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INTRODUCTION

The indications for open reduction of orbital fractures have tra-
ditionally been considered to be the presence of symptoms such 
as limitation of extraocular muscle motion, radiologic evidence 
of extensive fracture (fracture size > 2 cm2), and enophthalmos 
produced by an orbital volume (OV) expansion [1]. Among 

these indications, enophthalmos may not appear immediately 
after trauma due to periorbital swelling; furthermore, it is diffi-
cult to detect enophthalmos before surgery because of residual 
swelling [2,3]. It has long been known that the cause of enoph-
thalmos is a discrepancy between the volume of orbital soft tis-
sue and the size of the bony orbital cavity; in addition, it is un-
derstood that the degree of enophthalmos increases proportion-
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ally with the increase in the OV [3]. However, the periorbital 
swelling caused by trauma makes it difficult to measure the exact 
amount of enophthalmos, and measurements of the final stable 
degree of enophthalmos are frequently delayed by several 
months until after the resolution of periorbital swelling [2]. 
Therefore, preoperative measurements cannot be used as a reli-
able guideline for the orbital surgeon, and it is important to pre-
dict the eventual final extent of enophthalmos in order to deter-
mine the need for surgery in orbital fracture patients. There 
have been several attempts to predict the extent of late enoph-
thalmos using preoperative OV measurements with orbital 
computed tomography (CT) [4,5]. However, volumetric mea-
surements of the orbit have not previously been used for surgi-
cal guidelines.

In this study, we measured the orbital volume ratio (OVR) us-
ing facial bone CT and examined its relationship with the final 
extent of enophthalmos and palpebral fissure in unoperated 
unilateral blowout fracture patients. Through our study, we in-
vestigated the correlation between the final enophthalmos and 
the OVR, and sought to determine the reliability of OVR mea-
surements that could estimate the eventual stable degree of en-
ophthalmos, as well as to find the OVR that induced 2 mm of 
enophthalmos; many studies have considered this the cosmeti-
cally significant threshold in blowout fractures [6-8].

METHODS

Subjects
We retrospectively reviewed the medical records of 38 unoper-
ated patients who had experienced unilateral blowout fracture 
between April 2010 and March 2016. Thirty-eight patients sat-
isfied the following criteria: (1) old unilateral pure blowout 
fracture with at least a 6-month follow-up; (2) no history of 
medical diseases that might have altered the OV or palpebral 
height; and (3) age < 65 years, to exclude the influence of senile 
change on palpebral fissure height. The patients were divided 

into 3 groups, depending on the anatomic location of the frac-
ture based on a facial CT scan: group I (inferior wall, 7 patients), 
group M (medial wall, 19 patients), and group IM (inferomedial 
wall, 12 patients). 

Facial CT scans and OVR measurements 
Three-dimensional CT images (GE Lightspeed VCT; GE Med-
ical System, Milwaukee, WI, USA) taken within 1 week after 
trauma were obtained in the axial plane with 2.5-mm or 2-mm 
thickness and coronal plane with 1-mm thickness. The inner 
boundary of the orbital bone was traced on each section with 
the Rapidia Image Post-processing System (Infinitt Co., Ltd., 
Seoul, Korea) (Fig. 1). Axial sections were used to integrate OV 
in group M, and coronal sections were used to integrate OV in 
groups I and IM. The OV was computed by summing the vol-
umes between the two scan sections, which was calculated by 
averaging the area of 2 adjacent scan sections and multiplying by 
section thickness: Volume = Σ (slicen+slicen+1)/2 × thickness 
[4]. The contralateral OV was used as a control to standardize 
individual OV differences, and the OVR was obtained by divid-
ing the volume of the traumatized orbit by that of the normal 
(control) side [9]. 

Orbital volume ratio (%) =  Orbital volume of traumatized side × 100
                      Orbital volume of normal side

Ophthalmic examination
Measurements of enophthalmos were performed 6 months af-
ter trauma to minimize the influence of periorbital swelling. The 
enophthalmos was measured with a Hertel exophthalmometer 
(Inami Inc., Tokyo, Japan) by measuring from the lateral orbital 
rim to the apex of the cornea on each side [8]. Enophthalmos is 
defined as the difference between the Hertel values of each side. 
Posterior displacement of the eye was recorded as a positive val-
ue by observers.

Enophthalmos = Hertel value of normal eye–Hertel value of 
traumatized eye 

Fig. 1. CT images used to calculate OVR values

(A) This patient had 1 mm of enophthalmos with an OVR of 105.98% and PFR of 87.15%. (B) This patient had 2 mm of enophthalmos with an 
OVR of 112.86% and PFR of 85.91%. (C) This patient had 3 mm of enophthalmos with an OVR of 115.95% and PFR of 80.32%. CT, computed to-
mography; OVR, orbital volume ratio; PFR, palpebral fissure ratio.

A B C



Choi SH et al. Orbital volume ratio and enophthalmos

520

Palpebral fissure measurement
To evaluate palpebral change, we measured the palpebral fissure 
ratio (PFR). The PFR was measured by digital photography 
and computerized image analysis. We took pictures of each pa-
tient in the primary gaze position 6 months after trauma to min-
imize the influence of periorbital swelling. Adobe Photoshop 
CS5 for Windows (Adobe Systems, San Jose, CA, USA) was 
used to measure the PFR. After tracing the upper and lower 
eyelid fissure area of the traumatized side, the number of pixels 
was calculated using the pen tool and the histogram window in 
Photoshop. The fissure area of the normal eye was also calculat-
ed, and we divided the value for the traumatized side by that of 
the normal side. 

Palpebral fissure ratio (%) =  
The pixels of traumatized side area × 100

                        The pixels of normal side area

Statistical analysis
The relationships between the change in the OVR and both the 
degree of enophthalmos and the PFR were assessed by using 
the Pearson product-moment correlation coefficients. A linear 
regression analysis was performed to obtain the correlation be-
tween the extent of enophthalmos and the OVR. A P < 0.05 was 
considered significant. All analyses were performed using SPSS 
ver. 20.0 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

The distribution of the 38 patients is shown in Table 1. The mean 
age of the patients (32 male and 6 female) was 41.81 ± 11.45 
years (range, 18–58 years). Twenty-four of the 38 fractures were 
on the left side, and 14 were on the right side. The mean OVR 
was 106.84% ± 4.48%, the mean enophthalmos was 1.25 ± 0.83 
mm, and the mean PFR was 90.72% ± 7.92% in all patients (Ta-
ble 2). Enophthalmos increased in proportion to the OVR, and 
there was a highly significant correlation between the increase in 
the OVR and the degree of enophthalmos (P < 0.05) (Fig. 1). 
On the other hand, there was no correlation between OVR and 
PFR (P > 0.05) (Table 2). According to linear regression analysis, 
enophthalmos increases by up to 0.145 mm with every 1% in-
crease in OVR. This yields the formula E = 0.145 V–14.267 
(r = 0.77, P < 0.05, n = 38) where E = enophthalmos (mm), 
V = OVR (%). In the above formula, the r2 value was 0.60, or 
60%, which is statistically significant. We calculated the OVR that 
caused 2-mm enophthalmos in our patient group. Based on the 
above formula, OVR that induced 2-mm enophthalmos was 
about 112.18% in all patients, 112.02% in group I, 110.40% in 
group IM, and 113.12% in group M (Table 2). Group I showed 
the steepest gradient relationship between the change in OVR 
and the degree of enophthalmos among the 3 groups (Fig. 2). 

Enophthalmos 
(mm)

100%≤OVR<105% 105%≤OVR<110% 110%≤OVR<115% 115%≤OVR<120%
Total

I IM M I IM M I IM M I IM M

1.0>E 3 - 5 - - - - - - - - - 8
1 .0≤E<1.5 - 2 3 2 2 3 - - - - - - 12
1.5≤E<2.0 - 1 - 1 - 3 - - - - - - 5
2.0≤E<3.0 - 1 - - 3 3 - 2 - - - 2 11
3.0≤E - - - - - - - - - 1 1 - 2
Total 3 4 8 3 5 9 - 2 - 1 1 2 38

  OVR, orbital volume ratio; I, inferior wall; IM, inferomedial wall; M, medial wall; E, enophthalmos.

Table 1. Patients’ distribution

Fracture 
location No. Age (yr) OVR (%)

Enophthalmos (mm) PFR (%)

Mean 
value

Correlation 
coefficienta) P-valuea) 

OVR (%) 
induce 

enophthalmos 
2 mm

Mean 
value

Correlation 
coefficientb) P-valueb)

Group I 7 42.71 106.40 0.92 0.977 <0.001* 112.02 92.70 –0.749 0.053

Group IM 12 40.66 107.74 1.70 0.734 0.007* 110.40 86.59 –0.099 0.759

Group M 19 42.21 106.44 1.07 0.725 <0.001* 113.12 92.61 –0.138 0.572

Total 38 41.81±11.45 106.84±4.48 1.25±0.83 0.779 <0.001* 112.18 90.72±7.92 –0.307 0.061

  OVR, orbital volume ratio; PFR, palpebral fissure ratio; Group I, inferior wall; Group IM, inferomedial wall; Group M, medial wall.
  a)Correlation analysis between OVR and enophthalmos (*P<0.05); b)Correlation analysis between OVR and PFR.

Table 2. Patients’ demographics and the correlation analysis between OVR with enophthalmos and PFR
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DISCUSSION

Determination of the operative treatment for blowout fracture 
patients was based on several factors, including restricted ocular 
motility, enophthalmos, and the severity of the fractures [1]. 
However, those operative indications caused some confusion 
for clinical use and did not yield any objective preoperative nu-
merical guidelines that could estimate eventual enopthalmos 
degree for determining the need for surgery. When the patients 
did not have any limitation of ocular movement, the ophthalmic 
surgeon needed to determine whether to perform the operation 
by evaluating the preoperative CT image and the enophthalmos 
measurements [10]. But, enophthalmos might not appear in the 
preoperative period due to periorbital swelling, and the preop-
erative enophthalmos measurements would not be useful as a 
reliable surgical guideline [11]. Most physicians agree that it is 
better to perform surgery within 2 weeks after injury, if possible 
[12]. Therefore, ophthalmic surgeons should be able to predict 
the eventual final stable degree of enophthalmos with the infor-
mation from the preoperative CT image and use this to deter-
mine whether to perform surgery even if the swelling remains.  

Enophthalmos occurs with an increase in volume of the bony 
orbit with consequent posterior displacement of the globe, but 
it may not develop immediately after trauma due to orbital 
swelling [3,4]. In fact, its onset can occasionally be delayed for a 
few weeks, and the final degree of enophthalmos could stabilize 
a few months after the resolution of periorbital swelling [2]. In 
other words, the position of the globe in the early post-trauma 

period may not be representative of the final globe position. 
There have been many attempts to establish the relationship be-
tween OV and enophthalmos in orbital wall fractures [4]. 
Whitehouse et al. [2] showed that enophthalmos occurred at a 
depth of 0.8 mm when the OV increased by 1 cm3. Raskin et al. 
[5] documented that 0.47 mm of enophthalmos occurred per 1 
cm3 of OV expansion. However, those studies did not consider 
individual OV difference. 

In this study, we tried to demonstrate that the preoperative CT 
OV measurement could be used as quantitative data to predict 
final enophthalmos degree in pure blowout fractures and used 
the OVR—comparing the traumatized eye volume with the 
normal side—to standardize the individual OV variability. 
There were significant correlations between enophthalmos and 
OVR (P < 0.05) (Table 2). 

Designating the extent of enophthalmos that is noticeable re-
mains controversial, but many studies have agreed that 2 mm of 
relative enophthalmos should be considered cosmetically sig-
nificant [6-8]. Moreover, most studies have presented an en-
ophthalmos of greater than 2 mm as the indication for orbital 
wall surgery [6-8]. 

In this study, we subdivided the patients into 3 groups depend-
ing on the fracture location: group I (inferior wall), group M 
(medial wall), and group IM (inferomedial wall). We analyzed 
the correlation between the OVR and enophthalmos according 
to the fracture location and found significant differences among 
all 3 groups (Table 2), with steeper slopes in inferior wall frac-
tures than medial wall fractures (Fig. 2). This means that more 
enophthalmos occurred in the inferior wall fracture group than 
the medial wall fracture group with the same OVR. It might be 
that the medial wall was supported by the ethmoid bone, but 
there was no bony support in floor fractures, and there was an 
effect from gravity [13]. Thus, we presumed that there might be 
a greater need for surgical intervention in floor fractures than in 
those of the medial wall with the same OVR. 

Generally, the traumatized enophthalmic eye showed a smaller 
palpebral fissure size than the normal eye; therefore, we evaluat-
ed the PFR to compare eye size, but we could not find a signifi-
cant correlation with the OVR. This was because palpebral fis-
sure size is affected by many other factors when compared with 
bony OV, which usually has similar size on either side. Further 
studies considering other factors are thus needed to search for a 
significant difference in the PFR. 

This study has some limitations. We used preoperative CT of 
unoperated patients to find OVR that induced 2-mm enoph-
thalmos; therefore, severe operated blowout fracture patients 
were excluded. In addition, the number of patients with medial 
wall fractures was greater than that of those with another frac-

Fig. 2. OVR versus enophthalmos

Correlations between the OVR and the degree of enophthalmos. 
There are different slopes in each group. The inferior wall fracture 
group (group I) showed a steeper slope than the medial wall fracture 
group (group M). OVR, orbital volume ratio; M, inferomedial wall.
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ture location. It was estimated that ocular symptoms that require 
operation are more commonly associated with floor fracture 
than medial wall fracture, thus it was difficult to find unoperated 
floor fracture patients. A larger number of patients and more 
balanced patient samples among groups are required for more 
accurate comparison, and further studies should be conducted 
on the other factors that could influence enophthalmos. 
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