le Fort fractures in the same patient. (Color keys correspond to the region affected by
the fracture type shown with the same color in Fig 3.)

MHoxecTBeHHble nepenomebl Jle dop y ogHoro u Toro xe naumeHTa. (LiBeta ctpenok
COOTBETCTBYIOT LiBETAM MOBPEXOaeMbIX PErMOHOB, Kak Ha Puc. 3.)



(4a) Axial unenhanced CT image at an inferior level of the maxillary sinuses demonstrates
bilateral fractures through the pterygoid plates (arrowheads) and maxillary sinus walls (red
arrows), findings indicative of type | Le Fort fractures. Pterygomaxillary dissociation due to
fracture extension through the pterygoid plate is a criterion for Le Fort classification.

(4a) AkcnanbHoe HekoHTpacTHoe KT-n3obpaxeHrne Ha HUKHEM YPOBHE ralMopOBbIX Nasyx
AEMOHCTPUpPYeT ABYCTOPOHHME Nepenombl Yepes KPbINOBUAHbIE OTPOCTKN (HAKOHEYHWKN CTpen)
N CTEHKWN BEPXHEYENIOCTHbIX Nasyx (KpacHble CTPEenku), aTn NPpU3HaKK ykasbiBatoT Ha | Tun
nepernoma Jle ®op. KpbinosugHoeepxHeyentocTHoe (Pterygomaxillary) pasbseanHeHue /
auccoumanumsa ns-3a paclimpeHuns nepenomMa Yepes KpblrioBUOHbIE OTPOCTKM ABNSAETCS
KpuTepuem ans knaccudukaumm Jle dopr.

(4b) Axial unenhanced CT image at a superior level of the maxillary sinuses depicts fractures
through the medial margins of the anterior and posterior maxillary walls, which are characteristic
of type Il Le Fort fractures (blue arrows), and nondisplaced fractures through the zygomatic
arch, which are a component of type Il Le Fort fractures (yellow arrows).

(4b) AkcranbHoe HekoHTpacTHoe KT-nsobpaxeHne Ha BEpXHEM YPOBHE raiMOpOBLIX Na3syx
n3obpaxaeT nepenombl Yepes MeauarbHble Kpas nepeaHen 1 3aHen CTEHOK
BEPXHEYENIOCTHON Na3yxu, KOTopble XxapakTepHbl Ansa nepenoma |l Tuna e ®op (cnHne
CTpernku), n Yyepes nepenombl Ckyrnoson ayrm 6e3 cmelleHns (nondisplaced), koTopbie
ABnsATCA YyacTbto nepenomos Il Tuna Jle ®op (kenTbie cTpenkn).



(4c) Axial unenhanced CT image at the level of the orbits shows fractures through the nasal
bridge, medial orbital walls, and lateral orbital walls (yellow arrows), findings indicative of type llI
Le Fort fractures.

(4c) AkcmnanbHoe HekoHTpacTHoe KT-n3obpaxkeHne Ha ypoBHE OpOMT NokasbiBaeT NeperiomMbl
yepes CMMHKY HOca, MeananbHble CTEHKW MMasHuL, U nateparnbHble CTEHKN rMasHuL (KenTtble
CTpernku), Npu3aHakn cangetenscTBytoT o nepenome |l Tuna Jle ®op.

O

(4d) Coronal unenhanced CT image demonstrates type | Le Fort fractures of the inferior aspect
of the maxillary sinus walls (red arrows), type Il Le Fort fractures of the inferomedial orbital walls
(blue arrows), and type lll Le Fort fractures of the medial and lateral orbital walls (yellow
arrows).

(4d) KopoHanbHoe HekoHTpacTHoe KT nsobpaxeHne geMoHcTpupyeT nepenom | Tuna no Jle
PopT — NepenomMbl HKHUX NOBEPXHOCTEN CTEHOK BEPXHEYENOCTHBIX Na3yx (KpacHbIe CTPErkn),
nepenom Il Tna no Jle ®op - nepenomsl HMXHe-MmeguanbHbix (inferomedial) cTeHOK rnasHuLbI
(cuHwne ctpenku), u nepenom lll Tvna no Jle ®op - nepenomMsl MegnansHOM 1 fiaTepanbHON
CTEHOK rnasHuULbl (XenTble CTPEnkKM).



(4e) Three-dimensional CT image in frontal orientation delineates type | (red), Il (blue), and III
(yellow) Le Fort fractures.

TpexmepHble n3obpaxeHus KT Bo hpoHTanbHOM NpoeKkL M oTme4vatoT nepenomsl Tvnjd |
(kpacHbIn), 1l (cnHun) n 1l (kenTbin) no Jle ®op.

A type Il Le Fort fracture, also known as a “pyramidal” fracture, produces a pyramid-shaped
maxillary fragment that may move independently of the rest of the upper midface and skull
base. The apex of the pyramid is situated at or just inferior to the nasofrontal suture. The
obliquely oriented fracture extends through the medial orbital wall, orbital floor, and
zygomaticomaxillary suture, but spares the zygomatic bone (Fig 4b, 4d, 4e).

Mepenom Il Tna no Jle ®op nepenom, Takke N3BECTEH KaK “iMpamMmmnaancHbIn’ nepenom,
Npon3BOAUT NMPaMnaanbHON POpMbl BEPXHEYEMOCTHON dparMeHT, KOTOPbIE MOXET ABUraTbCS
He3aBUCMMO OT OCTallbHOW BEPXHEWN YacTu cpefiHen YacTu nNuua u OCHOBaHUA Yepena.
BeplimHa nupamuabl HAXOAUTCA Ha YPOBHE UMK YyTb HWXE HoconobHoro (nasofrontal) wea.
Koco opueHTupoBaHHbIE NTMHUM NeperioMa NpoxXoauT Yepes MeananbHble CTEHKW rnasHuL,
«Mon» (HWXKHWE CTEHKN) OpOUT N CKyNoBEpPXHEYerntoCTHbIN (zygomaticomaxillary) wsbl, HO
LwaamnT ckynosble Koctu (Puc. 4b, 4d, 4e).

This fracture spans the superior medial maxillary, inferior lateral maxillary, upper transverse
maxillary, and posterior maxillary buttresses. Axial and coronal reformatted images are useful
for visualizing the extension of a type Il Le Fort fracture in an oblique plane through the medial
and inferior orbital walls.

OTOT nepenom oxeaTbiBaeT BEPXHE-MeANanbHbIi BEPXHEYETOCTHON, HWXKHUA naTeparbHbIn
BEpPXHEYENCTHON, BEPXHUI NOMEPEeYHbIN BEPXHEYENOCTHON U 3aHWUIA BEPXHEYESTIOCTHbIE
KOHTpdhopchbl. AKCHarnbHble N306paxeHns U KOpOoHanbHblE PEKOHCTPYKLMM NONE3Hbl ANg
BU3yanusaumm pacnpoctpaHeHus |l Tuna nepenoma Jle ®op B KOCOM MAOCKOCTU, NPOXOASALLEN
yepes MeananbHYH U HUXKHUE CTEHKM rMasHulbl.

A type lll Le Fort fracture, also known as craniofacial dissociation, causes complete dissociation
of the face from the skull base, as the name implies. This fracture begins at the nasofrontal
suture and travels laterally through the medial and lateral orbital walls and zygomatic arch; thus,
a type lll Le Fort fracture, unlike types | and Il, involves the zygomatic bone (Fig 4b—Fig 4e).
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Mepenom Il Tvna no Jle ®op, Takke M3BECTHLIN Kak YepenHo-nuueBas auccoumnaumus
(pasbeanHeHne), NPUBOSUT K MOMHON AMCCoLMaL MM NNLEBLIX KOCTEN OT OCHOBaHUS vepena,
Kak BUOHO M3 Ha3BaHUSA. ATOT NEpPEnom HaumHaeTcsa B HoconobHom (nasofrontal) wee n
npoxoauT B GOKOBOM HanpaBneHUn No MeamanbHOW U naTtepanbHOM CTEHKaM opouT u
CKynoBon gyru; Takum obpasom, nepenom lll Tuna Jle ®op, B otnnume ot | n |l TMno., Bkntovaet
ckynoson koctu (Puc. 4b - Puc. 4e).

The facial buttresses affected by type Il Le Fort fractures are the superior portions of the medial
maxillary and lateral maxillary, upper transverse maxillary, and posterior maxillary buttresses.
Identification of the extension of fracture to the lateral orbital wall and zygomatic arch on axial or
coronal images of the face helps distinguish type Ill from type Il Le Fort fracture, since
involvement of the nasofrontal suture and medial orbital walls is common to both.

JInuesble koHTpdbopchl, noBpexgaemble npu Tun |l nepenoma Jle dop — 370 BEPXHAA YaCTb
MegunarnbHOro BEpXHeYentoCcTHOro 1 natepanbHOro BEpXHEYentoCTHOro, BEPXHUA MonepeYHbIn
BEpPXHEYentoCTHOM U 3aHUI BEPXHEYENtoCTHON KOHTpdopckl. OnpegeneHve
pacnpocTpaHeHns nepenoma Ha nateparbHYyl0 CTEHKY rMasHuLbl U CKYINOBYIO Ayry Ha
aKkcmanbHbIX U KOPOHAaNbHbIX N306paXxeHusax nuua nomoraet pasnuyats Nepenom Il Tuna ot
nepenoma Il Tuna Jle ®op, BoBneyeHne HocornobHoro (nasofrontal) wea 1 MmeguanbHbIX CTEHOK
rnasHuy siBnseTcsa obwnm ans oboumx.

Surgical fixation of Le Fort fractures is achieved with rigid plates and screws placed along the
fractured facial buttresses (Fig 5). The surgical procedure begins with restoration of the normal
configuration of the medial and lateral maxillary buttresses to permit normal occlusion between
the maxillary and mandibular teeth. Next, maxillomandibular fixation is performed to maintain
dental occlusion during the rest of the repair procedure. Last, the anterior portions of the facial
buttresses are repaired to restore facial dimensions and reestablish facial structural support,
and the maxilla is rejoined to the calvaria (13).

Xupyprudeckas dukcaumnsa nepenomos Jle Pop gocturaeTcsi C MOMOLLbIO XXECTKUX NMACTUH n
BMHTOB, PacnosioXXeHHbIX BOOSb NEPENOMOB NMLEBLIX KOHTPdopcoB (Puc. 5). Xupypruyeckas
npoueaypa Ha4MHaeTCcsl C BOCCTAHOBEHMS HOPMaribHON KOHUrypaumm MeanansHOn 1
natepanbHOM BEPXHEYENCTHbLIX KOHTPAOPCOB AN obecnevyeHns HoOpMarnbHOro NpuKyca
MeXay BEPXHEN N HMXHEN YentocTn 3ybbl. [lanee, BepxHee-HMKHeYentocTHas
(maxillomandibular) doukcaums ocyuiecTenseTca Ana nogaepXxaHmsa 3y6HOM OKKNIO3nn BO
BpeMsi ocTarnbHas 4acTb npoueaypbl conoctaBneHus. lNosxe, nepeaHsas 4acTb NMLEBOro
KOHTpdhopca BoCcCTaHaBNMBanach, 4T00bl BOCCTAHOBUTb pa3mMepsbl fvua 1 BOCCTAaHOBUTb
CTPYKTYPHYIO NOAAEPXKKY NNLA, N HWKHAS YerntoCcTb BHOBb NpucoeauHaeTcs K vyepeny (13).

Le Fort fractures before and after internal fixation. (Color keys in Fig 5a correspond to the
fractured region with the same color in Fig 3; color keys in Fig 5b correspond to the buttress
with the same color in Fig 1.)

Jle-®opT-nepenomel 40 1 Nocrne BHyTpeHHen dukcaummn. (LiBeT 30H Ha puc. 5A cooTBeTCTBYET
CnomMaHHom obnacTu ¢ TakuM xe LBeTom Ha puc. 3; LiBeT 30H Ha Puc. 5b cootBeTCcTBYET
KOHTpchopcam C TEM e LBETOM Ha puc. 1.)
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Figure 5a

(a) Three-dimensional CT image of facial bones demonstrates bilateral type | (red arrows) and
type Il (blue arrows) and left-sided type 1l (yellow arrows) Le Fort fractures.

(a) TpexmepHoe nsobpaxeHune KT kocTen nuueBoro Yyepena AeMOHCTPUPYET OBYCTOPOHHUN
Tun | (kpacHble cTpenku) u Il Tuna (cuHme cTpenkn) n NneBocTopoHHUn Tun Il (kenTble cTpernku)
Jle ®opT nepenombl.

Figure 5b

(b) Three-dimensional CT image obtained after internal fixation of the fractures shows plates
and screws spanning the medial maxillary (red arrows), lateral maxillary (blue arrows), right
lower transverse maxillary (green arrows), and right upper transverse maxillary (yellow arrow)
buttresses. Maxillomandibular fixation devices also are seen (purple arrows).

(b) TpexmepHoe KT-nszobpaxeHue, Nony4eHHOe Nocne BHYTPEHHeN oukcaumm nepenomMos
noKasblBaeT, NNacTVHbl U BUHTbI, OXBaTbiBalOLLME MeananbHble BEPXHEYESIOCTHbIE (KpacHbIe
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CTpernku), natepanbHble BEpXHEYENtOCTHbIE (CUHME CTPENKK), NPaBbli HYXKHWUIA NONepeYHbIn
BEPXHEYENIOCTHOM (3eNeHble CTPErkKM), 1 NpaBbiii BEPXHUI NONEPEYHbI BEPXHEYENHOCTHOM
(xenTas cTpernka) KoHTpdopchl. Takke BugHas BepxHe-HMmkHeventocTHasa (maxillomandibular)
dumkcaTopsbl (proneToBble CTPENKN).

Fractures of the naso-orbitoethmoid (NOE) complex are caused by a high-impact force applied
anteriorly to the nose and transmitted posteriorly through the ethmoid bone. Severe
comminution of both medial maxillary buttresses results in a pattern of fractures involving the
nasal bones and septum, ethmoid sinuses, and medial orbital walls. Frequent complications
caused by fractures of the NOE complex include exophthalmos due to a decrease in intraorbital
volume, telecanthus due to medial canthal tendon injury, and cerebrospinal fluid (CSF)
rhinorrhea due to fracture through the cribriform plate.

Mepenombl Ha3o-opbutToaTMongansHoro (naso-orbitoethmoid) (NOE) komnnekca Bbi3BaHbl
BbICOKO 3HepreTU4ecKom CUomn, NPUNoXeHHOW Knepeam K HOCY U nepefatoLlerocs Hasag Ha
pelueTyaTyo KOCTb. BbipaxeHHas pparmeHTaumnsa (ockonbyaTocTb) 060X MeananbHbIX
BEpPXHEYENOCTHbLIX KOHTPAOPCOB NPOABNAETCA B MOAENY NepernomMoB, BOBMEKaOLMX HOCOBbIE
KOCTM M NPErOpoAKY, pelueTyaTthble KNeTkn n meananbHble CTEHKM opouT. HacTble OCNOXHEeHNS,
Bbl3BaHHble nepenomMmamn NOE KoMnnekca, BKIIYakT aKk3oTarbM U3-3a yMEHbLUEHUS
BHyTpropbutansHoro (intraorbital) o6bema, TenekaHTyc (telecanthus) Bcnegcreume paspbiBa
MeamanbHoOM KaHTanbHon (canthal) cBaskn n puHopen (HocoTeveHns) CNIMHHOMO3roBOW
xngkoctn (CSF) ns-3a nepenoma npogbIpABreHHy NiacTUHbI.

The Markowitz and Manson classification system categorizes fractures of the NOE complex
according to whether the medial canthal tendon is involved, as follows: In type | NOE fractures,
the medial canthal tendon is intact and connected to a single large fracture fragment; in type Il
fractures, the fracture is comminuted, and the medial canthal tendon is attached to a single
bone fragment; in type Il fractures, comminution extends to the medial canthal tendon insertion
site on the anterior medial orbital wall at the level of the lacrimal fossa, with resultant avulsion of
the tendon (Fig 6, 7) (14).

Cucrema knaccudpumkauun Mapkosuy n MaHcoH’a (Markowitz and Manson) knaccuduumpyet
nepenombl NOE Komnrekca, B 3aBMCMMOCTU OT BOBIIEYEHNSI MeAnanbHOW KaHTanbHON CBA3KY,
cnegyrowmnm obpasom:

Tun | NOE nepenoMoB - MeanarbHas KaHTanbHas CBA3Ka MHTAKTHa U NPUKPENSISIETCA K
€[MHCTBEHHOMY KpYyrnHOMY doparmMeHTy; BO |l TUne nepenomMoB - nepeniom OCKOMbYaThbIn n
MegunanbHas KaHTarnbHasi CBA3Ka NPUKPennseTcsa K OQUHOMY U3 KOCTHbIX dpparmMeHToB; B 11|
TMNe NeperioMoB, U3MeNbYeHNe NPoOLOINKaeTCa A0 MecTa NPUKpeneHns MeamanbHon
KaHTanbHOM CBA3KW Ha nepeaHen MeamnansHOW CTeHKE rnmasHULbl Ha YPOBHE Crie3HOM SIMKU, B
pes3ynbTaTe OTpbIB CBA3KN (puc. 6, 7) (14).

[Teaching Point |A/though the tendon itself is not visible at multidetector CT, the radiologist’s report
of the degree of comminution of the medial orbital wall at the level of the lacrimal fossa may be
helpful for surgical planning of medial canthal tendon repair.

[Teaching Point [X 5151 camo CYyXOXunune He BUOHO Ha MynbTucpesoBor KT, oTyeT paguornora o
CTENEHN N3MeNbYeHNsT MeanarnbHON CTEHKUN MMa3HULbl HA YPOBHE CrE3HOMN SIMKE MOXET OblTb
NONEe3HbIM ANSA XMPYPrMYeCcKoro niiaHMPOBaHNSA PEKOHCTPYKLUUN MeanasnbHON KaHTarbHOM
CBSA3KK

Three-dimensional CT images of an adult skull with graphic overlays depict the Markowitz and
Manson classification system for classifying fractures of the NOE complex:

TpexmepHaa KT-usobpaxeHue yepena ¢ rpadouy4ecknMm Hakrnagkamm nsobpakarotr cuctemy
knaccudukaumm Mapkosuua n MaHcoHa nepenomoB NOE komnnekca:
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type | NOE fracture (a), characterized by a single large central fragment with attached medial
canthal tendon;

Tvn | NOE nepenoma (a), xapakrepuadyeTcs ogHUM 60NbLUMM LieHTpanbHbIM (hparMeHToM C
NpUKpenneHHbIM MeananbHbIM KaHTanbHbIM CYXOXUINEM;

W 3 D BN\
8 BT 3

type Il NOE fracture (b), characterized by comminution without extension to the medial canthal
tendon attachment;

Il Tn NOE nepenoma (b), xapaktepusyeTcs namenbyeHvem 6e3 pacnpocTpaHeHns Ha
npuKpenneHve MegnanbHOro KaHTanbHOro CyXOXUIUS;
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and type Il NOE fracture (c), characterized by comminution through the medial canthal tendon
attachment, with resultant tendon avulsion.

n lll Tina NOE nepenoma (c¢), xapakrepunayeTcsi UISMeNbYeHMEM YEPE3 MECTO NPUKPENNEHNS
MeaunanbHOro KaHTanbHOro CyXOXunus, B pesynbTaTte - OTPbIB CyXOXUIUS.

Figure 7 Three-dimensional CT image of the left medial maxillary buttress in lateral oblique
orientation shows a single fracture fragment that includes the lacrimal fossa at the expected
insertion site of the medial canthal tendon, findings indicative of a type | NOE fracture. Fractures
through the left frontal calvaria, lateral orbital rim, and zygomatic arch also are seen.

Puc. 7. TpexmepHoe KT nzobpaxxeHne neBoro MeananbHOro BEpXHEYENtoCTHOro KOHTpdopca B
narteparbHOM KOCON NpoeKunn BUAEH OOUH OCKOSOK, KOTOpas BKITOYAET Cre3HY SIMKY Ha
npeanonaraemoe MecTo NpuKpenneHus meguansHoro canthal cyxoxunus, BbiBOAbI yKasblBaloT
Ha | Tun nepenomos NOE. NMepenomMbl Yepes nesbin NTOGHbLIV CBOA Yepena, naTepanbHoro Kkpas
opOuTbl 1 CKYNOBOW Oyrn TOXe BUAHbI.

A fracture of the zygomaticomaxillary complex, also known as a tetrapod or quadripod fracture,
is caused by a direct traumatic blow to the malar eminence, with resultant dissociation of the

underlying zygomatic bone from the calvaria. The zygomatic bone constitutes part of the lateral
orbital walls inferior to the frontal bone, the anterior and lateral maxillary sinus walls superior to
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the hard palate, and the zygomatic arch anterior to the temporal bone and is normally
connected to the rest of the facial skeleton and the calvaria by four sutures

Mepenom ckynoBepxHeYentocTHoro (zygomaticomaxillary) komnnekca, Takke U3BECTHbIN Kak
nepenombl TpeHorn unm tTetpaHoru (quadripod), BbidaBaHa NpsiMbiM TpaBMaTUYECKNM YAapOM Mo
CKYyITOBOMY BO3BbILLEHMIO, C BO3HUKHOBEHMEM pa306LueHns (guccoumnanmmn) CKyrnoBom KOCTK OT
yepena. CkynoBasi KOCTb 0Opa3yeT YacTb natepanbHON CTEHOK rMa3HuLbl HXe NTOGHOM KOCTH,
nepeaHo 1 natepanbHy CTEHKN BEPXHEYENOCTHOWM Na3dyxu Bbille TBepAoro Heba u
CKyITOBYIO ATy Knepeaun OT BUCOYHOM KOCTM U OObIYHO CBA3aHa C OCTasrlbHOM YacTbio NMULEBOrO
ckeneTta u cBoAa vepena YeTbipbMsi LBAMMW.

A zygomaticomaxillary complex fracture extends through these four sutures (Figs 8, 9).
lMepenombl ckynoBepxHeventocTHoro (zygomaticomaxillary) komnnekca npoxogsaT Yepes aTu
yeTblpe Wwea (puc. 8, 9).

Figure 8 Three-dimensional CT image with color overlays delineates the osseous anatomy of
the zygomaticomaxillary complex: the zygomaticofrontal (green), zygomaticosphenoid (yellow),
zygomaticomaxillary (blue), and zygomaticotemporal (red) sutures surrounding the zygomatic
bone (purple).

Puc. 8. TpexmepHoe KT-nzobpaxeHue ¢ UBETHbIMU HaknagkamMm o4epynBaeT KOCTHYHO
aHaToOMMIO CKyroBepxHeYentcTHoro (zygomaticomaxillary) komnnekca: ckyrnono6HbIn
(zygomaticofrontal) (3eneHbin), CKynoknMHOBUAHbIV (zygomaticosphenoid) (kenTbin),
CKyrioBepxHeyentocTHou (zygomaticomaxillary) (cvHMI) 1 CKynoBUCOYHbIV
(zygomaticotemporal) (KpacHbI) LLBbI BOKPY CKYNOBOW KOCTU ((DMONEeToBbIN).

This fracture pattern was previously known as a tripod fracture because only three disrupted
sutures (the zygomaticofrontal, zygomaticomaxillary, and zygomaticotemporal sutures) could be
discerned at screen-film radiography. However, the fracture actually extends posteriorly through
the zygomaticosphenoid suture, the fourth component.

OTOT naTTepH nepenoma Obin paHee N3BECTEH Kak Nepenom wtaTue (TpeHorn), NoToMy 4YTo
noBpeXxaeHns TonbKo Tpex WBoB (zygomaticofrontal, zygomaticomaxillary u
zygomaticotemporal) MOXXHO ObISIO YBUAETb HAa peHTreHorpamme. Tem He MeHee, Neperiom Ha
caMOM fene NpocTupaeTcs k3aam Yepes YeTBePThbI KOMMOHEHT, CKYNOKMMHOBUOHbIN
(zygomaticosphenoid) woB.
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A zygomaticomaxillary complex fracture therefore disrupts both the lateral maxillary and upper
transverse maxillary buttresses. Displaced zygomaticomaxillary complex fractures, which
typically result from rotational forces applied on the zygomatic bone by the masseter muscle,
may lead to difficulty in mastication because of infratemporal fossa occupation or increased
orbital volume and resultant enophthalmos.

CnepoBaTenbHO, NepenioMbl CKyNTIOBEPXHEYESTCTHOrO (zZygomaticomaxillary) komnnekca
noBpeXxgaloT natepanbHbIi BEPXHEYENOCTHON U BEPXHUKW NMOMepeYHbIn BEpXHEYENOCTHON
KOHTpdopcokl. Cmellatowwme nepenomel zygomaticomaxillary komnnekca, kotopble, Kak
NpaBuIo, UCXOAUT OT CUIT BPaLLEHUS, NMPUITOXKEHHOW K CKYNOBOW KOCTM >XeBaTeNbHOW MbILLLbI,
MOXET NPMBECTU K 3aTPYOHEHMIO XXeBaHUA U3-3a OKKynaumMm NogBNUCOYHON AMKU Unn
yBenuyeHne opbutansHoro o6vema n pesynbtaTta enophthalmos.

Fractures of the zygomaticomaxillary complex. (Color keys correspond to the location with the
same color in Fig 8.) (a—c) Axial unenhanced CT images of the left orbital region show
nondisplaced fractures through the left zygomaticofrontal (green arrow in a),
zygomaticosphenoid (yellow arrow in b), zygomaticomaxillary (blue arrow in ¢), and
zygomaticotemporal (red arrow in ¢) sutures. lNepesioMbi CKYIOHUXHEYEH0CMHO20
(zygomaticomaxillary) komrnekca. (Lisema cmpernok coomeemcmeaytom ydacmkam ¢ mem xe
ueemom Ha puc. 8.) (a—c)

AkcunanbHble KT-n3obpaxeHusa nesoun opbutansHon obnactu nokasbiBaloT nepenomMsl 6e3
CMeLLeHns Yepes NeBbln cKynonobHbin (zygomaticofrontal) (3eneHas ctpernka B a),
CKYNOKIMHOBMAHbIN (zygomaticosphenoid) (>kenTtas ctpenka B b), CKynoBepxHe4entoCTHbIN
(zygomaticomaxillary) (cuHsist cTpernka B C), M CKynOBMCOYHbIV (zygomaticotemporal) (kpacHas
cTpernka B C) LBbI.

Figure 9a
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Figure 9b

Figure 9c

\
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Figure 9d

(d) Three-dimensional CT image of the upper left facial region shows a nondisplaced left
zygomaticomaxillary complex fracture through the zygomaticofrontal (green arrow),
zygomaticosphenoid (yellow arrow), zygomaticomaxillary (blue arrow), and zygomaticotemporal
(red arrow) sutures.

(d) TpexmepHoe nsobpaxeHune KT neBon BepxHen obnactu nuua nokasbiBaeT HeCMeELLaeMbIN
nepenom fneBoro CKynoBepxHeYentocTHoro (zygomaticomaxillary) komnnekca yepes
zygomaticofrontal (3eneHas ctpesnka), zygomaticosphenoid (>kentasa ctpernka),
zygomaticomaxillary (cuHsas cTpenka), u zygomaticotemporal (kpacHas cTperika) LWsbl.

Zygomaticomaxillary complex fracture before and after internal fixation. (Color keys correspond
to the suture with the same color in Fig 8.) (a) Three-dimensional CT image of an adult face in
oblique orientation depicts a right zygomaticomaxillary complex fracture with a nondisplaced
zygomaticofrontal suture (green arrow), mildly displaced zygomaticomaxillary suture (blue
arrow), and comminuted and displaced zygomatic arch extending through the
zygomaticotemporal suture (red arrow); the zygomaticosphenoid suture was involved but is not
depicted. A nondisplaced fracture of the base of the right coronoid process (arrowhead) also is
seen. (b) Three-dimensional CT image in the same orientation demonstrates fixation of the
zygomaticomaxillary and zygomaticotemporal sutures with plates and screws.

lMepenom ckynoBepxHeventocTHoro (Zygomaticomaxillary) komnnekca 4o v nocrne BHyTPEHHEN
dumkcaumn. (LBeT ykasaTenen COOTBETCTBYIOT LiBeTaMm LWBOB Ha puc. 8.) (a) TpexmepHoe KT
n3obpaxeHne nuvua B KOCOM NPoeKumn n3obpaxkaeT neperioMm Nnpasoro
CKyrioBepxHeuentocTHoro (zygomaticomaxillary) 6e3 cmelleHms ckynonobHoro
(zygomaticofrontal) wBa (3eneHas crpenka), cnabo cMeLeHHOro CKyroBEpPXHEYENOCTHOro
(zygomaticomaxillary) wBa (CMHSAsi CTpenka), 1 OCKONbYaToro nepernomMa cKynoBown Ayrn co
CMeLleHreM, NPoXoasLLMA Yepes CKyNoBMCOYHbIV (zygomaticotemporal) woB (kpacHas
cTperka); nepenom CKynoknnMHoBMaHoro (zygomaticosphenoid) wBea ectb, HO He oToBpaxaeTcs.
HecMmelleHHbIM nepenioMm OCHOBaHMSA MPaBOro BEHEYHOro OTPOCTKA (HAKOHEYHUK) Takke
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oTmedaeTcs. (b) TpexmepHoe KT-nsobpaxeHue B TOM e NPOeKUUn 4EMOHCTPUPYET MKCauuio
zygomaticomaxillary n zygomaticotemporal LuBOB C NOMOLLIbIO HAKNaZAoK N BUHTOB.

Surgical repair involves rigid plate-and-screw fixation of the involved facial buttresses to
reapproximate the disrupted sutures and restore facial symmetry and orbital volume (Eig 10).

Xvpypruyeckoe neveHue BkrovaeT B cebsa ukcaLmio XeCTKUMIN MacTUHaM1 U BUHTaMu
COOTBETCTBYHLLUMNX NULIEBLIX KOHTPOPCOB, YTOOLI COEAMHUTL Pa3pyLUEHHbIE LUBbI U
BOCCTaHOBUTb CUMMETPUIO NnLa 1 opbutanbHbii 06bem (puc. 10).

Figure 10b
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Fractures Involving a Single Facial Buttress — lNepenombl nopaxatrowme oauH nuueBomn
KoHdpopc

Fractures of the upper third of the face typically affect the wall of the frontal sinus because
the bone there is thinner than the rest of the frontal bone. Fractures may involve only the
anterior sinus wall or extend into the posterior wall. Posterior wall extension creates a
communication between the frontal sinus and the anterior cranial fossa, a condition that
increases the likelihood of complications such as CSF rhinorrhea, brain herniation, and
intracranial infection (Fig 11). A fracture along the medial aspect of the frontal sinus may extend
into the nasofrontal duct, causing a mucocele that obstructs sinus drainage and necessitates
surgical correction or frontal sinus cranialization.

MNMepenombl BepxHen TpeTu nuua, Kak Nnpasuno, NoBpeXaatoT CTEHKM JTOGHON Nasyxu, NOTomy
YTO KOCTb TaM TOHbLLE, YeM OCTarnbHasa YacTb NOOHOM KOCTW. Nepenombl MOXET BKNOYaTb B
cebsi TONbKO NepeaHern CTEHKM Na3yxm Unu Ha 3aHIo CTeHKy. PaclumpeHve kpaes nepenoma
3aHEN CTEHKN CO30aEeT CBA3b Mexay NTOOHOM nasyxm 1 nepegHen YepenHom sSMKOW, yCroBue,
KOTOPOE yBENMYMBAET BEPOSATHOCTb OCIOXHEHUI, TaKMX Kak puHopes nuksopoM (CSF),
BKIMMHEHNS MO3ra, a Takke BHyTpuyepenHsble nHgekumm (puc. 11). Nepenom Baonb
MeananbHOM YacTy NOBHON Nasyxm MOXET PacnpOCTPaAHATLCS Ha HOCONOGHLIN (nasofrontal)
NPOTOK, Bbi3blBasg MyKoLlene, YTO 3aTpyAHAET ApPeHax 1 TpebyeT Xupyprniyeckon Koppekumnm
unu kpaHuanusaumm (cranializationO no6Hon nasyxu (KpaHmanusaumsa gonyckaeT yganeHue
3aHEN CTEHKN Na3yxu, CIN3NCTON 000M0YKM 1 06NMTEPALINI0O HOCO HOCO -ITOBHOro NO6GHOro
kaHana. Mpn aTom noboBble 4ONKN 3aMOSHAT NPOCTPAHCTBO, KOTOpOe 06pa3oBanock, BNIOTb
00 nepefHen CTeHKM NUKBMAMPOBAHHOMW 06pa3oBarnoch, BNoTb 40 NepeaHen CTEHKN
NUKBUONPOBAHHOW Masyxu)

Figure 11 Frontal sinus fracture. Axial unenhanced CT image of the frontal bone demonstrates
a mildly displaced fracture of the anterior and posterior walls of the right frontal sinus with
associated opacification of the right frontal sinus and small foci of pneumocephalus.

Puc. 11 lNMepenom nobHon nasyxu. AkcnansHoe KT-n3obpaxeHne noGHON KOCTH
OEMOHCTPUPYET NepernioMm nepegHen n 3agHen CTeHOK NpaBon NOBHON Nasyxm C YMepPEHHbIM
CMELLEHNEM , B COYETAHUUN CO CHUXKEHMEM MHEBMATM3aL MM NpaBon NOGHOM Nasyxu n Menkmnx
ovaroB nHeBMoLedanuu.

Nasal bone fractures are the most common of all facial skeletal injuries because of the
superficial location of the nose and the relative thinness of the bone. Fractures of nasal bone
typically result from blunt force applied from either an anterior or a lateral direction. They are
classified according to the anatomic plane involved, as follows:

Type 1 fractures are limited to the region beneath a plane extending from the caudal tip of the
nose to the anterior nasal spine and do not involve the nasal septum;

type 2 fractures involve the septum as well as the anterior nasal spine;

and type 3 fractures involve orbital bone and, possibly, intracranial structures as well as the
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nasal bone and septum (Eig 12). A fracture that extends into the nasal cartilage may disrupt the
perichondrium, causing a septal hematoma, with potential complications including impaired
nasal breathing, abscess formation, and necrosis with resultant septal perforation.

MNMepenombl KOCTEN HOCa ABNAIOTCS Hanboree pacnpPOCTPaHEHHbIMY U3 BCEX CKENETHOWN
TpaBMbl LA 13-3a NOBEPXHOCTHOIO PacrofioXeHUs HoCa U OTHOCUTENbHO TOHKUX KOCTEMN.
MepenomMbl HOCOBOW KOCTW, OBbIYHO B pe3ynbTaTte ygapa TynbiM NpegMeToM, HaHocuTcs Nnbo
13 nepegHero unm n3 6okoBoro HanpasneHnsa. OHKU KnaccununpyroTcsl B 3aBUCMMOCTU OT
BOBI€4EHHOMN aHAaTOMUYECKOMN NITOCKOCTU, @ UMEHHO:

Tun 1 Nepenomsbl - orpaHnyeHbl 061acTblo OT KpaHNANbHOMO KOHYMKA HOCa 40 nNepeaHen
HOCOBOM OCTU U He npejnonaratT NOBPEXAeHNS HOCOBOW Neperopoaku;

2 Tvin nepenomoB BOBeKaeT Neperopoaky, a TaKkke nepeaHio HOCOBYIO OCTb;

n TMN 3-NepenoMbl BOBIEKAOT KOCTU OpOUTLI, U, BO3SMOXHO, BHYTpUYEPENHbIE CTPYKTYphI, a
TaKkKe KOCTM HOCa U HOCOBYIO Neperopoaky (puc. 12).

Mepenom, npoxoasa Yepes HOCOBOWM XPALL MOBPeaUTb HapyLWUTb HaaxpawHuuy (perichondrium),
BbI3bIBas remaToMy Neperopoaku, ¢ NOTEHUMANbHbIMU OCITOXKHEHUSIMU, BKINOYasa HapyLUeHne
HOCOBOrO AblXxaHus, opMMpoBaHne abcLecca n Hekposa ¢ nocneayoLlen nepgopaumnen
HOCOBOW NEPEropoaKu.

Nasal bone fractures. (a) Axial unenhanced CT image shows a nondisplaced type 1 fracture
through the right nasal bone. Chronic dehiscence of the left orbital plate of ethmoid bone is
incidentally seen.

Mepenombl HOCOBLIX KocTel. (a) AkcnanbHe KT-n3obpaxeHne Tun 1 nepenoma - npasow
HocoBoW KocTu (6e3 cmelleHuns). CrnyyaHO OTMEeYaeTCa XPOHMYECKOe pacTpeckuBaHmne
(aedopmanmsn) neson opbuUTanbHOM NNACTUHKN peLleT4aTon KOCTh

Figure 12a
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Figure 12b

(b) Axial unenhanced CT image depicts mildly comminuted and displaced type 2 fractures
through the bilateral nasal bones and nasal septum.

(b) AkcnanbHoe KT-nsobpaxkeHne otobpaxkaeT ABYCTOPOHHMI ManoOCKONbYaTbI CO
CMeLLleHMeM Nepenom HOCOBLIX KOCTEN HOCOBOW NMeperopoakn 2 tuna.

Isolated zygomatic arch fractures may be found in patients with direct trauma to the posterior
aspect of the upper transverse maxillary buttress. This fracture type is not to be confused with a
zygomaticomaxillary complex fracture, which extends anteriorly to affect the lateral orbital wall.
Given the ringlike structure of the zygomatic arch, the typical fracture pattern is segmental with
mild comminution, occasionally involving the zygomaticotemporal suture, and, possibly,
depression of bone fragments into the infratemporal fossa. Impingement of the temporalis
muscle or adjacent mandibular coronoid process by displaced bone fragments may lead to

trismus (Fig 13).

M3onupoBaHHbIe NnepenomMbl CKYSIOBOM AyrM MOryT ObiTb OOHapyXeHbl y NauneHTOoB C
nNpPsIMON TPaBMOW 3aHEN NOBEPXHOCTMN BEPXHETO NOMNEPEYHOrO0 BEPXHEYENHOCTHOIO
KOHTpdhopca. ATOT TUN nepenoma He Hafo nyTaTb C NepesioMaMm CKyroBepXHEYEtoCTHOro
(zygomaticomaxillary) komnnekca, KOTOpbI panpoCcTpaHaeTca cnepeaun, noBpexaas
nareparnbHyt CTEHKY opbuTbl. C y4eTOM KOMbLEBMAHOIO CTPOEHUSI CKYNOBOW Oyrv, TUNUYHAs
CcXema paspyLleHus - cermeHTapHasi C Manomn OCKOSbYaTOCTbIO, MHOrA4a C y4acTuem
CKynoBUCO4YHOro (zygomaticotemporal) wea, 1, BO3MOXXHO, BAaBNEHNS OTIIOMKOB B
NOABMCOYHYI0 AMKY. CaaBneHne BUCOYHOW MbiLULbl AW NpUnerarpLwero BEHe4YHOro oTpocTka
HVXKHEWN YentoCcTh OT CMELLEeHNs OTIIOMKOB MOXET NpuBecTu K Tpuamy (puc. 13).

(Tpusm (trismus. rpeu. trismos n1ck, CKpexeT) CBeAeHME YentocTen B pesyfnbTate TOHNYECKOro
crnasma >xeBaTernbHOW MyCcKynaTypbl)
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Figure 13 Zygomatic arch fracture. Axial unenhanced CT image demonstrates a comminuted
and depressed fracture of the left zygomatic arch with resultant compression of the underlying
temporalis muscle, a condition that could lead to trismus.

PucyHok 13 Nepenom Ckynosow ayru. AkcnanbHoe KT-n3obpaxeHne geMoHCTpupyeT
OCKOmbYaTbIv 1 BAABMNEHHbIV (OEMNPECCUOHHDIN) Neperiom NIEBON CKYrI0OBOW Ayru C
nocneayoLwnM caasneHeM noanexatuen (Hwkenexaien) BACOYHON MblLLLbl, YCIOBUE,
KOTOpOEe MOXET NPUBECTU K TPU3MY.

Alveolar process fracture, the most common maxillary fracture pattern, affects the lower
transverse maxillary buttress. This type of fracture may result from direct force applied to the
alveolar process or from indirect force transmitted from the underlying teeth via the base of the
dental crown, which acts as a fulcrum. Because of the abundance of bacteria in the mouth, a
fracture of the alveolar process is treated as an open fracture in which there is a breach of the
overlying mucosa necessitating surgical débridement and prophylactic antibiotics. Potential
complications of alveolar process fractures include dental root avulsion, crown or root fracture,
dental intrusion or extrusion, and malocclusion (Eig 14) (15).

MNMepenom anbBeONsAPHOro OTPOCTKa, Hanbonee pacnpoOCTPaHEHHbIN TUM BEPXHEYENOCTHOIo
nepernoma, nNoBpexaaeT HUKHUIA NonepeyHbll BepXHEYEerItoCTHON KOHTPAopC. JTOT TUM
nepernioma MoXeT BO3HUKHYTb B pe3ynbTaTte NpsiMoro BO3AeNCTBUSA Ha anbBeONsiPHbIA OTPOCTOK
NIN KOCBEHHbIE CUIbl, NepefaBaeMoin OT KOpHS 3yba yepes3 ocHoBaHME 3yOHOM KOPOHKH,
KOTOpas BbICTyNnaeT B KayecTBe onopsbl. N3-3a obunua 6akrepuin B nonoctn pta, nepenom
arbBeOoriIPHOro OTPOCTKA paccMaTpmUBaETCs Kak OTKPbITLIN Nepernom, B KOTOPOM €CTb
NOBpeXOEeHUS BbILLenexallen Cnnm3ncTon obonoyku, 4To TpebyeT xmpyprudeckoro obpaboTkm
paHbl (débridement) n npodunakTudeckon aHTnbnoTmkoTepanun. NMoTeHumnanbHble
OCMNOXHEHNS NeperioMbl anbBEONAPHOro OTPOCTKA BKIOYAIOT OTPLIB KOPHS 3y6a, KOPOHKN 1nn
neperioMm KOpHS, AeHTanbHY UHTPY3UIO UMW SKCTPY3NI0, N HenpasBuibHbIA npukyc (Puc. 14)
(15).
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Figure 14 Fracture of the maxillary alveolar process. Axial unenhanced CT image depicts a
fracture of the maxillary alveolar process, with resultant avulsion of the medial and right lateral
maxillary incisors.

PucyHok 14 lNepenom anbBeonsipHOro oTpoCTKa BepXHeN YentocTn. AkcnarnbHble KT-
n3o0paxeHunsa n3obpaxkeH NepenioMm anbBeEONSIPHOIO OTPOCTKA BEPXHEN YENOCTH, B pe3ynbTraTe
Yyero oTpbIB MeguarbHbIX U NPaBoOro naTepasibHOro pesLoB BEPXHEN YEMCTH.

The orbital wall is formed by the medial maxillary, lateral maxillary, and upper transverse
buttresses as well as the osseous floor of the anterior cranial fossa. Single-buttress fractures of
the orbit typically are the result of direct traumatic force to the globe, which produces an orbital
“blowout” fracture as the orbital wall is displaced outward, away from the orbit (Eig 15). The part
of the orbital wall most frequently affected by blowout fractures is the inferior part; the medial
part is the next most frequently affected. Complications of orbital blowout fractures include
extraocular muscle herniation and entrapment, intraorbital hemorrhage, globe injury, and injury
to the infraorbital nerve in the presence of an orbital floor fracture. Internal fixation of orbital
blowout fractures typically involves replacement or reinforcement of the fractured part of the
orbital wall with a mesh material to restore orbital volume and provide a barrier against the
herniation of intraorbital contents into the maxillary sinus (Fig 16).

CTteHka opbutbl 06pa3zoBaHa MeguarnbHON YacTblo BEPXHEN YEMOCTU, NTaTepanbHOM YacTbio
BEPXHEN YESOCTU U BEPXHErO NOonepevyHon BEPXHEYENCTHOrO KOHdopca, Kak KOCTHOro
«rnonax» nepeaHen YepenHon sMku. lNepenom ogHoro kKoHTpdopca opbuTsl, Kak NpaBuno,
ABNAOTCH pe3ynbTatoM NPSMON TPaBMUPYIOLLEN CUIbl rnasa, KoTopas Npou3BoauT
opbuTanbHbIN “B3pbIB”, NPW KOTOPOM TPABMUPOBAHHbIE CTEHKM OPOUTBI CMELLAKTCS HapYyXy,
npoyb OT opbuThl (prc. 15). YacTb cTeHkn rmasHuubl Hambonee YacTo nopaxkaemas
«B3PbIBHbIM» - 3TO HWKHASA YaCTb; MeananbHasa YacTb — CreayoLlasi No YacToTe NOPaXeHUs.
OCnoXHeHMs «B3PbIBHbIX» NepernioMoB opbuTbl BKMOYaTb SKCTPAOKYNAPHBINA Nponanc u
yleMreH1e MbliLLL rnasa, BHYTPUriasHU4YHoe KpoBOM3NUsiHMEe, TpaBMbl rnasHoro sbnoka um
NOBpPEXOEHUS rMa3Horo Hepsa Npu nepenoma nona opbutbl. BHyTpeHHsIs dmkcaums
«B3PbIBHOIO» neperioma opbuTthbl, Kak NPaBKO, BKOYaET PEno3nLnoy Unn ykpenneHue
(apmupoBaHue) CIIOMaHHOM YacTW CTEHKM MMasHuLbl C NOMOLLbIO CETYaTOro MaTepuana ans
BOCCTaHOBIEeHMs opbuTtanbHoro ob6bema n obecneveHns 6apbepa NpoTUB Nponanca
BHYTpMoOpOUTanbHbIX TKAHEN B BEPXHEYENOCTHYIO na3yxy (puc. 16).
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Figure 15 Orbital blowout fracture. Coronal unenhanced CT image shows a displaced blowout
fracture of the left inferior orbital wall with resultant entrapment of the inferior rectus muscle
(arrow), which appears rounded in comparison with the normal right inferior rectus muscle. The
fracture extends through the inferior orbital canal (arrowhead).

PucyHok 15 «B3pbiBHOW» nepenom opbutbl. KopoHanbHble KT-uzobpaxeHusa KT npegcransior
«B3PbIBHONY» NEPENiOM CO CMELLEHNEM HIDKHEN CTEHKM NIEBOW rMasHuLbl C NOCneayoLwmnm
yLieMneHneM HKHEN NPsIMO MblLLbl (CTPenka), KoTopas BU3yanuanpyeTcs OKpyrion no
CpaBHEHMN C OObIYHOM MPABON HXKHEN NPSMON MblWwLbl. [lepenom NpoxoauT Yepes HKHIOK
rNasHUYHYIO Wenb (kaHan) (HaKOHEeYHMK).

Orbital blowout fracture before and after fixation - «B3pbiBHOW» nepenom opouTtbl A0 U
nocne dukcaumn.

Figure 16a

(a) Coronal unenhanced CT image demonstrates a left inferior orbital blowout fracture with
herniation of intraorbital fat and the inferior rectus muscle.

(a) KopoHanbHoe KT-nsobpaxeHne KT AeMOHCTpMpPYET «B3PbIBHOM» NEPENOM HWKHEN CTEHKN
nesow opbuTbl C NPONANCoOM BHYTPUOPOUTANBHOO XUpa U HUXKHEN NPAMON MbILLLbI.
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Figure 16b

(b) Coronal unenhanced CT image obtained after surgical fixation depicts metallic surgical
mesh placed along the inferior orbital wall fracture. The position and appearance of the left
inferior rectus muscle are normal.

(b) KopoHanbHbie KT-n3obpaxeHus, nony4yeHHble Nocne XMpypruyeckon goukcaumnm
MEeTanMnM4eCcKom XMpypruyeckon CETKOM YCTaHOBNEHHOW BAOMb NepenoMa HUXHEN CTEHKN
rnasHuubl. NMonoxeHne n BHELWHWIA BUA NEBast HWXKHAA NpsiMasi MblLlLa HopMaribHbIe.

Figure 16c¢

(c) Axial contrast-enhanced CT image obtained at follow-up shows dilatation and rimlike
enhancement of the left lacrimal duct (arrow), findings indicative of dacryocystitis secondary to
lacrimal duct obstruction, a complication of either fracture or surgical fixation.

(c) AKkcnanbHbI KOHTPACTHO ycuneHHoe KT-nsobpakeHune, NonyYeHHbIX Npu KOHTpone
OEMOHCTPUPYET pacLUMPEHHBIN KOHTPACTHO YCUITEHHOW KOSbLEBUAHbIN NEBbIN CNE3HbIN NPOTOK
(cTpenka), pesynbTaTbl CBUAETENLCTBYOT O BTOPUYHOM AaKpMoLMCTUTE n3-3a 06CTpyKUmMm
CNe3Horo KaHana, ocrnoxHeHve NGO nepenomMa unu XMpypruyeckomn ukcaumm.

Two other types of orbital wall fracture are the orbital roof fracture and the pediatric “trapdoor”
fracture. The orbital roof is the only part of the orbital wall that separates the anterior cranial
fossa from the intraorbital contents. A fracture through the orbital roof can result in a dural tear,
with resultant CSF leakage or brain herniation (Fig 17).

[Ba gpyrux Tvna nepenoMoB CTEHOK OpOUT: Nepenom KpbIn opbuTbianbHOM Nepernoma KpbiLim
W OeTcKoro npenoma no tuny “nioka” nepenom. «Kpbiwa» opbutbl —3TO TOMNbKO YacTb
opbuTanbHON CTEHKN, KOTOpasi OTAENsIET NEPEAHIO YEePENHYI0 SMKY OT MHppaopbuTansHoOro
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(intraorbital) cogepxnmoro. MNepenom Yepesa rmasHUYHbIE KKPbILLM» MOXET NPUBECTU K paspbiBy
TBEpPAON MO3roBol 060M04KN, C BOSHUKHOBEHNEM «yTEYEK» CMMHHOMO3IOBOM XXUAKOCTU UMK
MO3roBbIX rpbik (Puc. 17).

Figure 17 Orbital roof fracture. Coronal unenhanced CT image demonstrates mild inferior
displacement of a right orbital roof fracture with an adjacent extraconal hemorrhage.

PucyHok 17 MNMepenom kpbiwm opobutbl. KopoHanbHoe KT gemoHcTpupyeT cnaboe cmelleHne
BHM3 Nepenoma KpbIwun Nnpason opbuTbl C Npunexawimm 3KCTpakoHanbHbIM KpOBOU3NNAHMEM.
(OkcTpakoHanbHOE NPOCTPaAHCTBO - 06NacTb 3a NpeaenamMm MblLEeYHOro KoHyca)

The trapdoor fracture is an inferior orbital blowout fracture in which the inferior rectus muscle
herniates into the underlying maxillary sinus before the fractured fragment returns to its original
position, entrapping the muscle. This type of fracture typically occurs in children. On coronal
multidetector CT images, the inferior rectus muscle is seen inferior to the orbital floor, with or
without visualization of the fractured fragment of the inferior orbital wall.

«B3pbIBHONY» NeperioM HWKHeN CTEHKM opbUTbI NO TUMY «IIOKay, MPU KOTOPOM HUKHASA npsmas
MbILL@ NponabupyeT B HMXKenexallyo BepXHeYentoCTHY0 na3syxy, Npyu KOTOPOM CIIOMaHHbIN
(bparmMeHT BO3BpaLLaeTCca B UCXOAHOE NONOXeHWe, yLeMnsas Mbllubl. QTOT TUN neperioMma
00bI4YHO BO3HMKAET y AeTen. Ha kopoHanbHon MmynbTucnupansHon KT, HWKHAS npsamasa mblwua
BMOHEETCA HXe «rnorna» opbuTsl, ¢ unu 6e3 susyanusaummn pparmeHTa nepenom HmKHen
CTEHKM rMasHuLbl.
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[Teaching Point [The mandible is a U-shaped bone that is connected to the calvaria through the
temporomandibular joints, creating a ringlike structure (Eig 18). Because of this ringlike
configuration, a traumatic blow to the mandible typically produces at least two discrete fractures.

[Teaching Point |- 15151 yeniocTb npeacraenseT cobon U -ob6pasHyto KOCTb, KOTOpasi CoeguHAETCH
K Yyepeny Yyepes3 BUCOYHO-HMKHEYENIOCTHbIE CyCTaBbl, CO34aBas KOMbLEBUOHYIO CTPYKTYPY
(Puc. 18). M3-3a 3T0ro konbLEBUAHOW KOHUIypaLmm, TpaBMaTUYECKMIA yaap Nno YentocTu, Kak
npaBuo, NPoM3BOAAT NO KpanHen Mepe Ha ABa OTAEeNbHbIX Nepenoma.

Figure 18 Three-dimensional CT image with color overlays shows the parts of the mandible in
lateral orientation: the alveolar process (magenta), parasymphyseal region (blue), body (red),
angle (green), ramus (yellow), coronoid process (orange), and condyle (purple).

PucyHok 18 TpexmepHoe KT nsobpaxeHne LBETHbIMWN HaKNagkamu nokasaHbl YacTh HDKHEN
4YentocTn B BOKOBbLIX OPUEHTaLMSA: anbBeONAPHOro OTPOCTKa (MyprypHbIn), napacumdunsa
(parasymphyseal obnactn) (rony6bow), Teno (KkpacHbli), yron (3eneHbin), BeTBb (KenTbin),
BEHEYHbIN OTPOCTOK (OpaHXXeBbIN) U MblLLENOK ((ProneToBbIN).

The appearance of a single fracture of the mandible at imaging is likely the consequence of a
fracture-dislocation complex (similar to the Galeazzi and Monteggia fracture-dislocation
complexes of the forearm) with subsequent relocation of the temporomandibular joints before
imaging. Fractures of the mandible are characterized according to their location (Eig 19), the
degree of comminution, and the presence of displaced fragments.

Bo3HMKHOBEHME OQUHOYHOTO NepesioMa HUXKHEN YeNCTM Ha PEKOHCTPYKLNSX, CKOpee BCEro,
ABNSAETCS CNeacTBMEM CINOXHOIo nepenoma-ebismxa (aHanor Maneauyun (Galeazzi) n
nepenomo-BbIBUXOB npegnneyvbs Monteggia) ¢ nocneayrowmm caMoBrnpaBrieHNEM BUCOYHO-
HWKHEYENCTHLIX CyCTaBOB 40 Bu3yanusauun. NepenomMbl HUXKHEN YeNCcTy OTANYaTCa no
MeCTYy ux pacnonoxeHus (Puc. 19), cteneHbto oparmeHTauum, a Takke HanMINeEM CMeELLLEHHbIX
parmMeHTOoB.

Fractures involving the mandibular canal, which traverses the mandibular ramus, angle, and
body, may result in injury to the inferior alveolar nerve. Surgical techniques for the management
of mandibular fracture include external fixation (eg, maxillomandibular fixation) and/or open
reduction with internal fixation to restore dental occlusion and allow healing of the bone by
transferring the forces generated by mastication from the mandible to rigid titanium plates and

screws (Fig 20) (16,17).
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MepenomMbl BOBNEKAOLLME HDKHEYENOCTHON KaHarn, KOTOPbIA NPOXOAUT B HUXKHEYEOCTHOM
BETBW, YIMy 1 Tene, MOXeT NPUBECTU K TPaBMe HUXKHETO arnbBeONAPHOro HepBaa.
Xvpypruyeckme mMetoabl BeOeHNst NePENIOMOB HXKHEN YENOCTM BKITHOYAET BHELLHIO
dumkcaumo (Hanpumep, BepXHe-HMmKHeYentocTHyo, maxillomandibular) n/wnn oTkpbiTas
penosnumsa ¢ BHYTPEHHEN (UKcaLmen aAnst BOCCTaHOBMEHNST 3yOHOro
CMbIKaHUSA/OKKITIO3NU/NpuKyca n aaeT BO3MOXHOCTb 3aXKUBIEHUsI NyTEM nepeaaydn cun,
BO3HMKAIOLLMX NPU XEBAHUN OT HDKHEWN YENOCTU 00 XKECTKUX TUTAHOBbIX NNACTUH U BUHTOB
(Pvc. 20) (16,17).

Mandibular fractures. (Color keys correspond to the mandibular region with the same color in
Fig 18.) (a) Axial unenhanced CT image of the mandible depicts a nondisplaced left
parasymphyseal fracture (blue arrow) and mildly displaced fracture of the right mandibular body
(green arrow) with distraction of the mandibular canal.

Mepenombl HMXHeNn YentocTu. (LIBeT ykasatensi COOTBETCTBYIOT 0611aCT! HUXKHEN YENoCTy C
TakuMm xe uBeTom Ha puc. 18) (a) AkcnanbHoe KT-n3obpaxkeHne HKHEN YemntocTn oTobpaxkaeT
nepenom nesoro napacumdumaa (parasymphyseal) 6e3 cmeLLeHNst OTIIOMKOB (CUHASA CTpenka) u
nepenom Tena npaBowv YenCTu (3eneHas cTpernka) ¢ HebonbLWUM CMeLLeHNEM OTIIOMKOB C
ONCTPaKUMEN HUKHEYETTHOCTHOrO.

Figure 19a
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Figure 19b

(b) Axial unenhanced CT image demonstrates a fracture of the right alveolar process (magenta
arrow) with multiple missing teeth.

(b) AkcnanbHoe KT-nzobpaxenus KT geMoHCTpupyeT Nnepenom npaeoro anbBeOoSIAPHOro
OTPOCTKa (ManuHoBasi cTpesika) ¢ HECKONbKMMM OTCYTCTBYHOLMMM 3yGamu.

Mandibular fractures before and after internal fixation. (Color keys correspond to the
mandibular region with the same color in Fig 18.) (a) Axial unenhanced CT image of the
mandible demonstrates a displaced fracture of the right mandibular angle with distraction of the
mandibular canal (yellow arrow). (b, c) Axial (b) and three-dimensional (c) unenhanced CT
images of the mandible after internal fixation of the right posterior aspect of the upper
transverse mandibular buttress across the mandibular angle fracture (green arrow in c) and
maxillomandibular fixation shows reapproximation of the right mandibular body fracture
fragments and mandibular canal (yellow arrow in b).

MepenoMbl HAXKHEN YentCcTU A0 U nocne BHyTpeHHen cukcauun. (LiseT ykasatens
COOTBETCTBYIOT 00M1aCTu HWXHEN YerocTu C Taknm xe usetomM Ha puc. 18) (a) AkcnansHoe KT-
n3obpaxeHune, HXKHEN YentoCcTn AEMOHCTPUPYET Nepenom NpaBoro yria HUXKHEN YentocTn co
CMeLleHneM U ANCTPaKUMENn HUXKHEYENOCTHOIO KaHana (kentas ctpenka). (b, ¢) AkcuansbHoe
(b) u TpexmepHoe (¢) KT HKHen 4entocTn nocne BHYTpeHHeN domkcaumm npaBomn 3agHen
NMOBEPXHOCTU BEPXHErO NOMEPEYHOro HMXKHEYENCTHOIO KOHTPbopca Yepes nepenom yrna
HWXHEN YentoCcTn (3eneHas cTpernka B ¢) U BepxHeHmkKHeverntocTHon (maxillomandibular)
dmKkcaumm, nokasbiBaeT conoctaBneHne parMeHToB neperioma npaBoro Tera HUXHemn
YenNCTU N HXKHEYENOCTHOrO KaHana (kentasa crpenka B b).
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Figure 20c

Expected Complications of Fracture - Oxxupaemble OCNOXHEHUS NeperioMoB

Upper Transverse Maxillary Buttress Fractures — Nepenomsi BepxHero
BepXHeYernCcTHOro KoHdopca

Because the upper transverse maxillary buttress forms the orbital floor, fractures of this buttress
may cause various orbital complications, including inferior rectus muscle tears, globe rupture or
impingement, optic nerve injury, and orbital hematoma.

lMocKonNbKy BEPXHUI NOMNEPEYHLIN BEPXHEYENOCTHOM KOHTPdopC 0bpasyeT opbutanbHbIn
«Mon», Nepenombl 3TOro KOHopca MOryT CTaTb NPUYNHOM Pa3NNYHBLIX OPOBUTaNbHbLIX
OCMOXHEHUIN, BKIOYas pa3pbiB NPSIMOW MMa3HON MblLULbI, MOBPEXAEHNS UM CAABIEHNS
rnasHoro A6noka, TpaBMbl 3pUTENBHOIO HEPBA, 1 OpBUTaNbLHOM reMaToMbl.

[Teaching Point [ nerior orbital fissure syndrome is caused by extension of the fracture through
the superior orbital fissure, with resultant injury to cranial nerves I, IV, V1 (the ophthalmic
branch of the trigeminal nerve), and VI as they traverse the fissure into the orbit, thus causing
ophthalmoplegia or diplopia (extraocular muscle paralysis) and ptosis (paralysis of the levator
palpebrae superioris, which is supplied by cranial nerve Ill). Additional injury to the optic nerve
(cranial nerve Il) at the orbital apex results in orbital apex syndrome, with uniocular visual loss
added to the list of signs and symptoms. Orbital apex syndrome is a surgical emergency
because prompt intervention is necessary to prevent permanent blindness.

CuHOpPOM BEPXHEN MMasHUYHON LLenn 0byCnoBeH NPoXoXaeHnem nepernioma
Yepes BEPXHIOK MasHNYHYIO LWerb, B TpaBMon YepenHbix Hepsos lll, IV, Vi (rnasHuyHoM BeTBU
TPONHNYHOrO HepBa), 1 VI, Kak OHWM nonagatoT Yyepes Lwerb B opbuTy, Bbi3biBas Unm
ohTanbMOonernio unn gunnonuio (Napanuy rnasoasuraTenbHbIX MbILL) Y NTO3 (napanuy
neBaTopa BEpXHero Beka, KoTopbi MHHepBupyeTca Il UMT). lononHuTensHoe noBpexaeHue
3pUTENBHOrO HepBa (YepenHon Heps Il) B BepunHe opbuTbl NpK CUHOPOME BEPLUUHBI OpOUTHI, C
OLHOCTOPOHHEN noTepen 3peHnsa AobaBnaTCA B CIMCOK NPU3HAKOB U CMMNTOMOB. CMHOPOM
BEPLMHBbI OpOUTBI - 3TO XMpPypruyeckas HEOTIOXKHOE COCTOAHME M3-3a HEOHXOaUMOCTM
He3aMeanuTenbHOro BMeLaTenbCcTBa A48 NpeaoTBpaLLeHns Be4YHOM CnenoThl.
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Rupture of the globe due to traumatic rupture of the cornea, sclera, or full thickness of the eye
(sclera, choroid, and retina), which also may result in blindness, is depicted at CT as deformity
of the globe (“flat tire” sign);, however, a more subtle disruption of the globe might be identifiable
only at ophthalmologic examination.

MoBpexaeHne rnasHoro a6noka ns-3a TpaBMaTUYECKOro NMOBPEXAEHNS POroBuLbl, CKIepbl, Unn
MOSHYHO TOMLWMHY a3 (CKnepbl, COCyanuCcTon 06004KM N CETYATKM), UTO TaKKE MOXET
NpuMBECTU K crienoTe, 310 oTobpaxaeTtcsa Ha KT kak gedopmauus wapa (npusHak “crnyLieHHoro
Koneca”); ogHako, 6onee TOHKME HapyLUEHMs rMa3Horo sibfoka wapa MoryT 6biTb
NAEHTUPMUNPOBaHbI TONMBKO NPK 0PTaNbMONTOTMYECKOM OCMOTPE.

The inferior rectus muscle can herniate through a fracture defect, tear, be avulsed from the
globe, or be entrapped (Fig 15), leading to ophthalmoplegia and diplopia.

HwkHAS NnpsamMas MellwLa MoxeT nponabuposaTtb Yepes AedekT nepenomMa, paspbis, bbiTb
OTOpPBaHHOW OT rnasHoro a6noka unu EbITb ywemneHHown (puc. 15), 4To NpUBOAMT K
odpTansmonnerun n aAunnonuu.

[Teaching Point [A[though entrapment of the inferior rectus muscle is diagnosed on the basis of
clinical manifestations, herniation may be suggested by a rounded appearance of the normally
flattened ovoid muscle belly on cross-sectional images.

XOTFI yuwemrneHune HWXHEN I'IpFIMOI7I MbILLUbl ANarHOCTUpyeTCcd Ha OCHOBaHUA
KIMNHN4YeCKnX I'IpOFIBJ'IeHI/II7I, nponarnc MoXeTt ObITb npennosioXeH no okpyrrnomy suay B HOpme
I'IpI/II'IJ'II'OCHyTOIZ OBOVAHOW MbILULbI HA KPOCC-CEKLUMNOHHbIX |/|306pa>|<eHV|;|x.

Injury to the infraorbital nerve (cranial nerve V», a branch of the maxillary division of the
trigeminal nerve) as it traverses the orbital floor within the infraorbital nerve canal is a common
complication of orbital blowout fracture and type Il Le Fort fracture and can result in temporary
or permanent hypesthesia of the ipsilateral cheek and maxillary gingiva. Fractures involving the
lateral aspect of this buttress may cause trismus secondary to injury or impingement of the
temporalis muscle in the infratemporal fossa.

MoBpexaeHne nHdpaopbuTanbHOro (MOArNasHUYHOro) HepBa (YepenHon Heps Vs, BETBb
BEPXHEYENOCTHOro oTAeNa TPOMHMYHOrO HepBa), NepecekatoLLero «nony» opbuTel B KaHane
NOArNasHWYHOro HEPBA, ABMSETCA YaCcTbiM OCMOXHEHMEM OpOUTaNbHbIX «B3PbIBHbLIX»
nepenomos u |l Tuna nepenomos Jle ®op n MOXeT NPUBECTN K BPEMEHHOW NI MOCTOSIHHOM
rmnecTesnn nncunateparnbHOro LWeKkn 1 AeCHbl BepxHern YyentocTu. MNepenomsl BoBnekarowme
nareparnbHyt CTOPOHY 3TOro KOHTPGOPCa MOXET BbI3BaTb TPU3M, BTOPUYHbBIV K TPAaBME U
CAABMEHNIO BMCOYHOWN MbILLLbI B NOABUCOYHON SMKE.

Lower Transverse Maxillary Buttress Fractures —lepenombl HUXXHEro nonepeyHoro
BepXHEeYenCcTHOro KoHTpdopca

Potential complications of fractures involving the lower transverse maxillary buttress include
dental fracture (Fig 21), avulsion, and devitalization as well as malocclusion. Soft-tissue
infection due to oral flora invading damaged tissues adjacent to the fracture is another potential
complication; for this reason, alveolar process fractures are managed as open fractures, with
prophylactic antibiotic therapy.

lMoTeHuunanbHbIE OCNOXHEHWSI NEPENOMOB C MOBPEXOEHNEM HXKHEro NonepevyHoro
BEPXHEYENIOCTHOro KOHTphopca BkntovaeT nepenomsl 3y6os (Puc. 21), oTpbiB, 1 ymepTBNeHue
(oeBuTanusaums), a Takvke HapyLeHus npukyca. VIHpekunpoBaHne MArkMx TKaHew, 3a cyeT
pacnpoCcTpaHeHNs MUKPONopbl NONIOCTU pTa B NOBPEXAEHHbIE TKaHW, NpUneranwmx K
nepenomy, aBnseTcs ewe ogHUM NoTeHUMarnbHbIM OCNIOXHEHMUEM; NO 3TON NPUYUHE, Nepenombl
arnbBeOorPHOro OTPOCTKa BeAyTCs Kak OTKPbITble Nepenomsl, C NpodunakTuyeckom
aHTubnoTHMKoTEPanuen.
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Figure 21 Dental fracture as a complication of lower transverse maxillary buttress fracture.
Sagittal unenhanced CT image of the facial midline demonstrates a maxillary alveolar process
fracture that extends through the right medial maxillary incisor root (arrow).

PucyHok 21 Nepenom 3y6a Kak OCNOXHEHEe neperioma HWKHEro nonepeyHoro
BEPXHEYENCTHOro KoHTpdopca. CarntranbHoe KT-n3obpaxkeHms No CpeanHHON NNHUK Nvua
OEMOHCTPUPYET NepesioMm BEPXHEYESTOCTHOIO arnbBEONSPHOIrO OTPOCTKA, KOTOPbIA NPOXoanT
yepes KopeHb NPaBoro MeananbHOro BEPXHEYentoCTHOro pesua (cTperka).

Upper and Lower Transverse Mandibular Buttress Fractures — lNepenomMmbl BepxXHUX 1
HUXXHUX NoNepeYHbIX HUKHEYENCTHbIX KOHTPdopcoB

The complications of an upper transverse mandibular buttress fracture are similar to those of a
lower transverse maxillary buttress fracture, since both fracture patterns involve the alveolar
process. Most mandibular fractures extend through both the upper and the lower mandibular
buttresses. Fractures through the mandibular canal may damage the inferior alveolar nerve, a
branch of the mandibular division of the trigeminal nerve (cranial nerve Vs), where it traverses
the mandibular ramus, angle, and body from the mandibular foramen to the mental foramen (Eig
20a). Damage to the inferior alveolar nerve may result in anesthesia of the ipsilateral lower lip,
chin, anterior tongue, and mandibular teeth.

OcCnoXHeHMa NepenoMoB BEPXHEr0 NONEPEYHOro HUKHEYENKCTHOIO KOHTPdopca aHanormyHbI
nepenoMam HUXHEro nonepevyHoro BepxXHeYentoCcTHOM KOHTpdopca, NOCKONbKy oba nepenoma
BOBJIEKAIOT arbBEONSAPHbIA OTPOCTOK. BOMbLIMHCTBO NEPENIOMOB HUXHEN YentoCTN NPOXOAAT
yepes BEPXHUN U HKHUIA HWDKHEYENOCTHbIE (MaHaAnbynsipHble) KOHTpdopckl. [epenomsl
Yyepes HUKHEYErTOCTHOW KaHarn MOryT NPUBECTU K MOBPEXOEHUIO HXKHErO anbBeoNsapHOro
HepBa, BETBU HKHEYENOCTHOro oTaena TpPOMHUYHOIo HepBa (YepenHomn HepB V3), rae OH
NPOXOANT B BETBMU, YINY U TENEe HWXKHEN YentocTn Yepes maHanbynsapHoe oTBepCcTme K
nopbopoaoyHomy otBepcTuio (Puc. 20A). MNMoepexaeHne HUXHEro anbBEeONAPHOro HepBa
MOXET NPMBECTU K aHECTE3NN OAHOMMEHHON (MncunaTepanbHON) HMXHeN rybbl, nogbdopoaka,
nepeaHen A3blka U HWKHEN YeroCTU.
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Medial Maxillary Buttress Fractures — lNepenomMmbl MeaansHOro BepxHe4entoCcTHOro
KoHdopca

The medial maxillary buttress encompasses the lateral walls of the ethmoid sinuses, medial
walls of the orbits, and medial walls of the maxillary sinuses, which are in close proximity to a
multitude of vulnerable structures, including the intraorbital contents, frontal recess,
sphenoethmoid recess, ostiomeatal complex, lacrimal duct and sac, and medial canthal tendon.
The radiologist’s detection of complications such as sinus drainage obstruction, orbital
complications, medial canthal tendon injury, epistaxis secondary to injury to the anterior or
posterior ethmoid arteries, CSF rhinorrhea, and lacrimal duct and sac injury allows appropriate
surgical planning and management. Extension of medial maxillary buttress fractures through the
cribriform plate (Fig 22) can cause a tear in the underlying dura, allowing CSF leakage into the
paranasal sinuses and nasal cavity.

MeauanbHbIi BEpXHEYENOCTHOM KOHTPAOPC BKNtoYaeT B cebsi naTeparnbHble CTEHKN
peLleTyaTbIX KNeTokK (nasyx), MeananbHOW CTEHKM opbuT, MeananbHON CTEHKN
BEPXHEYEeNtoCTHON Na3yxu, KOTopble HAaX0O4ATCH B HENOCPEACTBEHHOW BM30CTU K MHOXECTBY
He3alUMLLEHHbIX (YA3BUMbIX) CTPYKTYP, BKINOYasa BHyTpuopmnbTansHoe cogepxmmoe, nobHbIv
KapMaH (HWXHAs YacTb NOBGHOM nasdyxu), KNnHo-peLleTHaTbin (sphenoethmoid) kapmaH
(HebonbLUOe NPOCTPAHCTBO MEXAY KINMHOBUAHON KOCTU Y BEPXHEN HOCOBOW PakOBUHOW, B
KOTOpPOE KIMMHOBWOHOW Nna3yxu OTKpbIBAETCS), OCTUOMeaTarnbHbIv (ostiomeatal) komnnekc,
Cne3HbIN NPOTOK N MELLOYEK, U MeananbHOe KaHTarbHOe Cyxoxunuve (cBs3ka). BeisisneHune
PaAMooroM TakMx OCMOXHEHMWIN, KaK HENPOXOAUMOCTb ApeHaxa nasyx, UHTpaopbuTanbHble
OCMNOXHEHUS, NOBpeXaeHns MeanansHoro canthal cyxoxunus, HoOCoOBOe KpoBOTeYEHMe,
BTOPUYHOIO K MOBPEXAEHUIO NepeaHen Unv 3agHen pelletyaTbiX apTepun, puHopen NMKeopa,
NOBPEXAEHNSI CME3HbIOr0 NPOTOKa M MeLLoYKa NO3BONSeT uenecoobpasHo onpeaenntb
XUpypruyeckoe nnaHMpoBaHve U BegeHue naumeHTa. PacnpoctpaHeHme nepenomoB
MeanarnbHbIX BEPXHEYEMOCTHBIX KOHTPOPCOB Yepe3 NpoabIpSABNEHHYO nnacTury (Puc. 22)
MOXET Bbl3BaTb pa3pbiB 6a3anbHOM TBEPAON MO3roBOM 060M0YKM, MPUBOOSALLEN K yTEUKE
nuKBoOpa (NIMKBOPEN) B OKONTOHOCOBbIE Na3dyxu U NofocTb Hoca.

Fracture extension to the paranasal sinuses may create a communication that allows bacteria to
spread into the normally sterile environment of the anterior cranial fossa, with resultant infection
(eg, meningitis, epidural abscess, cerebral abscess). Obstruction of the frontal recess by bone
fragments (Fig 23a) may result in frontal sinus mucocele formation, an indication for surgical
cranialization of the frontal sinus. Injury to the lacrimal duct and/or sac may cause
dacryocystitis, which must be surgically corrected (Fig 23b). Medial canthal tendon injury, a
frequent complication of NOE complex fractures, results in telecanthus and must be surgically
repaired (Fig 24). Uniocular blindness may be caused by a number of orbital complications,
including optic nerve injury (Eig 24), globe rupture, and orbital apex syndrome.

Mepernom, pacnpocTpaHsLWUNCA Ha OKONTOHOCOBLIE Na3yxu, MOXET CO34aTb COOBLLEHMS,
KOTOpble NO3BONsET BakTepusam pacnpoCcTpaHATLCH B, 0ObIMHO CTepUnbHbIe, Cpeabl NnepeaHen
YepernHown MKW, B pesyrnbTaTe Yero BO3HUKaeT MHpULMpOBaHWe (Hanpumep, MEHUHIUT,
anungypanbeHbIn abeuecc, abeuecc ronoBHoro mosra). O6eTpykumna nobHoro kapmaHa (frontal
recess) OCKOMKOM KocTu (Puc. 23a) MmoxeT npuBecTn K 06pasoBaHmnio MykoLiene nobHon
nasyxu, 4To ABfseTCcsa nokasaHueM Ansa XMpypruyeckon kpaHnanusaumm (cranialization) nobHown
nasyxu. lNoBpexaeHns cnesHbIX NPOTOKOB M/UIM MeLLUKa MOXET Bbl3BaTb JAKPUOLMCTUT,
KOTOpble AO0MKHbI ObITb UCNPaBeHbl Xupypruyeckum nytem (Puc. 23b). MNMoepexaeHne
MeOunarnbHOro KaHTanbHOW CBA3KM ABNAOTCH YacTbIM OCNOXHEHUEM CNOXHbIX nepenomos NOE
KOMMeKca, NPosIBNATCA TENEKaHTYCoOM, U JOIMKHbI 6bITb NpoonepupoBaHbl (Puc. 24).
OpaHocTopoHHAA (YHUNokynapHas-Uniocular) cnenota MoXeT 6bITb Bbl3BaHa MHOXECTBOM
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opbuTanbHbIX OCITIOXHEHWIA, B TOM YMCrie TpaBMon 3putenbHoro Hepea (Puc. 24), paspbiBa
rnasHoro A6soka, U CMHAPOM BEPLUMHBLI OPOUTLI.

Figure 22 CSF leakage as a complication of medial maxillary buttress fracture. Coronal
unenhanced CT image of the face depicts a comminuted fracture through the cribriform plate
(arrow), a condition that may lead to CSF rhinorrhea. Fractures of the bilateral orbital roofs,
which could cause dural tears, also are seen.

PucyHok 22 YTeuka nukBopa (NMKBOPEST) Kak OCITOXXHEHME Nepenioma MeamnanbHoro
BEPXHEYENtOCTHOro KoOHTpdopca. KopoHanbHble 6eckoHTpacTHbIM KT-n306paxkeHnst nuueBbIX
KosiTen oTobpaxaeT ocKonbyaTtbi Nepesniom, B TOM Ynicne 4vepes NPOoAbIPABAEHHYHO NNACTUHY
pelueTyaTon KOCTK (CTperku), ycrnoBnue, KOTOPoe MOXeT NPUBECTU K PUHOPEN NUKBOPA.
[ByCTOpOHHME nepenombl opouTanbHbIX «KpbiL», MOFYT MPUBECTU pa3pbiBy TBEPSION MO3rOBON
00BNOYKN, YTO TaKKe BUOHO
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Sinus obstruction as a complication of fracture of the nasolacrimal canal (medial maxillary
buttress fracture).

O6CTpyKLMS Nadyxm Kak OCINOXKHEHWE NepesioMa HOCOCIE3HOro kaHana (nepenomMm meguanbHoro
BEPXHEYESIHOCTHOM KOHTpdopca).

Figure 23a

(a) Coronal unenhanced CT image demonstrates a blowout fracture of the left medial orbital
wall with fracture fragments obstructing the left frontal recess (arrowhead), a condition that
could lead to mucocele formation, which is not present in this case.

(a) KopoHanbHble 6eckoHTpacTHoe KT-n3obpaxkeHne AeMOHCTPUPYET «B3PbIBHOW» NEpPeriom
MeaunanbHOM CTEHKN NeBon opbuTtbl, NEpenom ¢ 0OCKosikaMu, NepekpbiBadLyne neBbin NOOHbIN
KapMaH (HaKOHEYHMK), COCTOSIHNE, KOTOPOE MOXET NPUBECTM K 06pa3oBaHMIO MyKoLene,
KOTOPOW He MpUCYTCTBYET B JAHHOM Cryyae.

Figure 23b

(b) Axial unenhanced CT image at the level of the maxillary sinuses shows a minimally
displaced fracture through the nasolacrimal canal (arrow), which could lead to disruption of the
nasolacrimal duct.
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(b) AkcnanbHble KT-n3obpaeHnsi Ha ypoBHE raiMopOoBbIX Na3yX NokasbiBaeT Nneperiom ¢
MUHUMaIbHbIM CMELLIEHNEM, NPOXOAALLMI Yepe3 HOCOCHE3HbIN KaHan (CTperka), 4TO MoXeT
NMPUBECTU K NOBPEXAEHMNIO HOCOCMNE3HOro KaHana.

Figure 24 Telecanthus and optic nerve injury as complications of medial maxillary buttress
fracture. Axial unenhanced CT image demonstrates a comminuted fracture of the NOE complex
with telecanthus and involvement of the bilateral lacrimal fossae (arrows), findings indicative of
a type Il fracture of the NOE complex with medial canthal tendon avulsion. A fragment of the
fractured right medial orbital wall impinges on the right optic nerve (arrowhead).

PucyHok 24 TenekaHTyc (Telecanthus) n noBpexaeHne 3pnTenbHOro HepBa Kak OCIOXHEHMS
nepenomMma mMegmanbHOro BEpxXHeYentocTHOro koHTpdopca. AkcnanoHoe KT-n3obpaxxeHuk
OeMOHCTpupyeT ockonbyatbiv nepenom NOE koMnnekca ¢ TernekaHUTyCoM 1 YBOBIieYeHneM
OunartepanbHbIX Crie3HbIX AMOK (CTperku), ykasbiBatoT Ha nposieneHue |l Tun nepenoma K
NOE omnnekca ¢ oTpbIBOM MeAunarbHbIX KaHTalnbHbIX CBA30K. PparMeHT neperioma
MegunanbHOW CTEHKM NPaBOu yLLEMSEeT NpaBblil 3pUTENbHbIN HEPB (CTPenka).

Lateral Maxillary Buttress Fractures

Orbital complications such as globe injury (Fig 25a), extraocular muscle injury (Eig 25b), optic
nerve injury, and orbital hematoma may occur when fractures involve the lateral orbital wall.
Fractures through the lateral maxillary buttress also may extend to the superior orbital fissure
(Eig 26) or orbital apex, potentially leading to superior orbital fissure syndrome or orbital apex
syndrome, respectively. The lateral canthal ligament may be injured at the site of its attachment
to the lateral orbital wall.

OpbutanbHble OCNOXHEHUS, TaKNe Kak NoBpeXaeHus rnasHoro abnoka (Puc. 25a),
9KCTPaoKynsapHbIX Mbiwy, (Puc. 256), 3puTenbHOro Hepea, 1 opbutanbHas rematoMma MoXeT
BO3HUKaTb Npu Nepenomax BOBreKalLmMxX natepanbHy CTEHKY rnasHuupl. [lepenomsl yepes
narteparbHbI BEPXHEYENIOCTHON KOHTPMOPC Takke MOXET pacnpoCTPaHATLCS HAa BEPXHIOK
rnasHuYHyto wenb (Puc. 26) nnu BepLumHy opbutbl, YTO MOXET NPUBECTU COOTBETCTBEHHO K
CYHAPOMY BEPXHEWN MMasHUYHOW LWenu UM CUHAPOM BepLUMHbI opbuThl. JlaTepanbHas
KaHTanbHas cBsA3ka MOXeT ObITb MOBpexaeHa B MecTe ee NpuKpenseHns K nateparnbHomn
CTEHKe rnasHuubl.

Lateral rectus muscle avulsion and globe injury as complications of lateral maxillary buttress
fracture.
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OprIB naTepaanon I'IpFIMOVI MbILWUbI U MOBpeXaeHne rnaBHoro ssbnoka MUpe TpaBMbl Kak
OCIoXXHeHne neperioMma nartepajibHOro BepxHe4yeritoCTHOro KOHTpC*)OpCG.

Figure 25a

(a) Axial unenhanced CT image depicts an angulated left lateral orbital wall fracture with a
fragment impinging on the left globe (arrow).

(a) Ha akcmanbHom KT-n3obpaxeHne otobpaxeH nepenom natepanbHOW CTEHKU NEBbIN
opbuThbl, C oparMeHoM, UMMPErHUPYIOLLMM (NOBPEXAAILLMM) rna3Hoe A6roKko (CTpenka).

Figure 25b

(b) Axial unenhanced CT image shows discontinuity in the right lateral rectus muscle (arrow), a
finding indicative of a full-thickness tear.

(b) AkcnanbHoe KT-n3obpaxeHne AeMOHCTPUPYET paspbiB B NPaBOW natepanbHON NpsiMoi
MbIWLbI rnasa (cTpenka). Haxoaka cBuaetensCcTByeT O NOSIHOM paspbiBe.
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Figure 26 Involvement of the superior orbital fissure in a lateral maxillary buttress fracture. Axial
unenhanced CT image demonstrates a mildly comminuted and displaced fracture of the left
lateral orbital wall with extension to the superior orbital fissure (arrow). This finding, when
combined with palsy of cranial nerves Ill, IV, V1, and VI, is indicative of superior orbital fissure
syndrome.

PucyHok 26 BoBneueHne BepxHen NasHWYHOW ey B NeperioMm narepansHoro
BEPXHEYENCTHOro koHTpdopca. AkcnanoHoe KT-n3obpaxxeHne 4EMOHCTPMPYET, OCKONbYaThIN
nepenom natepanbHOW CTEHKM NieBON OpOuTbI pacnpoCTpaHEHNEM Ha BEPXHIOKD MMa3HUYHYIO
Wwenb (cTpenka). AToT hakT, B coMeTaHMU ¢ napannyom YepenHoix Hepsos I, 1V, Vi n VI
CBUAETENbCTBYET O CUHAPOME BEPXHEWN IMa3HUYHON LLEenun.

Posterior Maxillary and Posterior Mandibular Buttress Fractures — lNepenombl 3agHero
BepPXHeYesNIloCTHOro U 3aAHero HUXXKHe4YerntCTHOro KOHTpcopcoB

Involvement of the pterygomaxillary junction (part of the posterior maxillary buttress) is the
common element in all Le Fort fractures. Extension of a posterior maxillary buttress fracture
posteriorly into the sphenoid bone may result in carotid artery injury, carotid-cavernous fistula,
or both; extension of the fracture into the skull base may affect other foramina, such as the
foramen ovale, in which cranial nerve Vs is located (Fig 27).

BosneuyeHune KpblnoBepxHeYentoCcTHOro (pterygomaxillary) coeguHeHus (4actm 3agHero
BEPXHEYENIOCTHION KOHTPGOPCa - CaMbll pacCnpOCTPaHEHHbIN aneMeHT BO Beex Jle dop
roneperioMoB. PacwmnpeHve nepenoma 3agHero BepxHeyestoCTHOW KOHTpdopca Hasa B
KIMMHOBUAHYHO KOCTb MOXET NPUBECTU K MOBPEXOEHNIO COHHOM apTepun, 0bpa3oBaHunio
KapoTnOHO-KaBEPHO3HOMO CBULLA, UIM COYETaHUS 3TOro; pacnpocTpaHeHue nepenomMa Ha
OCHOBaHWe Yyeperna MOXeT NOBMMATb Ha ApYyrue OTBEPCTUS, Takme Kak O OBanibHOE OKHO, B
KOTOPOM NPOXOAAT YepenHble HepBbl Vi (Puc. 27).
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Figure 27 Complication of a posterior maxillary buttress fracture. Axial unenhanced CT image
depicts comminuted fractures of the right anterior and posterior maxillary sinus walls and
zygomatic arch. Extension of the fracture through the right foramen ovale (arrow) is suggestive
of possible injury to the indwelling cranial nerve V-.

PucyHok 27 OcnoxHeHue nepenoma 3afHero BepxXHe4erntoCTHOro KoHTpdopca. AkcnansHoe
KT-n3obpaxeHuns otobpaxaeT ockonbyaTtble NeperioMbl NEPeaHEN N 3agHEN CTEHOK NpaBow
BepXHeYentoCTHOM Nasyxu 1 cKynoBon Aayru. PacnpoctpaHeHue nepernioma Ha rnpasoe
oBanbHOEe 0TBEPCTUE (CTperka) CBMAETENbCTBYET O BO3MOXHOW TpaBMe BHYTpUIexallero
(HWXXHEYENCTHOrO) YepenHoro Hepea Vs.

A posterior mandibular buttress fracture, especially when associated with a displaced fracture of
the condylar process or dislocation of the temporomandibular joint, can cause malocclusion and
trismus.

Mepenom 3agHero HMXXHEeYEntCTHOrO KOHTpdopca, 0COGEHHO eCNN OHU CoYeTaroTCs C
nepenomMoM MbILLENKOBOrO OTPOCTKA HWXKHEN YanioCTh UMK BbIBUX B BUCOYHO-
HWXXHEYENCTHOM CycTaBe, MOXET NPMBECTU HEMPAaBUITbHOMY NPUKYCY U TPU3MY.

Summary - Pe3rome

Accurate classification of facial fractures and identification of related complications by the
radiologist permit prompt surgical management and an improved clinical outcome of these
common traumatic injuries. This article reviews the pertinent facial anatomy with emphasis on
the facial buttress system and on multidetector CT imaging features of common facial fracture
patterns. Surgical management of fractures and their associated complications is reviewed
according to the specific facial buttress involved.

TouyHasn knaccudukaums nepenomMmoB NULEBBLIX KOCTEN U BbisIBIEHNE CBA3AHHbIX C HUMW
OCNOXHEHUI Pagnonorom, NokasaHnsa K CPOYHOMY XUPYPruyecKoMy NIeYEHUIO 1 yny4dlleHne
KITMHNYECKUX NCXOO0B 3TUX pacrnpOCTPaHEHHbIX TpaBMaTUYeCKnx nosBpexageHuin. [laHHas
cTaTbs paccMaTpuBaeT COOTBETCTBYHOLLYIO aHAaTOMUIO NMLia C akUeHTOM Ha KOHTPAopCh! Nnua,
0coBeHHOCTU 1 0bLLMe 3aKOHOMEPHOCTN NEPENIOMOB NLEBBIX KOCTEN Ha MynbTucpe3oBomn KT.
Xupypruyeckoe nedeHne nepenomMoB U X OCNOXHEHUS nepecMaTpuBaeTcd B 3aBUCUMOCTU OT
BOBJI€YEHNA KOHKPETHbIX NIMLEBLIX KOHTPAOPCOB.
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