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Abstract

Purpose. To determine the clinical and X-ray features of
combat orbital trauma with post-traumatic loss of the eye.
Particularly, special consideration was given to the type and
location of injuries of the bones of the orbit and adjacent
structures, change in the bony orbital volume, and status of
periorbital soft-tissue structures.

Material and Methods. We retrospectively reviewed medi-
cal records of 52 patients (69 affected orbits) aged 22 to 69
years who underwent treatment for orbital wounds at the
Department of Maxillofacial Surgery, Bogomolets National
Medical University, in 2022-2026. A commercial software
package [Mimics Innovation Suite (Materialise NV, Leuven,
Belgium)] was used to develop models of the affected and
unaffected orbits and calculate the volumes of these orbits.
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Orbital fractures were classified into five categories accord-
ing to Jaquiery.

Results. Orbital fractures of Jaquiéry categories IV and
V were most common among study patients. The mean vol-
ume of the traumatized orbit was 33.57 cm?® [median, 32.1
cm3; interquartile range, 29.5-36.4 cm’]. Of the 69 affected
orbits, 36 (52.2%) had isolated orbital wall defects. Of the
52 patients, 16 (30.8%) had isolated lower-lid defects, and
26 (50.0%) had combined eyelid deformities, which consti-
tuted the majority of periorbital soft-tissue injuries. The eye
was removed by evisceration due to severe eye trauma in 38
(73.1%) of the 52 patients.

Conclusion: Combat wounds of the orbit vary widely in
the nature and extent of the traumatic process, from isolated
orbital wall fractures and eyelid defects and deformities, to
massive complex wounds with multifragmented fractures, de-
fects in bony structures and soft tissues, and extensive soft-
tissue damage and cicatrization. The bony orbital volume
of the affected orbits tended to change depending on the in-
volvement of adjacent structures and the type of the fracture.

Keywords: maxillofacial trauma, gunshot injuries, orbital
fracture, eyelid injuries, anophthalmia, CAD/CAM, combat
trauma, soft-tissue injuries.

Pesome

Mema. Komniexcre 6ueuenHsa KIHIYHUX MA PEHM2EeHOI0-
2IYHUX ocobrusocmetl 6010801 mpasmu opoimu, Wo cynpoeo-
021cy8anacs NOCMmpasMamuyHo Mmpamoio O4Ho20 AOIYKA,
WIIAAXOM AHATI3Y XapaKmepy ma J0Kani3ayii KiCmKoeux yuKo-
0oicerb OpOimu i CYMINCHUX AHAMOMIYHUX CIMPYKMYD, OYiH-
KU 3MiH 00 €My Kicmkogoi opOimu, cmamny M’ SKOMKAHUHHUX
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CMpYKmMyp nepuopoimanvroi OiNaHKU.

Mamepian ma memoou. Hamu 6yno npoananizoéarno 0ami
MeOuuHoi OoxkymeHmayii ma xomn romepHoi momocpagii
(KT) 52 nayienmis (69 op6im) sikom 6i0 22 do 66 pokie, ki
ompumany NOPAHeHHs OYHUYi Ma NPoxXoOUnU NiKy8aHHs HA
KAiHyHUX 6azax xapedpu werenno-nuyesoi xipypeii HMY
imeni O. O. Boeomonvys. 3a 0onomozorw npocpamuozo ce-
peoosuwga Mimics Innovation Suite (Materialise NV, Leuven,
Belgium) cmeopeno moodeni mpasmosanoi ma iHmaxkmHoi op-
6im ma npoeedeno obuucienns ix 0o ’emy. Oyinka nepenomie
CmIHOK opbimu npogodunacs 3a kiacugikayiero Jaquiéry.

Pesynomamu. YV nayicumie i3 601106010 mpasmor opoi-
mu 6yno i03HayeHo npesantosants oegpexmis IV i V knacie
3a kaacugixayicio Jaquiéry. B docnidscysanii epyni cepeo-
Hitl 06 'em mpasmosanoi opbimu ckaas 33,57 cm’. Mediana
06’emy mpasmosarnoi opoimu cmarnosuna 32.1 cm?® (IQR:
29.5-36.4 cm?) Cepeo nepenomis 6invuticms nayicHmie maau
i30106aHi NOWKOOMCen st opoimu, axi ckaanu 52,2% 6i0
3azanvHoi Kinbkocmi mpaemosanux opoim. VY 30,8% (n=16)
nopamenux 6y10 0iaeHOCMOBAHO OepeKkmu HUICHbOI NOGIKU

Introduction

Despite the widespread use of personal protective
equipment (protective helmets and ballistic spectacles/
goggles) in modern warfare, severe orbital trauma is still
common and accounts for a significant share of combat
head and neck wounds [1, 2, 3]. Civilian casualties of mis-
sile, projectile and first personal view (FPV)-drone strikes
and blasts also account for some share of total war-related
casualties with head and neck injuries [4]. This wound
type not infrequently results in an irreversible injury to the
eye leading to eye loss. Eyelid defects and deformities and
functional abnormalities associated with ocular adnexal le-
sions pose a particular problem [5]. Consequently, patients
with these types of trauma experience a sharp decrease in
the quality of life caused by functional and cosmetic ab-
normalities and develop significant psychic-and-emotional
disorders [6].

The incidence of wartime eye injuries increased from
2.0-2.5% during World Wars I and II [7] to 5-9% during
the Vietnam War [8] and 13% during operations Iraqi Free-
dom and Enduring Freedom. Acute visual or eye loss as-
sociated with orbital wall fractures has been reported at
0.8% [9, 10] to 1.1% [11].

The orbit is a unique anatomical structure whose pa-
rameters depend on the sex, age and facial skeleton de-
velopment [12]. Damage to the orbital bones causes an
increase in orbital volume, resulting in soft tissue displace-
ment inside the socket. Additionally, anatomical changes
of the anophthalmic socket over time and scarring after
a high-energy trauma can cause atrophy of orbital tissues
and result in the post-enucleation socket syndrome (PESS)
[13]. Damage to the orbital bones, concomitant with a
post-traumatic atrophic process, significantly worsens the
prognosis of effective ocular prosthesis.

iy 50,0% (n=26) noeonani deopmayii nosix, wo cmaro-
BUNO OLILUUICIb CePed NOUKOONCEHb M SIKUX MKAHUH nepu-
opoimanvHoi OinanKU. 32i0H0 3 HAWUMU CROCTNEDENCEHHAMU,
73,1% (n=38) nayicnmis 6yno nposedeno egicyepayiro 3 npu-
600y MAINCKO20 NOPAHEHHS OUHO20 AONYKA.

Bucnoeku. Bidsnauacmvca wupoxuil cnekmp 60tiogux
nopanenb OUHUYI 3a Xapaxmepom i NOWUPEeHicmio mpaema-
MUYHO20 npoyecy: i0 i301bOBAHUX YPANCEHb CMIHOK OpOimu
ma nogik 00 MACUBHUX CKIAOHUX NOpAHeHb, WO CYNpoeo-
QoHCyIombCsi 6a2amoyiamKkosuUMy nepeilomamu, oegekmamu
KiCmMKOBUX CIPYKMYp Ma M AKUX MKAHUH, SHAYHUMU YULKO-
OJICEHHAMU M SKUX MKAHUH 3 NOOANLUWUM DYOYIOBAHHSIM.
Biosnaueno menoenyito 00 3minu Kicmrkogozo 06’emy ouHOL
SMKU 8 3A1eHCHOCI IO 3AYUEHHST CYMINCHUX AHAMOMIYHUX
CMPYKmyp ma muny nepeiomy.

Knrouosi cnosa: wenenno-nuyesi mpaemu, 602HenanbHi
NOPAHeHH s, Nepeiom opoimu, YUWKOONCEHHs. NOBIK, AHOQ-
manom, CAD/CAM, 6oiioea mpaema, YWKOONCEHH M AKUX
MKAHUH.

The available literature, however, is scarce on studies
analyzing the features of combat-related orbital and peri-
orbital trauma and the effect of a high-energy trauma on
the change in the orbital volume and the status of the ocu-
lar adnexa.

The purpose of this study was to determine the clinical
and X-ray features of combat-related orbital and perior-
bital wounds with loss of the eye. Particularly, special con-
sideration was given to the magnitude of post-traumatic
anatomical changes specific for this type of injury, the
change in the orbital volume depending on the type of in-
jury, involvement of adjacent structures and status of the
adjacent soft tissues.

Material and Methods

We retrospectively reviewed medical records of pa-
tients who underwent treatment for posttraumatic orbital
wall defects concomitant with anophthalmia at the Depart-
ment of Maxillofacial Surgery, Bogomolets National Med-
ical University, in 2022-2026. Of 65 medical records, 52
were selected for the analysis based on the inclusion and
exclusion criteria. Inclusion criteria were the presence of
combat-related periorbital and orbital wounds, eye socket
wall defects accompanied by loss of the eye, presence of
computed tomography (CT) images and sufficient clini-
cal information in the medical records. Exclusion criteria
were age below 18 years, patients with intact orbital bony
walls, and written patient’s withdrawal of consent for per-
sonal and medical information to be used in research.

This study was based on the retrospective analysis of
paper medical records and electronic medical records reg-
istered in the Doctor Eleks Ehealth (Eleks Lviv, Ukraine)
and MIC Health24 (Zdorovya 24, Kyiv) systems.
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Microsoft Access software (Microsoft Corp., Red-
mond, WA) was used for data collection and processing.
Medical histories were reviewed, analysis of root causes
of orbital defects and eye loss was conducted, and clini-
cal examination results and local status (the presence of
periorbital and orbital contour defects and deformities and
eyelid status) were assessed. CT images were reviewed to
assess the type of bone structure defect, orbital bone vol-
umes for the affected and intact orbits and their difference,
and defect location.

Orbital bone volume was determined based on CT data.
For this purpose, Digital Images and Communication in
Medicine (DICOM) files were imported into commercial
software package [Mimics Innovation Suite (Materialise
NV, Leuven, Belgium)] for segmentation to distinguish the
bones from soft tissues by defining a range of Hounsfeld
Units that corresponds to bone density. Thereafter, 3-D
models of the facial skull and face were obtained. After
artefacts were removed and the models developed were
edited using Boolean logic, the software tissues within the
orbital space were removed semiautomatically, the mod-
els of the affected and unaffected orbits were developed,
and the volumes of these models were determined in cm3.
With this done, the difference between the volumes was
calculated.

Axial, coronal and sagittal CT data were analyzed
in detail, and multiplanar image reconstruction was per-
formed for all patients. To standardize the evaluation of
fractures and enable a unified approach to the analysis of
orbital fracture data, orbital fractures were classified into
five categories according to Jaquiéry [14]. CT images were
reviewed to assess fracture location, extension of the bony
defect and the grade of fracture displacement.

Continuous variables were checked for normality us-
ing the Shapiro-Wilk test. Normally distributed data are
presented using means with standard deviations (SD),
whereas medians [with interquartile range (IQR)] are used
for non-normal distributions. An unpaired t-test was used
for normally distributed data, and the Mann-Whitney test
when data were not normally distributed. Statistical sig-
nificance was set at P < 0.05. SPSS software (IBM SPSS,
USA) was used for analysis.

The main prognostic factor was the difference in the
volume between affected and unaffected orbits. Secondary
prognostic factors included age, concomitant zygomatic
complex fracture, the presence of orbital wall defects, and
orbital wall deformities.

Results

Demographics

All 52 study subjects were males who sustained injuries
due to combat. At the time of injury, mean patient age was
37.7 +£ 9.5 years; the youngest patient was 22 years and the
oldest, 66 years old. Additionally, 50 patients (96%) were
service members, and 2 patients (4%), civilians. The left
orbit was more commonly affected (34 cases; 65.4%) than
the right orbit (18 cases; 34.6%). Cases underwent enucle-

ation or evisceration if the globe was non-salvageable after
a severe injury or in the remote period after non-effective
eye-preservation surgery.

Bony orbital injuries

Of the 52 patients, 35 (67.3%) had unilateral orbital
fracture, and 32.7% had a bilateral orbital fracture with
the involvement of both the anophthalmic side and the
side with the preserved eye. The total number of dam-
aged orbits found in 52 patients was 69. Of these orbits, 36
(52.2%) had isolated orbital wall defects. Orbital wall de-
fects accompanied by non-comminuted zygomaticomaxil-
lary complex fractures were observed in 11.6% (n=8) of
cases, whereas 7.2% (n=5) were associated with commi-
nuted ZMC fractures, and 29.0% (n=20) presented with
ZMC bone defects.(Fig. 1).

There was no significant difference (p > 0.05) in the
frequency of concomitant zygomatic complex fracture,
comminuted fractures, or fractures with bony defects
between patients with unilateral and bilateral orbital and
periorbital wounds.

Orbital fractures were classified according to Jaquiéry.
Orbital fractures were analyzed separately for the affected
anophthalmic sockets (n = 52) and the traumatized contra-
lateral orbits with intact globes (n = 17).

Based on the review of CT scans of anophthalmic
sockets, category IV and category V orbital fractures were
most common (31.9%, n=22 and 14.5%, n=10, respective-
ly), followed by type II (11.6%, n = 8), type III (10.1%,
n = 7), and type I fractures (7.2%, n = 5) (Fig. 2). Seven-
teen patients had bilateral orbital wall fractures. Based on
the review of CT scans of contralateral sockets with intact
globes and orbital fractures, type I orbital fractures were
most common (10.1%, n = 7), followed by type II (7.2%,
n =15), type III (2.9%, n = 2), and type V orbital fractures
(2.9%, n = 2). No type IV orbital fracture was, however,
found. In one patient, the orbital fracture was not classified
because it did not match with the classification criteria.

Orbital volume

Orbital volume was determined in 31 patients with a
unilateral orbital fracture. The mean volume of the intact
orbit was 26.9 + 2.4 cm?, whereas that of traumatized orbit
was 33.57 cm® (median, 32.1 cm?®; IQR, 29.5-36.4 cm3).
Therefore, the average volume difference between affect-
ed and unaffected orbits was 6.67 cm®. We reviewed CT
scans of the orbit for 14 patients with isolated orbital wall
fractures (Fig. 3). The mean orbital volume for patients
with isolated orbital wall fractures was 29.8 £ 2.6 cm?, ver-
sus 32.04 cm? for 2 patients with concomitant zygomatic
complex fractures of different types, and 36.93 £ 6.26 cm?
for 15 patients with zygomaticomaxillary complex frac-
tures with bony defects (Fig. 4).

Soft tissues

Of the 52 patients, 30.8% (n = 16) had isolated primary
lower-lid defects, and 26.9% (n = 14) had combined up-
per and lower eyelid defects, with no primary lid defects
noted in the remaining patients. No patient had an isolated
upper-lid defect. Post-traumatic and post-operative iso-
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Fig. 1. Bar graph representing types of zygomatic complex
fractures.

lated lower-lid deformities, isolated upper-lid deformities,
combined upper and lower eyelid deformities and no lid
deformities were seen in 32.7% (n = 17), 5.8% (n = 3),
50.0% (n = 26) and 11.5% (n=6), respectively, of those
patients (Fig.5). No eyelid defect or deformation was seen
in the preserved contralateral eye in any patient. There was
no significant difference (p > 0.05) in the rate of eyelid de-
fects or deformities between the cohorts, and the difference
in the rate of combined upper and lower eyelid deformities
was not significant (p = 0.077). The eye was removed by
evisceration (73.1%; n = 38), enucleation (25.0%, n = 13),
or evisceronucleation (1.9%; n=1).

The type of damage to facial soft tissues (that is, the
presence of any facial soft tissue wounds or cicatricial de-
formities) was also given attention. The infraorbital region
was the most common site of facial soft tissue damage
(20 patients; 38.5%), followed by the zygomatic (17 pa-
tients; 32.7%), cheek (12 patients; 22.1%), external nasal
(11 patients; 21.2%), frontal (8 patients; 15.4%), parotid (4
patients; 7.7%), eyebrow (4 patients; 7.7%), and temporal
(3 patients; 5.8%) regions. Soft tissues in the periorbital
facial region were intact in 12 patients (23.1%).

Discussion

Reed and colleagues [15] conducted a retrospective
analysis at the level of a military medical center. Of the
29 eyes examined, 15 eyes underwent evisceration and
14 eyes, enucleation following ocular trauma. Orbital
fractures were present in 4 cases having undergone evis-
ceration and in 1 case having undergone enucleation for
a gunshot wound. In a study by Vaca and colleagues [16],
52 (56.5%) of the 92 patients with facial skeleton fractures
had a severe injury to the globe which required eye re-
moval surgery. Jabaley and colleagues [17] reported that,
of the patients with maxillofacial fractures, 6% underwent
enucleation. In a study by Rubin and colleagues [18], of
the 20 patients with large orbital fractures, 20% underwent
enucleation. Elbeyli and Kurtul [19] reported that, of the

Fig. 2. Pie chart representing the distribution of orbital
fracture types according to the Jaquiéry classification in
the affected anophthalmic sockets

Fig. 5. Lid deformities and defects in patients with orbital
wounds

212 patients who were referred urgently to the department
of ophthalmology, 27 (12.73%) had orbital fractures, 26
of which were open injuries and one was a closed injury.

When an orbital fracture occurs in a civilian setting, the
thin orbital walls can fracture, displacing part of the orbital
content to the paranasal sinuses, reducing the energy trans-
ferred directly to the globe [20]. Zhou and colleagues [21]
analyzed and evaluated ocular injuries in patients with
maxillofacial fractures. Motor vehicle accidents were the
most common mechanism of injury. Ocular traumas were
more prone to occur in patients who sustained midfacial
fractures especially the patients with multiple midfacial
fractures.

A shift in the paradigm for warfare tactics, however,
has occurred partly due to a significant proliferation of
FPV-drone use. Additionally, the incidence of facial inju-
ries is on the rise due to insufficient protection of this body
region [22]. Combat trauma is unique and heterogeneous.
Our observations demonstrated that patients with blast-
induced trauma frequently exhibit extensive contaminated
and potentially infected facial soft-tissue wounds with for-
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Cc D

Fig. 3. Isolated orbital injury. (A) 3-dimensional (3-D) reconstruction of a computed tomography image for a patient with
isolated orbital injury; (B) coronal CT view of the affected orbit; (C) 3-D reconstruction of the affected orbital cavity; (D) 3-D
reconstruction of the unaffected orbital cavity.

A

Fig. 4. Combined injury. (A) 3-dimensional (3-D) recon-
struction of a computed tomography image for a patient
with an orbital trauma with concomitant zygomatic com-
plex fracture and post-traumatic eye loss; (B) 3-D recon-
struction of the unaffected orbital cavity; (C) 3-D recon-
struction of the affected orbital cavity.
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eign body involvement [23], which may be accompanied
by complex maxillofacial bony fractures [24] and bony
defects with potential communication with natural body
cavities. However, severe orbital injuries with eye loss
may be isolated with the preserved integrity of adjacent
bony structures and with the fracture lines running through
the medial or inferior orbital wall, and soft tissue damage
found either in the lid only or, less frequently, in the lid
with involvement of adjacent facial regions. Such a wide
range of potential damage is caused by the combination
effect of traumatic factors [25]. According to our experi-
ence, wounds developed due to the combination effect of
(a) blast wave impact, (b) direct wounds from foreign bod-
ies or fragments of personal head or eye protection, and (c)
thermal factors such as impact of blast fumes or heating of
munitions components resulting from a blast or high-speed
movement of these components.

The average volume difference between affected and
unaffected orbits was 6.67 cm? in the current study, which
is much larger than those reported for patients with con-
ventional peacetime fractures [26]. Correspondingly, it
should be noted that the increase in bone volume resulted
not only from bone fragment displacement, but also from
damage and cicatrization of the soft-tissue orbital contents.
Category V and category IV orbital fractures were most
common whereas isolated category I and category II or-
bital fractures were less common among orbital fractures
of the present study. Additionally, a large proportion of the
wounded had concomitant midfacial fractures, including
zygomatic complex fractures.

Gunshot wounds frequently result in conjunctival and
eyelid defects and cicatricial deformities [27]. Lower-lid
defects were more common than upper-lid defects in the
patients examined. Additionally, the status of the perior-
bital soft-tissues is important, because marked cicatricial
deformities in the infraorbital, zygomatic and buccal re-
gions contribute to tissue deficit and tension, potentially
affecting the conditions for fitting an ocular prosthesis.

Therefore, given the features of the orbital injuries
found in patients with combat wounds, certain recom-
mendations on the management of these injuries may be
developed and given an appropriate scientific justification.
Particularly, with regard to the reconstruction of extensive
orbital wall defects, especially those concomitant with
zygomatic complex fractures, patient-specific implants
(PSIs) offer superior outcomes in orbital volume resto-
ration, globe positioning, and reduced complication and
revision rates compared to conventional reconstruction.
This approach makes it possible to restore precisely the in-
tegrity of the orbit (particularly, the integrity in the apical
region), and correct the soft-tissue volume if required [28].

Conclusion

Based on our observations, combat orbital wounds fea-
ture exhibit unique changes in orbital architecture and dis-
torted anatomical landmarks, and are commonly seen with
concomitant injuries to adjacent structures. In a large pro-

portion of cases, such wounds are seen with concomitant
bony defects, which should be taken into account in sub-
sequent orbital reconstruction. A significantly increased
orbital bone volume may require PCls, and, under certain
clinical situations, the presence of various zygomatic com-
plex injuries can lead to the need for a staged reconstruc-
tion. The presence of various types of soft-tissue injuries
warrants a multidisciplinary approach to the rehabilitation
process.
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