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OPUTUHAIJIBHAA CTATHA

ORBITAL VOLUME ASSESSMENT ACCORDING TO MSCT DATA IN PATIENTS WITH
MIDFACE TRAUMA

Paviova O. Yu.!, Serova N.S.!, Davydov D.V.2, Peric B.3

urpose. To acquire additional diagnostic information in patients with orbital trau- 1 - Sechenov University.
ma in order to identify the risk of postoperative enophthalmos. To evaluate the ad- 2 - Peoples Friendship
vantages of MSCT data postprocessing and volume orbital measurement. University of Russia.
Materials and methods. A total of 71 patients (100%) with midface trauma were Moscow, Russia.
studied in Sechenov University using pre- and postoperative volume 640-slice CT. Post pro- 3 - Falu Lasarett.
cessing of MSCT data included workstation special software, where the bone borders of the Falun, Sweden.
orbits before and after surgical treatment were marked on every slice and presented in
mathematical units (ml).
Results. Preoperative MSCT revealed increased orbital volume in 64 patients (90%)
due to severe midface trauma, the difference between traumatized and normal orbit was
from 2 ml to 14 ml, these patients required surgical treatment. The other 7 patients (10%)
had mild midface trauma, the difference between orbital volumes was less than 2 ml, these
patients didn’t undergo surgical treatment.
After the operation in 55 patients (77%) the orbital volume was reconstructed - the differ-
ence between orbital volumes was not more than 2 ml. In 9 cases (13%) orbital volume dif-
ference was more than 2 ml which means that these patients still had risk of postoperative
enophthalmos and required additional diagnostic control and potential surgical correction.
Conclusion. Postprocessing of the MSCT data gave the possibility to calculate pre-
and postoperative orbital volume changes and present it in mathematical units (ml) in 3D
mode. As the result the additional information can be acquired in order to identify the risk
of postoperative enophthalmos.
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METOAMUKA OLLEHKU OBbEMOB OPBUT MO AAHHbIM MCKT Y NALUEHTOB C
TPABMOW CPEAHEN 30HbI AMLLA

Masaosa O.KO.1, Ceposa H.C.!, AasblaoB A.B.2, Mepmy b.3

€Ab HccAeZOoBaHHsA. PazpaboTaTh METOAUKY U3MEPEHUs OOBEMOB OPOUT Y MAIlU- ] - CeyeHoBCKuMi
€HTOB C TPaBMOM CpefHEel 30HBI AHIlA Ha [I0- U IIOCACONEPAIIMOHHOM 3TaNaX A€-  YHHBEpCHTET.
yeHusT Ha ocHoBe AaHHBIX MCKT. N3y4uTh BO3MOKHOCTU HU3MEPEHUS OOBEMOB 2 - Poccuiickuii
OPOHUTEI C IIEABIO ITOAYYEHHS MOTIOAHUTEABHOH MUATHOCTHYECKONH WHMOPMAIIUH  yhuBepcHTET APYKOBI
[AS OLIEHKU PUCKA Pa3BUTHA dHOMTaAbMA. HApOJIOB.
MaTepuaasl H MeToabl. B KanHNKe Ce4eHOBCKOr0 YHUBEpPCUTETA ObIA 06CAEOBAH 1. Mocksa, Poccus.
71 namment (100%) c TpaBMoil opbuThl. Ha m0- U mocaeornepailuoHHOM 3Tanax o0caemoBa- 3 - Pany Aasaper.
HUg BceM nammeHtTaMm (n=71, 100%) Oblra BBIIOAHEHA MYABTHCIIMPaAbHasd KOMIIBIOTEPHAS . Panyn, IBerys.
ToMorpacusa Ha annapate Toshiba Aquilion One 640, c ToammHOM cpe3a 0,5 MM, B KOCT-
HOM U MATKOTKAHHOM pexXuMax. [Iasd uaMepeHud o0bEMOB opbuThl oOpaborka MCKT man-
HBIX IIPOBOJHAACH Ha pabodeil craHiuu Vitrea M BKAOYasa B cebsd MapKUPOBKY KOCTHBIX

www.rejr.ru | REJR. 2018; 8 (1):29-39 DOI:10.21569/2222-7415-2018-8-1-29-39 Crpanuma 29



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

TpaHHI] IIPAaBOH U A€BOH OPOUTHI A0 U IIOCA€ XHUPYPIUUECKOr'o A€YEeHUS Ha KaxKIOM aKCH-
aABHOM Cpe3e C IMPEeACTaBACHUEM 00BEMOB OPOUT B MA.

PesyabTaThl. O6paborka MCKT naHHBIX Ha OPEOONEPAIIMOHHOM JTarle IIoKazasa

yBeAndeHHe 00BEMa TPaBMHPOBAHHON opbUTHI v 64 maimeHTOB (90%), pazandus oObEMOB
3I0POBOH U TPaBMHPOBAHHOM OpOUT cocTaBUAM OT 2 MA A0 14 Ma. [laHHOM TpyIIle marueH-
TOB OBIAO IIPOBEAEHO PEKOHCTPYKTUBHOE XUPyprudeckoe AedeHue. Y 7 mamueHTOB (10%) ¢
TpaBMaMH CpeIHEH 30HBI AWIIA AETKOM CTEMEHH TSIXKECTH Pa3AHudYHus B 00bEMax OpOUTHI HeE
IIPEBBINIAAO 2 MA, UTO IBASETCS IIOAOKUTEABHBIM IIPOTHOCTHYECKHM (DAaKTOPOM, AaHHBIE I1a-
IIUEHTHI IIOAYYaAH KOHCEPBATHUBHOE A€UYEHUE.
[Tocae XUPYPTHYECKOTO A€YEHUS y S5 manumeHToB (77%) o0bEM TpaBMUPOBAHHON OpPOUTHI
BOCCTAHOBHACS, pasHHUIIa 00BEMOB 30POBOH M TPAaBMUPOBAHHON OpOUT cocTaBHAa MeHee 2
MA. B 9 cayuaax (13%) pasHHIla 00BEMOB 340POBOM W TPaBMHPOBAHHOM OpPOUT COCTaBUAA
boaee 2 MA, UTO gBAGETCH HEOAAQTOIPUATHBIM ITPOTHOCTHYECKUM (PAKTOPOM M TOBOPHUT O CO-
XPAHTIOIIEMCS PHUCKE Pa3BUTHS YHO(PTasbMa. Y MAIMEeHTOB MAHHOH TPyNIbl HEOOXOIMMO
IIPOBEEHUE TOTIOAHUTEABHOTO AUATHOCTHYECKOTO 00CA€IOBaHMWA B paHHEM M IIO3HEM II0-
CA€OIIePallOHHOM II€PUOAaX.

BeiBoabIl. PazpaboranHas meromuka obpaborku MCKT maHHBIX maeT BO3MOXKHOCTH
OoIpeneAdTh U3MeHeHHs 00bEMOB 3I0POBOH U TPaBMHPOBAHHOM OpOUT Ha 0- U IIOCAEoIIepa-
IIMOHHBIX dTAallax AeYeHHd. B pe3yabTaTe METOAMKA OIIEHKH O0OBEMOB OPOUT MaéT BO3MOIK-
HOCTB IIOAYYEHHS OOIIOAHHUTEABLHOH AMArHOCTHYECKON MH(OpPMAaIlUU OAd OLEHKH PHCKa pas-

BUTHUS SHOPTAABMA.
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owadays the problem of midface and or-

bital trauma retains its high relevance

and significance as it is constantly rec-

orded growing rates of facial trauma [1,
4,6, 7,8, 11, 13, 14, 17, 22, 24]. Orbital trauma
often results in persistent both aesthetic and
functional impairment including complete or par-
tial vision loss, different injury of oculomotor
muscles system, deformation of paranasal sinuses
and airways [1-5, 11, 15, 18, 23]. One of the most
typical and important clinical features is a multi-
ply injury which includes bone and soft tissues
and brain trauma. Besides, both type and charac-
ter of the trauma have become more severe and
complicated and could lead to patients’ disability
[1-4, 9, 12, 19, 25]. According to the WHO data,
incidence of orbital trauma is increasing world
widely every year due to the urban growth, devel-
oping  mechanization and various substance
abuse Males of the working age are the most ex-
posed group with average disability rate about
23,5% [1, 2, 4, 6, 8, 10, 16, 20].
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Therefore the role of proper pre- and postop-
erative diagnostics using multislice computed to-
mography (MSCT) in such injuries is very im-
portant and can hardly be overestimated [3, 4, 5,
6, 7, 10, 21].

However, it is not enough to only perform
correct and well-timed diagnostic modality to es-
tablish the fact of orbital trauma. Nowadays top-
priority aim in diagnostic procedures in patients
with orbital trauma is development of special
postprocessing of the MSCT data to acquire addi-
tional diagnostic information in order to establish
the effective patient’s management [3, 4, 20-25].

Purpose.

To acquire additional diagnostic information
in patients with orbital trauma in order to identify
the risk of postoperative enophthalmos. To evalu-
ate the advantages of MSCT data postprocessing
and volume orbital measurement.

Material and methods.

A total of 71 patients (100%) with midface
trauma were studied in Sechenov University using
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pre- and postoperative volume 640-slice CT
(Toshiba Aquilion One 640).

Scanning parameters: area of interest — faci-
al skeleton, scanning mode — volume, slice thick-
ness — 0,5 mm, field of view — 16 sm, voltage — 100
kV, current intensity — 60 mA, time of scanning —
1-2 sec, reconstruction type — bone. A patient is
lying on the back during the study, the patient's
head is fixed on the headrest.

For measurement of orbital volumes post
processing of MSCT data included workstation
special software, where the bone borders of the
orbits before and after surgical treatment were
marked on every slice and presented in mathe-
matical units (ml).

According to the developed method of orbital
volumes calculating, a patent was obtained RU
(11) 2 638 623 (13) C1, 14.12.2017 Bul. Ne 35.

The method of orbital volume’s measure-
ment:

1. Definition of the bone orbital bor-
ders, where the marking will take place, were per-
formed. The necessity for the correct study im-
plementation is the symmetry of the bone borders
for both orbits. To determine the external marking
border, it is necessary to draw a line through the
entire length of the orbit and to build perpendicu-
lar to its length, performed for both orbits at once
(Fig. 1).

2. On every axial slice the orbital bone
borders were marked from the superior orbital
wall to the level of orbital floor (Fig. 2). For the
measurements accuracy, it is necessary to strictly
observe the bone borders and take into account
the anatomical variations of orbital walls, as well
as the areas of damage orbital walls.

3. After the orbital volume measure-
ment acquired results compared before and after
the reconstructive surgery (Fig. 3).

Results.

Preoperative MSCT revealed increased or-
bital volume in 64 patients (90%) due to severe
midface trauma, the difference between trauma-
tized and normal orbit was from 2 ml to 14 ml.

These patients required surgical treatment,
because it is believed that with a difference in or-
bital volumes more than 2 ml, globe displacement
increases by 1 mm and, as a result, the risk of
enophthalmos increases, which is a reliable prog-
nostic factor and can be used for planning and
evaluation of the surgical treatment effectiveness.
The other 7 patients (10%) had mild midface
trauma, the difference between orbital volumes
was less than 2 ml, which is a positive prognostic
factor, these patients didn’t undergo surgical
treatment.

After the operation in 55 patients (77%) the
orbital volume was reconstructed - the difference
between orbital volumes was not more than 2 ml.
In 9 cases (13%) orbital volume difference was
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more than 2 ml which means that these patients
still had risk of postoperative enophthalmos. The-
se patients require additional diagnostic control
and potential surgical correction with performance
of control MSCT for dynamic in the early and late
postoperative periods.

Clinical case.

A male patient, 59 y.o., was admitted to
the Sechenov University within 48 hours after face
trauma (fall from height, 2nd floor).

During the clinical examination, changed
facial configuration and increased right paraor-
bital area due to soft tissue edema was deter-
mined, as well as skin abrasions, hematomas in
the upper and lower eyelids, narrowing of the
right ocular gap, numbness of the infraorbital re-
gion. Vision or globe movement impairment was
not revealed.

MSCT was performed using Toshiba Aqg-
uilion One 640 scanner, volume mode, slice
thickness 0,5 mm, bone and soft tissue recon-
struction. For postprocessing of MSCT data work-
station «Vitrea» was used.

MSCT revealed fracture of the right orbital
floor and lateral wall, anterior and lateral maxil-
lary sinus walls and fractures of zygomatic arch,
there was no herniation of orbital content into the
maxillary sinus (Fig. 4). The fracture localized in
the lateral and central area of orbital floor.

According to the MSCT “raw” data, it was
not possible to estimate the change in the right
orbit volume for comparison with the contralateral
side. For this purpose, a special technique was
used to process CT images, calculate the volumes
of both orbits and present them in ml for a de-
tailed assessment of orbital post-traumatic chang-
es.

For the postprocessing of MSCT data defi-
nition of the bone orbital borders, where the
marking will take place, were performed. The ne-
cessity for the correct study implementation is the
symmetry of the bone borders for both orbits. To
determine the external marking border, it is nec-
essary to draw a line through the entire length of
the orbit and to build perpendicular to its length,
performed for both orbits at once. On every axial
slice the orbital bone borders were marked from
the superior orbital wall to the level of orbital
floor. For the measurements accuracy, it is neces-
sary to strictly observe the bone borders and take
into account the anatomical variations of orbital
walls, as well as the areas of damage orbital walls

The difference between the affected and
normal orbits according to the orbital volume as-
sessment was 0,4 ml (Fig. 5). According to the lit-
erature data it is believed that with a difference in
orbital volumes more than 2 ml, globe displace-
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Puc. 1 a (Fig. 1 a)

Puc. 1 6 (Fig. 1 B)

Fig. 1. MSCT, midface, bone window, axial reconstruction (A, B).

Definition of external orbital borders.

Puc. 1. MCKT, cpeAHss 30HA AULLA, KOCTHbIM PEXWUM, OKCUAAbHAS PEKOHCTPYKUMS (A, b).

Onpe/:(eAeHHe HapPYy>KHBIX I'PaHHUI] oouT.

Puc. 2 a (Fig. 2 a)

Puc. 2 6 (Fig. 2 B)

Fig. 2. MSCT, midface, bone window, axial (A) and 3D (B) reconstruction.
Orbital bone borders were marked on every axial slice.

Puc. 2. MCKT, cpeAHss 30HA AULLA, KOCTHbIM PEXWUM, aKCuaAbHas (A) u 3D pekoHcTpykuuu (B).

MapKHupoBKa KOCTHBIX FPAHUI] OPOUTEI.

ment increases by 1 mm and, as a result, the risk
of enophthalmos increases, which is a reliable
prognostic factor and can be used for planning
and evaluation of the surgical treatment effective-
ness. Thus, in this patient the risk of developing
post-traumatic enophthalmos is minimal. Consid-
ering the absence of visual impairment and orbital
bony and soft tissues complications, this patient
underwent conservative therapy and diagnostic
control in the post-traumatic period.

As part of a dynamic control, MSCT was
performed 2 years after the injury. The obtained
images showed restoration of the right orbit bone
walls, as well as restoration of the right maxillary
sinus walls and zygomatic arch, while the defor-
mation of the lateral sinus wall was revealed (Fig.

| wwwe.rejr.ru | REJR. 2018; 8 (1):29-39

DOI:10.21569/2222-7415-2018-8-1-29-39

6). There was no herniation of orbital content into
the maxillary sinus.

According to the MSCT “raw” data, it was

not possible to estimate the change in the right
orbit volume for comparison with the contralateral
side in late posttraumatic period. For this pur-
pose, a special technique was used to process CT
images, calculate the volumes of both orbits and
present them in ml for a detailed assessment of
orbital post-traumatic changes (Fig. 7).
The difference between the affected and normal
orbits in the late posttraumatic period was 0,67
ml which was a good prognostic factor and
showed minimal risk of posttraumatic enophthal-
mos development.

Conclusion.
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Region Volume (ml) Mean HU -
3 Leftorbit 26.60 -205+116.0
mm Right orbit 27.83 -185+115.7

Region Volume (ml) Mean HU D

| mm Leftorbit 26.60 -20.5+116.0
| = Right orbit 27.83 -185+ 1157

Total 54.43

Puc. 3 a (Fig. 3 a)

Puc. 3 6 (Fig. 3 B)

Puc. 3 B (Fig. 3 c)

Puc. 3 r (Fig. 3 d)

Fig. 3. MSCT, midface, bone window, 3D (A), axial (B, C) and coronal (D) reconstruction.

Comparison of orbital volumes.

Puc. 3. MCKT, cpeAHsis 30HA AULLA, KOCTHbIM peXuMm, 3D pekoHcTpykuua (A), akcuaabHas (b, B) u kopo-

HaAbHas () peKoHCTPYKLUMMU.

CpaBHeHHE 3HaUYeHU 00HEMOB 00EUX OPOUT.
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Puc. 4 B (Fig. 4 ¢) Puc. 4 r (Fig. 4 d)

Fig. 4. MSCT, midface, bone window, coronal (a), axial (b, c) and sagittal (d) reconstruction.

MSCT revealed fracture of the right orbital floor and lateral wall, anterior and lateral maxillary sinus walls
and fractures of zygomatic arch, there was no herniation of orbital content into the maxillary sinus.

Puc. 4. MCKT, cpeAHss 30HQ AMLO, KOCTHbIM PEXUM, KOPOHAAbHAS (a), akcuaAabHas (6, B) M caruTTaAbHas
(r) pPEKOHCTPYKLMUU.

TpaBMaTH4YeCKHE MOBPEXAECHUS AHUIIEBOIO CKEAETa CIIpaBa: IIEPEAOM AATE€PaAbHOM M HHXKHEH CTEHOK IIpa-
BOH OPOHTHI, IIEPEAOM AATEPAABHOH M IIepefHEH CTEHKH IIPAaBOr0 BEPXHEYEAIOCTHOTO CHHyca B 00AACTH
CKYAO-BEPXHEYEAIOCTHOIO IIIBA U ABOMHOM IIEPEAOM IIPABOH CKYAOBOM AYTH.
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CT v
Head HeadFace_Bone (Adult) 3 ./ Head HeadFacf
H

Head 0.6 H60s

Vitrea®
00om:301%
W/L:2000/500
Sagittal

Puc. 5 a (Fig. 5 a) Puc. 5 6 (Fig. 5 B)

Region Volume (ml) MeanHU < _ .
[ Leftorbitnorma  26.34 57+117.6
m Right orbit trauma 26.74 2.7+121.0

7<

Puc. 5 8 (Fig. 5 ¢) Puc. 5r (Fig. 5d)

Fig. 5. MSCT, midface, bone window.

Orbital volume assessment according to MSCT data in a patient within 48 hours after trauma using
workstation. The difference between the affected and normal orbits according to the orbital volume as-
sessment was 0,4 ml.

Puc. 5. MCKIT, cpeAHss 30HO AUMLLA, KOCTHbIM peXuMm. U3smepeHne o6bLEMOB OpBUT NOCAe TPABMbl HO
pa6oyen CTaHLMM.

[Mpu momacyeTe OOBEMOB TOBPEXRIAEHHOM M 3M0POBOM OPOHUT y MAHHOIO IIAIIMEHTAa Pa3HHIIa 00HEMOB B
TedeHue 48 yacoB IIocAe TpaBMEBI cocTaBuaa 0,4 MA.
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FE5

2o
e

p

Puc. 6 a (Fig. é a) Puc. 6 6 (Fig. 6 B)

Puc. é B (Fig. 6 c) Puc. 6 r (Fig. 6 d)

Fig. 6. MSCT, midface, bone window, coronal (a), axial (b, c) and sagittal (d) reconstruction.

MSCT was performed in late posttraumatic period. There was reconstruction of orbital bony walls,
maxillary sinus walls and zygomatic arch, as well as deformation of lateral maxillary sinus wall. There
was no herniation of orbital content into the maxillary sinus.

Puc. 6. MCKT, cpeAHss 30HA AULLA, KOCTHbIM PEXUM, KOPOHAABHAS (a), akcuaabHas (6, B) M CArMTTAAb-
Has (r) PEKOHCTPYKLUM.

Ha moay4deHHBIX H300pazKeHHIX OTMEeYaeTCsl BOCCTAHOBACHHE KOCTHBIX CTEHOK IIPaBOM OPOUTEHI, a TaKKe
BOCCTAHOBAEHHE CTEHOK IIPABOr0 BEPXHEYEAOCTHOIO CHHyCa M CKYAOBOH AYTH, IIPHU 3TOM BH3yaAHU3UDPY-
eTcs medopMaliis AaTepasbHOM CTEHKH CHHyca. IIporabupoBaHmHs MATKHX TKaHEH IIpaBod OpPOHUTHI B
BEPXHEYEAIOCTHOMN CHHYC HE OIIPENEASIETCH.
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Vitrea®
Zoom:349%
WI/L:2000/500
Oblique

Puc. 7 6 (Fig. 7 B)

Region Volume (ml)
= Leftorbitdynamic 26.81 -1.8+146.4
= right orbit dynamic 27.48 53+161.9
' Total . :

Puc. 7 B (Fig. 7 ¢) Puc. 7 r (Fig. 7 d)

Fig. 7. MSCIT, midface, bone window.

Orbital volume assessment according to MSCT data in a patient within 48 hours after trauma using
workstation. The difference between the affected and normal orbits in the late posttraumatic period
was 0,67 ml.

Puc. 7. MCKT, cpeAHss 30HO AUMLLA, KOCTHbIM peXxum. U3mepeHne o6bEMOB OpOUT NOCAe TPABMbI HA
pa6oyen CTaHLMM.

H3mepeHne o0BEMOB opOHT Hepe3 2 roxa IIOCA€ TPaBMbI. B mo3gHEM IOCTTPaBMATHYECKOM IIEPHOMIE
pa3HHuIla 00BEMOB TPABMUPOBAHHON U 3IOPOBOI CTOPOHEI cocTaBuAa 0,67 Ma.
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The development of special postprocessing
of the MSCT data gave the possibility to calculate
pre-and postoperative orbital volume changes and
present it in mathematical units (ml) in 3D mode.
This method allows prediction of globe prolapse
which is one of the most severe posttraumatic
complication and often results in persistent func-
tional impairment of visual apparatus. As the re-
sult the additional information can be acquired
about condition of bony orbital structures in order
to identify the risk of postoperative enophthalmos.
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