RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

CJIVUAM U3 ITPAKTUKN

THE EFFECTIVENESS OF ORBITAL VOLUMES CALCULATIONS AFTER TRAUMATIC
INJURIES BASED ON CT DATA

Davydov D.V.1, Serova N.S.2, Pavlova O.Yu.2

o present a case of a 56 y.o. male with maxillo-facial trauma after falling from
heights and the possibility to choice the treatment tactics based on CT volume
calculation.

Material and methods. Patient N., 56 years old, came to the clinic 3 days after
the injury — a fall from heights. During the examination in the clinic, the patient did not
have visual impairments and difficulties in eye movement. We performed MSCT of the
maxillofacial region, which revealed radiological signs of fractures of the lower and lateral
walls of the right orbit. In order to determine further treatment tactics for this patient (sur-
gical treatment or conservative therapy), the authors performed additional processing of
MSCT data in order to obtain clarifying diagnostic information.

Results. The authors performed the calculation of orbital volumes and confirmed the
possible minimal risk of post-traumatic complications such as enophthalmos and hy-
pophthalmos. It was decided to treat the patient conservatively. The long-term follow-up
MSCT study confirmed the correct management of a patient with orbital trauma in terms
of restoration of the right orbit walls with minimal volumetric change.

Conclusion. This case highlights the advantage of using new techniques of CT data
processing in daily practice.

Keywords: MSCT, CT data postprocessing, enophthalmos, orbital volume.
Corresponding author: Pavlova O.Yu., email: dr.olgapavlova@gmail.com

For citation: Davydov D.V., Serova N.S., Pavlova O.Yu. The effectiveness of orbital vol-
umes calculations after traumatic injuries based on CT data. REJR 2021; 11(1):206-212.
DOI:10.21569/2222-7415-2021-11-1-206-212.

Received: 28.12.20 Accepted: 11.03.21

OPPEKTUBHOCTb U3MEPEHWIA OBBEMOB OPBUT NMPU TPABMATUYECKUX
NOBPEXAEHUAX CPEAHENA 30HbI AULLA NO AAHHBIM
KOMMNbIOTEPHON TOMOTPA®UU

AaBblaos A.B.1, Ceposa H.C.2, lNMasaosa O.HO .2

PEeaCTaBUTL KAMHHYECKOE HaOAIO[EeHHE MallueHTa 56 AeT, IOAYYHBIIETO TPABMY
IocAe TIaZeHUs C BBICOTHI, ¥ OIPEAEAUTH BO3MOXKHOCTH BBIOOpA TAKTHKH Aede-
HU4 namueHTa Ha ocHoBe KT-pacuéToB 00BbEMOB OpOUT.
Matepuasnsr u meronsl. I[lamuent H., 56 aetr, obpaTracsa B KAMHHKY 4epe3 3 CyTOK
IIOCAE TPaBMBbI — ITA€HUs C BBICOTHI. [Ipn o0caemoBaHuM B KAMHUKE Y ITAlleHTa He HabAro-
JAAOCh HApYIIEHWH 3peHHsS W 3aTPyAHEHUS ABHKEHHS rAa3Horo sibaoka. Hamm Oblaa BBI-
noaHeHa MCKT gearocTHO-AMIIEBOM 00AaCTH, HA KOTOPOH OBIAM BBITBACHBI PEHTTEHOAOTHYE-
CKHe IIPHU3HAaKH [IePEeAOMOB HHKHeH M Hapy>KHOM CTEHOK IpaBod opbuThl. C IleAblo OIIpe-
JeAeHUd OasbHeHIed TaKTUKH A€YEHHsd STOro MallHeHTa (ollepaTHUBHOE A€YeHHE HAHW KOH-
cepBaTUBHAas Tepalusd) aBTOpaMH Oblaa BBITIOAHEHA OIIOAHHTEABHAd 00paboTKa MaHHBIX
MCKT c 1eAbio IIOAYYEHUS YTOYHSIOMEH JUATHOCTUYEeCKOH HH(OPMAaIlIH.
PeaynbraTrel. ABTOPEI BBIIIOAHHAH pacdeT OpOUTAABHBIX OOBEMOB U IIOATBEPAVAU
BO3MOXKHBIY MHHHMAABHBIA DPHCK IIOCTTPABMATHYECKHUX OCAOXKHEHHH, TaKHX KaK 2HOD-
TAABM U THIIO(PTaABM. BBIAO IPHHATO perreHue IIPOBECTH KOHCEPBATHBHOE A€UYEHUE IIary-
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eura. Bemmoanenre MCKT mccaemoBaHusS B OTOAACHHOM IepHoAe HAOAIOAEHUS TOATBEPIUAO
BEPHYIO TAKTUKY BEIEHHUM MAIIMEHTA C TPAaBMOM OpOUTHI B BOIIPOCE BOCCTAHOBACHHS CTEHOK

IpaBoOil OPOUTEI C €€ MUHUMAABHBEIM OOBEMHBIM U3MEHEHUEM.
Breieoasl. [JaHHBIH KAWHHYECKUH cAy4Yall HNOMYEPKUBAET IPEUMYIIECTBO HCIIOAB30-
BaHUdA HOBBIX METOMIOB OOpPabOTKH MHAHHBIX KOMIIBIOTEPHOM ToMoTrpaduu B IIOBCEIHEBHOM

KAUHHUYECKOM IIPAKTHKE.
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Nowadays the problem of orbital trauma is

still relevant worldwide [1, 2, 4]. Levels of

domestic violence during the COVID-19

pandemic increased globally, in some cases,
leading to maxilla-facial trauma [3]. Since orbital
trauma frequently results in persistent aesthetic
and functional impairment, the correct diagnosis
is essential for precise preoperative planning [2, 4,

Fig. 1 (Puc. 1)

Fig. 1. Photo.

View of the patient N. 48 hours after the trauma (the
agreement of the patient and the ethics committee for
the photo was obtained).

Puc.1. <%oTo.

Buemnuit Bua manueHnta H. gepe3 48 wacoB mocae
TPaBMBbI (Coraacue ITaleHTa ¥ 3THUYEeCKOr0 KOMHTETa
Ha POTOrpaUIo ITIOAYIEHEI).
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6]. At the same time current diagnostics must be
as objective as possible in order to avoid unneces-
sary surgical treatment and possible postoperative
complications [2, 4, 6].

MSCT is a well-known standard for orbital
trauma visualization [2, 4]. However, there is still
a possibility of subjective assessment and misin-
terpretation of CT data with a “naked eye”. There-
fore, it is critically important to use new tech-
niques of CT data processing in daily practice to
be able to get precise information about patient’s
condition.

Case presentation.

Patient N, male, 56 years old, was presented
to the maxilla-facial hospital of Sechenov Univer-
sity after falling from the roof of the two-storey
building. The patient had complaints of face swell-
ing and hematomas on the right side of the face.
During the clinical examination, changed facial
configuration and increased right paraorbital 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 region (Fig. 1). He
had no visual or orbital movement impairment.

The patient underwent skull CT which re-
vealed fractures of the right zigomatico-orbital
complex including inferior orbital wall (Fig. 2).

Patient’s condition was consulted with 3
maxillo-facial surgeons about further treatment
tactic. One of them was planning to operate on
him using inferior orbital wall prosthetic and me-
tallic osteosyntesis in the midface, the other two
surgeons were unsure about the necessity of sur-
gical treatment and recommended dynamic follow-
up.

In order to get additional diagnostic infor-
mation and objectify the assessment of CT data,
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Fig.2a (Puc.2a)

Fig. 2 b (Puc. 2 6)

Fig. 2. MSCT, bone window.

Puc. 2. MCKT, peXXum KOCTHOW NAOTHOCTH.

HOK IIPaBOH OPOUTEI.

a — coronal view, b — axial view. Coronal computed tomography image in early posttraumatic period, fracture in the
inferior orbital wall on the left, as well lateral orbital wall and maxillary sinus wall.

a — KOpOHaAbHad ITPOCKIIUAI, 0 — akcHaAbHAas IIPOEKIIUA. BHSyaAI/ISI/IpyIOTCH IIEPEAOMBI HUXKHEN U AaTepaABHOfI CTe-

we performed measurements of orbital volumes.
For measurement of orbital volumes the bone
borders of the orbits were marked on every axial
slice using an “ellipse” toll on the workstation.
Measurement results (in ml) of healthy and trau-
matized orbits were compared.

It is known that if the difference between
volumes of injured and healthy orbits exceeds 2
ml, the globe can be displaced inferiorly by 1 mm,
and therefore the risk of posttraumatic enoph-
thalmos increases.

The difference between the volumes of in-
jured and healthy orbits in the Patient N. was 0,4
ml, which is less than the critical point and sug-
gested minimal risk of developing posttraumatic
enophthalmos (Fig. 3).

Considering clinical presentation, absence of
visual and functional impairment and results of
CT including orbital volumes measurement, it was
decided to treat patient symptomatically with fol-
low-up.

As a part of a dynamic control CT of the
midface was performed 2 years after the injury.
The obtained images showed restoration of the
right zygomatico-orbital complex with a small de-
formation of the inferior orbital wall (Fig. 4, 5).

Measurement of orbital volumes was per-
formed as well in order to objectively estimate the
changes. The difference between the affected and
normal orbits in the late posttraumatic period was
0,67 ml which was still less than critical level (Fig.
0).

Considering the absence of any complaints
within 2 years, satisfactory clinical condition, res-
toration of midface bone structures and absence
of changes in orbital volumes, the choice of treat-
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ment tactic was acknowledge as successful.

Discussion.

Within the constant technical development,
today we emphases on CT images processing in
order to obtain objective diagnostic information.
The use of these techniques allows doctors to
choose the tactics of patient management, to plan
the surgery, which will improve the efficiency and
quality of treatment and rehabilitation of patients
with orbital trauma [4-6, 8-10].

Orbital volume measurements are highly
heterogeneous [6, 10]. The data obtained in recent
studies are more reliable due to more accurate
measurement and imaging techniques than in
previous decades. Attempts to accurately measure
the volumes of orbits have been made for a long
time, but the research results still have not yet
found wide application in clinical practice.

Among the wide range of orbital injury com-
plications, two typical significant sequelae are
enophthalmos and hypoglobus, based on post-
traumatic orbital volume expansion [2, 4, 7, 9-11].
Critical values for surgical reconstruction of the
orbit are considered to be the difference in posi-
tion between the two eyeballs equal to 2 mm or
more as measured in the anteroposterior plane by
Hertel exophthalmometry [6-9].

Many studies show that the most reliable
results of orbital volume measurements are ob-
tained using CT [5-9]. However, despite the tech-
nological progress, it is still difficult to identify pa-
tients at risk of developing enophthalmos with or-
bital trauma, since edema and hematoma of the
orbital soft tissues can hide enophthalmos up to 3
mm [10-13].

Many published studies in recent years have
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Fig. 3 a (Puc. 3 a)

Fig. 3 b (Puc. 3 6)

Fig. 3. MSCIT, orbital volumes calculations.

Coronal computed tomography image (a) and 3D model (b) in early posttraumatic period after calculating and

highlighting the orbital volumes.

Puc.3. MCKT, pacyeT o6LEMOB OpOUT.

HN300paxkeHus B KOPOHAABHOM MAOCKOCTH (a) B 3D-Moaeas (0) B paHHEM IIOCTTPaBMAaTHYECKOM IIEPUOIE ITOCAE PAC-

YeTa U BBIAEACHHUA 00BEMOB 0p6HT.

Fig. 4 (Puc. 4)

Fig. 4. Photo.

View of the patient N. two years after the trauma (the
agreement of the patient and the ethics committee for
the photo was obtained).

Puc. 4. <%PoTo.

Bremnuii Bun maimyeHTa H. depe3 aBa roma mocae
TPaBMBbI (COrAacHe ITallleHTa ¥ 3THUYECKOr0 KOMHTETa
Ha POoTOrpaUIo IIOAYIEHEI).

shown that an increase in orbital volume is direct-
ly correlated with the development and severity of
enophthalmos [13, 14].

Large sample studies are needed to validate
accurate mathematical measurements to prevent
early enophthalmos greater than 2 mm, which re-
quires surgical reconstruction of the orbital walls.
To date and according to the results of published
works, surgical reconstruction of the orbits should
be indicated when the orbital wall defect is more
than 2 cm2, and when the orbital volume increas-
es by more than 1.62 cm3 or more than 10-15%
[14, 16].

Many authors note that 3D assessment of
the volume of the prolapsing component, in addi-
tion to 2D assessment of the orbital wall defect,
may be necessary to determine the tactics of pa-
tient management and ensure an adequate surgi-
cal result [9-13, 15]. An analysis of the volume
calculations showed that an increase in orbital
volume of more than 5% can be considered suffi-
cient for the appearance of clinically significant
enophthalmos [10, 16].

Authors agree that the linear and volumetric
characteristics of the bony orbit and its apex are
useful in determining the tactics of patient man-
agement and assessing the volume of surgical in-
tervention [14, 15]. This orbital volume measure-
ment can be performed on every CT workstation
with usual tools without any additional software
indicating the reproducibility of the procedure.

Wagner M. et al in 2016 in their study
showed that manual volume measurements as
well as atlas-based and model-based methods can
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Fig. 5a (Puc.5a)

Fig. 5 b (Puc. 5 6)

Fig. 5. MSCT, bone window.

a — coronal view, b — axial view. Coronal computed tomography image in late posttraumatic period, restoration of
the left inferior and lateral orbital walls and maxillary sinus walls with slight deformations.

Puc.5. MCKT, peXum KOCTHOM NAOTHOCTM.

a — KOpOHaABbHad IIPOEKINs, 6 — akcHaabHasa Ipoekmuda. OTMedaeTcs BOCCTAHOBACHHE A€BOM HMXKHeH M GOKOBOH

CTEHOK IIPaBOM OPOUTHI C HEOOABIIION AedpopMalireti.

Fig. 6 a (Puc. é a)

Fig. 6 b (Puc. 6 6)

Fig. 6. MSCT, orbital volumes calculations.

Coronal computed tomography image (a) and 3D model (b) in late posttraumatic period after calculating and high-

lighting the orbital volumes.

Puc. 6. MCKT, pacyeT o6bEéMOB Op6GMUT.

H306pakeHnsa B KOPOHAABHOM MAOCKOCTH (a) 1 3D-MmozmeAs (0) B mO34HEM IIOCTTPABMATUYECKOM IIEPHOIE IOCAE pac-

JeTa U BBIOEACHHS 00HEMOB OPOUT.

accurately measure orbital volume [16, 17]. Alt-
hough automatic methods seem to be more userf-
riendly and less time-consuming, that manual
volume measurements needed much less correc-
tions and adjustments that is why it was used in
our case.

In the presented clinical example we are
showing the necessity of using CT data processing
in challenging patients. This technique allows to
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get objective diagnostic information and to help
the clinicians to choose the treatment tactics.
Since the patients did not have any of screening
criteria for detecting severe ocular injuries [17]
and low risk of posttraumatic enophthalmos the
surgery was not indicated which resulted in satis-
factory outcome confirmed by follow-up CT.
Conclusion. This case highlights the ad-
vantage of using new techniques of CT data pro-
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cessing in daily practice. As the result the addi-
tional diagnostic information about orbital vol-
umes can be acquired in order to identify the risk
of postoperative enophthalmos and allow clini-
cians to choose correct treatment tactics.

The authors do not have any proprietary in-
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