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Background: Orbital fractures are the most common pediatric facial fractures. Treatment is con-
servative due to the anatomical differences that make children more resilient to severe displace-
ment or orbital volume change than adults. Although rarely, extensive fractures may result in en-
ophthalmos, causing cosmetic problems. \We aimed to establish criteria for extensive fractures
that may result in enophthalmos.

Methods: We retrospectively reviewed the charts of patients aged 015 years diagnosed with or-
bital fractures in our hospital from January 2010 to February 2019. Computed tomography images
were used to classify the fractures into linear, trapdoor, and open-door types, and to estimate the
defect size. Data on enophthalmos severity (Hertel exophthalmometry results) and fracture pattern
and size at the time of injury were obtained from patients who did not undergo surgery during the
follow-up and were used to identify the surgical indications for pediatric orbital fractures.

Results: A total of 305 pediatric patients with pure orbital fractures were included—257 males
(84.3%), 48 females (15.7%); mean age, 12.01 +2.99 years. The defect size (p=0.002) and fracture
type (p=0.017) were identified as the variables affecting the enophthalmometric difference be-
tween the eyes of non-operated patients. In the linear regression analysis, the variable affecting
the fracture size was open-door type fracture (p<0.001). Pearson’s correlation analysis demon-
strated a positive correlation between the enophthalmometric difference and the bony defect size
(p=0.003). Using receiver operating characteristic curve analysis, a cutoff value of 1.81 cm? was
obtained (sensitivity, 0.543; specificity, 0.724; p=0.002).

Conclusion: The incidence of enophthalmos in pediatric pure orbital fractures was found to in-
crease with fracture size, with an even higher incidence when open-door type fracture was a co-
factor. In clinical settings, pediatric orbital fractures larger than 1.81 cm? may be considered as
extensive fractures that can result in enophthalmos and consequent cosmetic problems.
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INTRODUCTION

Facial bone fractures are relatively uncommon in children com-
pared with adults. This is known to be due to anatomical fac-
tors, such as skeletal flexibility and reduced sinus pneumatiza-
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tion. The most common pediatric facial bone fractures are or-
bital fractures, which account for 29.8% of all cases [1].

Orbital growth in children is completed by 6-8 years of age,
while growth and aeration of the maxillary sinuses reach their
tull size by the age of 16 when dentition is completed. In the pe-
diatric population, medial and floor fractures are more com-
mon than roof orbital fractures, as are fractures with mild dis-
placement limited by the bony elasticity, orbital periosteum,
supporting ligaments, and rapid recoil. Consequently, enoph-
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thalmos or vertical orbital dystopia are not as common as in
adults; thus, nonoperative treatment is recommended [1-4].

In adults, indications for surgical treatment of orbital fractures
are: radiographic evidence of an extensive fracture that can re-
sult in muscle incarceration, causing double vision, enophthal-
mos, or exophthalmos; orbital volume change; and visual acuity
deficit or blow-in fracture caused by a presumed invasion of the
optical canal by the fracture that does not react to steroids. The
criteria for extensive pure orbital fractures are a fracture size of
over 2 cm’ or a bony defect greater than 50% [5-10].

Contrarily, the majority of pediatric orbital fractures are treat-
ed conservatively. Albeit rarely, these fractures can result in en-
ophthalmos when extensive. Furthermore, parents or guardians
often refuse surgical treatment due to concerns regarding gen-
eral anesthesia despite the potential for enophthalmos. There-
fore, there is a need for clearly established criteria for pediatric
extensive orbital fractures so that parents or guardians can be
timely warned and treatment plans established [2,3].

In line with the saying “Children are not small adults” pediat-
ric patients often present with fractures that are difficult to di-
agnose, such as white-eyed blowout fractures, or fracture pat-
terns that are different from those in adults. Thus, applying the
same thresholds for enophthalmos in children as in adults is in-
appropriate, as the orbital volume and bone size in children are
different from those in adults. Hence, in this study, we aimed to
establish criteria for extensive fractures that may result in en-
ophthalmos and to define the surgical indications for pediatric
orbital fractures based on the enophthalmos severity, the frac-
ture pattern, and size at the time of injury obtained from pedi-
atric patients with orbital fractures who had not undergone
surgical treatment.

METHODS

Study design and patients

We retrospectively reviewed the medical records and computed
tomography (CT) images of patients aged 0-15 years who were
diagnosed with an orbital fracture in our hospital from January
2010 to February 2019. According to the exclusion criteria, pa-
tients with impure orbital fractures involving other facial bones,
orbital roof or lateral wall fractures, or bilateral orbital fractures,
and those who did not undergo a follow-up for over 6 months
were excluded from the study.

The following data were collected from the medical records:
age, sex, mechanism of trauma, location of fracture, presence of
orbital symptoms at the time of injury, provision of surgery, and
Hertel exophthalmometry results at the final follow-up after at
least 6 months. CT image analysis was performed to collect
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data on the fracture type and bony defect size. The mechanism
of trauma was categorized as follows: assault, fall, slip, sports in-
jury, or traffic accident. Fractures were classified based on the
location (left or right, further categorized as medial wall, inferi-
or wall, or both medial and inferior wall fractures) and the frac-
ture type (linear, trapdoor, or open-door fractures).

Based on whether they had undergone surgical treatment, pa-
tients were divided into two groups: operated and non-operat-
ed. Data were analyzed and compared between the groups.

CT image analysis

Facial or orbital CT images taken at the time of injury were
used to determine the type of fracture and the size of the bony
defect of the orbital wall using INFINITT PACS M6 software
(INFINITT Healthcare Co., Ltd., Seoul, Korea).

Fractures with mild displacement, such as linear and green-
stick fractures, were defined as linear-type fractures. Fractures
with remarkable bone chip displacement and herniation of soft
tissue from the orbit, such as comminuted or severe fractures,
were defined as open-door-type fractures. Fractures with mus-
cle or soft tissue entrapment in the absence of severe bony dis-
placement or in the presence of small defects in the form of a
door hinge were defined as trapdoor-type fractures (Fig. 1).

The size of the orbital wall defect was measured using three-
dimensional (3D) CT, where possible. In cases where 3D CT
measurements were not taken or were not possible, the diame-
ter of the section with the largest two-dimensional defect size
was measured (Fig. 2). Subsequently, the defect size was calcu-
lated by multiplying the measured diameters, assuming the de-
fect to be rectangular in shape.

Statistical analysis

Data were analyzed using IBM SPSS Statistics version 26 (IBM
Corp., Armonk, NY, USA). Statistical significance was set at
p<0.05.

To compare the differences between groups in each variable,
Student t-test was performed for continuous variables and a
chi-square test was performed for categorical variables. If Lev-
ene’s test demonstrated a heterogeneity of variance in the distri-
bution of dependent variables, Welch t-test was applied to the
results. Logistic regression analysis was used to identify the vari-
ables that affected the occurrence of orbital symptoms, and lin-
ear regression analysis was used to identify the variables that af-
fected the bony defect size. Pearsons correlation analysis was
conducted to investigate the correlation of the enophthalmo-
metric difference between the eyes of non-operated patients
with the bony defect size. Receiver operating characteristic (ROC)
curve analysis was performed and the area under the curve

277



KimSHetal. Indication for pediatric orbital fractures

Archives of Craniofacial Surgery

Fig. 1. Types of fractures. (A) Linear-type fracture in the left medial orbital wall. (B) Open-door-type fracture in the left inferior orbital wall.
The orbital fat is herniated through the fractured orbital wall. (C) Trapdoor-type fracture in the left medial orbital wall. The orbital soft tissue

is entrapped by the fracture fragments.

Fig. 2. Method of bony defect measurement. (A) Right inferior orbital bony defect measured with three-dimensional facial computed tomog-
raphy. (B, C) Right medial orbital bony defect measured with two-dimensional sections.

(AUC) was calculated to define the point of maximum sensitiv-
ity and specificity as the cutoff value.

RESULTS

According to the inclusion and exclusion criteria, 305 pediatric
patients diagnosed with pure orbital fractures from January
2010 to February 2019 were included in the study.

The patients’ and the characteristics of the fractures are pre-
sented in Table 1. There were 257 males (84.3%) and 48 females
(15.7%) with a mean age at the time of injury of 12.01+2.99
years. In terms of fracture location, more than half involved the
left eye (58.0%), with equal involvement of the inferior and me-
dial walls (40.0% each). Regarding the fracture type, open-
door-type fractures were the most common (n=113, 37.0%),
followed by trapdoor-type (n =94, 30.8%) and linear-type frac-
tures (n=64, 21.0%). The average bony defect size was 1.58 =
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1.40 cm®. The most common mechanisms of trauma were as-
sault (n=96, 31.5%) and slip (n=90, 29.5%) (Table 1). Among
all the patients, 85 (27.9%) were surgically treated and 220
(72.1%) did not undergo surgery. The average age of non-oper-
ated patients was 11.95+3.04 years. The difference in Hertel
exophthalmometry results at final follow-up between both or-
bits in non-operated patients was 0.32+ 0.65 mm (range, 0-2.5
mm), and the mean value of the difference was 1.39 + 0.60 mm.
In particular, 15 patients had an enophthalmometric difference
of 2 mm or more.

On comparing Hertel exophthalmometric differences in the
non-operated group, there was a significant difference in the
bony defect size, which was significantly greater in the presence
of an enophthalmometric difference (1.78+1.17 cm® vs. 1.20+
1.15 cm? p=0.002). There was also a significant difference in
the fracture type (p=0.017); when an enophthalmometric dif-
ference was present, open-door-type fractures were most com-
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Table 1. Characteristics of pediatric pure orbital fractures in all pa-
tients
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Table 2. Patient and fracture characteristics based on the enoph-
thalmometric difference in non-operated patients

Variable Value (n=2305)
Age (y) 12.01£2.99
Defect size (cm?) 158 £1.40
Sex

Male 257 (84.3)

Female 48 (15.7)
Location of fracture

Inferior wall 122 (40.0)

Medial wall 122 (40.0)

Both 61 (20.0)
Type of fracture

Linear (medial or inferior) 64 (21.0)

Open-door (medial or inferior) 113 (37.0)

Trapdoor (medial or inferior) 94 (30.8)

Open-door (both) 11 (3.6)

Trapdoor (both) 13 (4.3

Open/trapdoor (both) 10(3.3)
Injured eye

Left 177 (58.0)

Right 128 (42.0)
Surgical treatment

Yes 85 (27.9)

No 220 (72.1)
Orbital symptoms

Yes 115(37.7)

No 189 (62.3)
Mechanism of trauma

Assault 96 (31.5)

Fall 17 (5.6)

Slip 90 (29.5)

Sports injury 55 (18.0)

Traffic accident 47 (15.4)

Values are presented as mean & SD or number (%).

mon (54.3%), whereas when an enophthalmometric difference
was absent, trapdoor-type (35.6%) followed by linear-type frac-
tures (27.6%) were most common (Table 2).

In the linear regression analysis of variables affecting the bony
defect size in non-operated patients, only the fracture type
demonstrated a significant effect (p <0.001). In particular, a sig-
nificant positive effect was observed in fractures other than the
linear-type, with a relatively large effect of p=0.74 observed in
open-door-type fractures (Table 3).

In the logistic regression analysis of variables that affected the
occurrence of orbital symptoms in all patients (Table 4), the
mechanism of trauma and the fracture type demonstrated a
significant effect. In particular, trauma from traffic accidents

. Enophthalmometric difference Total
Variable ~290 p-valug?
Yes(1=46) No(n=174)  (1=220)
Age (yr) 1254+261 11.80+3.14 11.95+3.04 0.140
Defect size (cm?) 178117 120£115 1.32+£1.18 0.002
Location of fracture 0.800
Inferior wall 15 (32.6) 66 (37.9) 81(36.9)
Medial wall 22 (47.8) 76 (43.7) 98 (44.5)
Both 9(19.6) 32 (18.4) 41 (18.6)
Type of fracture 0.017
Linear 6 (13.0) 48 (27.6) 54 (24.5)
(medial or inferior)
Open-door 25 (54.3) 49 (28.2) 74 (33.6)
(medial or inferior)
Trapdoor 10 (21.7) 62 (35.6) 72 (32.7)
(medial or inferior)
Open-door (both) 0 2(1.1) 2(0.9)
Trapdoor (both) 3(6.5) 8(4.6) 11 (5.0)
Open/trapdoor (both) 2(4.3) 5(2.9) 73.2)

Values are presented as mean & SD or number (%).
AChi-square test or Student -test.

Table 3. Linear regression analysis between defect size and predic-
tors in non-operated patients

Predictor SE B p-valug?
Age 0.02 0.05 0.217
Mechanism of trauma
Assault - - (Reference)
Fall 0.24 -0.01 0.861
Slip 0.12 0.01 0.748
Sports injury 0.14 0.00 0.949
Traffic accident 0.16 0.02 0.647
Location of fracture
Inferior wall 0.18 —-0.08 0.182
Medial wall 0.18 0.06 0.367
Both - - (Reference)
Type of fracture
Linear (medial or inferior) (Reference)
Open-door (medial or inferior) 0.14 0.74 <0.001
Trapdoor (medial or inferior) 0.14 0.33 <0.001
Open-door (both) 0.31 0.63 <0.001
Trapdoor (both) 0.30 0.34 <0.001
Open/trapdoor (both) 0.32 0.39 <0.001

SE, standard error; B, correlation coefficient.
L inear regression analysis.

was 2.343 times more likely to cause orbital symptoms than
trauma from assault (p = 0.045). Open-door-type fractures were
2.901 times more likely to cause orbital symptoms than linear-
type fractures, with a 14.469 times greater chance when involv-
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Table 4. Logistic regression analysis between orbital symptoms and
predictors in all patients
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Table 5. Correlation between provision of surgical treatment and
bony defect size in all patients

Predictor OR (95% Cl) p-valug?
Age 1.080 (0.979-1.192) 0.123
Mechanism of trauma
Assault 1 (Reference)
Fall 1.181 (0.335-4.162) 0.795
Slip 1.394 (0.734-2.651) 0.310
Sports injury 0.827 (0.388-1.764) 0.624
Traffic accident 2.343 (1.019-5.386) 0.045
Location of fracture
Inferior wall 1.656 (0.671-4.086) 0.273
Medial wall 0.460 (0.183-1.157) 0.099
Both 1 (Reference)
Type of fracture
Linear (medial or inferior) 1 (Reference)
Open-door (medial or inferior) 2.901 (1.378-6.107) 0.005
Trapdoor (medial or inferior) 1.755 (0.840-3.667) 0.135
Open-door (both) 14.469 (2.282-91.732) 0.005
Trapdoor (both) 1.918 (0.416-8.848) 0.404
Open/trapdoor (both) 3.490 (0.690-17.643) 0.131
OR, odds ratio; Cl, confidence interval.
3 ogistic regression analysis.
10
08
= 06
%
04
02
0 ! ! ! ! )
02 0.4 0.6 0.8 1.0

1-Specificity

Fig. 3. Receiver operating characteristic curve of the enophthalmo-
metric difference and the bony defect size in non-operated patients.
The area under the curve was found to be significant at 0.649 (p=
0.002). The cutoff value, defined as the point of maximum sensitivity
(0.543) and specificity (0.724), was 1.81 cm”.

ing both the medial and inferior orbital walls (p =0.005 both).
Pearson's correlation analysis revealed a positive correlation be-
tween the enophthalmometric difference and the bony defect size
in non-operated patients (r=0.20; p=0.003). In the ROC curve
analysis, the AUC was 0.649, indicating significance (p=0.002).
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Surgical treatment Total
value?
Yes(1=85 No(=220) (=309 r
Defectsize (cm?)  2.24+171 1.32+118 1.58+1.40 <0.001

Values are presented as mean & SD.
IWelch t-test.

A cutoff value of 1.81 cm* was established at the point of maxi-
mum sensitivity and specificity (Fig. 3).

Additionally, we also examined the correlation between the
provision of surgical treatment and the bony defect size (Table 5).
The mean bony defect size was significantly greater in patients
in the operated group than in non-operated patients (2.24+ 1.71
cm’vs. 1.32+1.18 cm’ p< 0.001).

DISCUSSION

In this study, we compared the enophthalmos severity and the
fracture pattern and size at the time of injury in pediatric patients
with pure orbital fractures based on the provision for surgical
treatment in order to establish criteria for extensive fractures that
can aid in defining surgical indications in this population. We
found that the incidence of enophthalmos increased with the
fracture size, particularly in open-door-type fractures. We deter-
mined that pediatric orbital fractures larger than 1.81 cm’ may
be considered as extensive fractures that can result in enophthal-
mos and consequent cosmetic problems.

Pediatric orbital fractures tend to have characteristics of linear
or trapdoor fractures due to bone flexibility. Additionally, the
tendency for early recoil in children reduces the incidence of
globe malposition, such as enophthalmos or vertical orbital
dystopia [1]. Thus, conservative treatment is often performed
in this population, unless entrapment or acute globe malposi-
tion are observed, which require immediate surgery. Further-
more, surgery may be deemed controversial due to concerns of
growth disturbances due to the soft tissue stripping and fixation
during surgery [1,2]. Nonetheless, the available evidence sup-
ports the need for surgical indications in children due to the
potential of large fractures to cause changes in the orbital vol-
ume and enophthalmos [11], although it is questionable wheth-
er applying the same criteria as in adults is reasonable.

Although pediatric orbital growth is completed by 6-8 years
of age and there is a low incidence of orbital fractures in young-
er age groups, the incidence increases with increased aeration
in the sinuses. As the midface reaches full size by the age of 16,
when dentition is completed, children up to 15 years of age were
identified as pediatric patients for data collection in this study.
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The demographic data analysis indicated similar findings as
those of previous studies [1,2]; orbital fractures were more
common in male children, 56.1% were linear- or trapdoor-type
fractures, with a 27.9% rate of surgical repair. However, based
on the fact that the most common mechanisms of trauma in
this study were assault, slip, and sports injury, in contrast to
traffic accident and sports injury in previous studies [12], it can
be presumed that the factors resulting in trauma were limited
to those of weaker strength due to the exclusion of fractures
other than pure orbital fractures in this study.

The fracture type and size were determined using facial CT
images obtained at the time of injury and fracture-induced en-
ophthalmos was examined through Hertel exophthalmometry
measurements in non-operated patients during the follow-up.
Generally, in adults, an enophthalmometric difference greater
than 2 mm is known to carry a potential for cosmetic problems
[13]. Although the patients in our study would still be children
or adolescents after the follow-up, the enophthalmometric dif-
ference as an indicator of enophthalmos was set at 2 mm, con-
sidering that orbital growth is completed by 6-8 years of age.
Based on this criterion, the mean fracture size was determined
to be 1.78+1.17 cm” and 1.20+1.15 cm’ in patients with and
those without enophthalmos, respectively, indirectly supporting
the hypothesis that a greater fracture size increases the inci-
dence of enophthalmos. Thus, we aimed to determine the frac-
ture size at which enophthalmos would occur. We further found
that open-door-type fractures were dominant in patients with
enophthalmos, whereas trapdoor-type or linear-type fractures
were dominant in those without enophthalmos, which is in line
with previously reported findings [11], suggesting that open-
door-type fractures caused remarkable orbital volume changes.

In the analysis aimed to identify factors affecting the fracture
size, open-door-type fractures demonstrated a dominant effect,
which is consistent with their definition, inclusive of burst out
orbital tissue and comminuted fractures. None of the remain-
ing variables (age, trauma mechanism, or fracture location)
showed an effect. In the analysis aimed to identify factors af-
fecting the occurrence of orbital symptoms, it was observed
that the severity of symptoms was greater when the fracture
mechanism was a traffic accident, which may be attributed to
the stronger force inflicted by these type of injuries, as men-
tioned previously. A similar explanation can be applied for the
higher incidence of symptoms in open-door-type fractures.
Moreover, one can deduce that orbital symptoms in open-door-
type fractures may be caused by changes in the orbital volume,
which in turn may cause globe malposition, such as enophthal-
mos or vertical orbital dystopia.

In this study, a direct, positive correlation was identified be-
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tween the enophthalmometric difference and the fracture size,
and the value of 1.81 cm® was determined as the cutoff to pre-
dict the occurrence of enophthalmos with a sensitivity of 0.543
and a specificity of 0.724. Although this value does not signifi-
cantly differ from the criterion of 2 cm” in adults, and consider-
ing that previous studies [6,10,13] have reported that defects
sized up to 2.3-2.6 cm* should not cause cosmetic problems, it
can be established as a sufficient criterion for the pediatric pop-
ulation. Given that the average age of the non-operated patients
was 11.95+ 3.04 years, and that their midface would have de-
veloped similar to that of an adult, this may have introduced
bias. Additionally, the analysis comparing the fracture size be-
tween the operated and non-operated patients indicated that
the bony defect size was larger among the former by approxi-
mately 1 cm’. Furthermore, of the 85 patients who underwent
surgery, 22 and 18 patients had muscle entrapment and entrap-
ment of soft tissue including fat tissue, respectively; other pa-
tients underwent surgery for globe malposition following orbit-
al volume changes due to soft tissue herniation, induced by a
blowout fracture or orbital symptoms such as visual impair-
ment. This may be attributed to the fact that patients with acute
globe malposition or orbital symptoms opted for urgent opera-
tion or elective surgical repair, which demonstrates the need for
clear indications for fracture size-related surgery in treatment
planning.

The limitation of this study is the age range of the study sub-
jects, which corresponds to a period when the eye development
is complete and the midface is similar to that of adults. There
were challenges in subject selection, as there is a low incidence
of orbital fractures among children in the lower age range,
which would reduce the number of recruited subjects, while
those in the higher age range had completed development, pre-
senting with characteristics similar to those of adults. Prospec-
tive studies with a long-term follow-up and data collection in a
pediatric population with a lower age range may be more effec-
tive in establishing effective indications.

In conclusion, we demonstrated that the incidence of enoph-
thalmos in pediatric pure orbital fractures increased with the
fracture size, becoming even higher with open-type fractures as
a cofactor. In pediatric patients with pure orbital fractures larger
than 1.81 cm?, surgical repair may be recommended, as such
fractures may later result enophthalmos with an enophthalmo-
metric difference of 2 mm or more and consequent cosmetic
problems. Based on the findings of the present and those of
previous studies [1,6,9,14,15], the surgical indications for pedi-
atric orbital fractures are as follows: symptoms due to incarcera-
tion of muscle or soft tissue, such as diplopia; orbital symptoms
requiring decompression, such as visual acuity deficit; acute
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globe malposition due to orbital volume change, such as en-
ophthalmos or vertical orbital dystopia; and extensive fractures
with a defect size greater than 1.81 cm’* according to CT find-
ings, which may result in enophthalmos.
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