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INTRODUCTION
Enophthalmos, the posterior displacement of the globe along 
the anteroposterior axis, is a common sign of orbital wall frac-
ture [1]. Clinically, more than 2 mm enophthalmos is notice-

able and a 5% increase in the total volume of the orbital cavity 
is sufficient to result in significant enophthalmos [2]. Other 
general signs of orbital wall fracture include pain, eyelid swell-
ing, and ecchymosis, and limitations in extraocular muscle mo-
tion and radiological evidence of extensive fracture (fracture 
size > 2 cm2) are indications for surgical treatment [3]. Howev-
er, the degree of enophthalmos may be masked initially by peri-
orbital swelling, and this may result in delayed surgery or later 
complications [4]. Therefore, previous studies have sought to 
identify ways to reduce the frequency of later complications by 
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measuring or predicting enophthalmos.
Hertel exophthalmometry, invented by Hertel in 1905 [5], is a 

simple, rapid, and easy method to measure the degree of en-
ophthalmos. The exophthalmometer measures the distance be-
tween the lateral orbital rim and the most anterior position of 
the cornea. However, the method is often associated with low 
accuracy and poor reproducibility [5,6], due to (1) improper 
location of the footplate on the lateral orbital rim, (2) rotation 
of the instrument at the horizontal plane, or (3) parallax error 
[7]. Nevertheless, it is widely used in clinical practice because of 
its simplicity, and accuracy can be improved if the device is 
used by an experienced examiner.

As an alternative to Hertel exophthalmometry, there have 
been many attempts to predict late enophthalmos by measuring 
orbital volume changes with preoperative computed tomogra-
phy (CT). Reconstruction using three-dimensional (3D) CT is 
the most suitable for measuring enophthalmos because it al-
lows for an accurate reconstruction of the complex orbital cavi-
ty [8,9]. However, this procedure requires specialist software to 
calculate the orbital volume, is costly, and time-consuming and, 
therefore, difficult to apply in clinical practice. In contrast, two-
dimensional CT is a relative inexpensive, fast, and easy to ana-
lyze method, but perhaps less accurate. There is still no consen-
sus as to the technique of choice [10,11].

For approximately 10 years, we have managed patients with 
orbital wall fractures and used the aforementioned methods to 
predict enophthalmos. During the follow-up period, we paid 
particular attention to the height of the upper eyelid of the af-
fected side, which we noted to be lower than that of the unin-
jured side in most patients. We surmised that this was because 
the eye moves posteriorly following the trauma, thereby creat-
ing a droopy lid appearance to the upper eye lid. This phenom-
enon is called pseudoptosis, a false ptosis because the lid func-
tion is not the problem. To date, there has been no statistical 
analysis on the relationship between enophthalmos and eyelid 
drooping. Therefore, the purpose of this study was to identify a 
correlation between enophthalmos and eyelid drooping in pa-
tients with orbital wall fracture. This could provide a meaning-
ful anthropometric measure for preoperative planning in pa-
tients with orbital wall fractures.

METHODS
Study design
This retrospective cohort study was performed at the Inje Uni-
versity Ilsan Paik Hospital from January 2014 to December 
2016. We reviewed all medical records of patients diagnosed 
with unilateral orbital wall fracture, and 75 patients who satis-

fied the following criteria were selected: (1) “pure” orbital wall 
fracture (not combined with other facial bone fracture or lacer-
ation), (2) without functional impairment requiring immediate 
surgery, (3) without known upper eyelid height difference (in-
ferred from patient history and previous photographs), (4) 
without severe peri orbital swelling that will not subside by 1 
week after trauma, (5) without green stick fracture in child (re-
quiring the surgical treatment, but usually not inducing the en-
ophthalmos), (6) without severe hematoma (especially, with 
maintaining mucosal continuity in sinus).

Ophthalmic examination
All patients underwent ophthalmic examination on the first 
day of trauma, at 1 week after trauma (before surgery), and at 3 
months after surgery. The degree of enophthalmos was mea-
sured by one skilled physician (HBL) using a Hertel exophthal-
mometer, according to the guidelines [5,6]: (1) Patients were 
positioned upright, with the patient’s eye level at the examiner’s 
eye level. (2) The precise location of the lateral orbital rim was 
marked using a surgical pen. (3) The device was positioned 
parallel to the horizontal plane. (4) The device was held tightly 
so it did not move with movement from the examiner. (5) The 
examiner should be reading the device as far from the instru-
ment surface.

Next, the height change of the upper eyelid was analyzed us-
ing the concept of “marginal reflex distance” (MRD) (Fig. 1). 
MRD is the distance between the cornea light reflex and the 
center of the upper eyelid at the primary position. MRD was 

Fig. 1. Description of the measurements, using the concept of mar-
ginal reflex distance (MRD). MRD is the distance between the cor-
nea light reflex and the center of the upper eyelid at primary posi-
tion. A 25-year-old man was in a car accident and diagnosed with 
right orbital floor fracture. We analyzed the upper eyelid height dif-
ference between both sides at 7 days after trauma. The blue line ex-
tends between the centers of both pupils. The distance between the 
blue and yellow line indicates the MRD of traumatized side, whereas 
the distance between blue and red lines indicates the MRD of the 
normal side. The patient showed an MRD reduction of 15% com-
pared with the normal side. 
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measured on both sides, and the degree of eyelid drooping was 
calculated by comparing the two lengths. The degree of eyelid 
drooping is referred to as the reduction rate of the MRD 
(RRM).

Statistical analysis
Statistical analysis to confirm the relationship between the de-
gree of the enophthalmos and the degree of eyelid drooping (i.e., 
RRM) was performed using the Pearson correlation coefficient. 
All analyses were carried out using IBM SPSS ver. 25.0 (IBM 
Corp., Armonk, NY, USA).

RESULTS
A total of 75 patients (45 males and 30 females) with orbital 
wall fractures participated in this study. The mean age of the 
patients was 34.9± 11.3 years (range, 14 to 67 years). The right 
side orbital wall was fractured in 39 cases and the left in 36 cas-
es. An isolated orbital floor fracture was the most common (35 
cases), followed by isolated medial orbital wall fracture (30 cas-
es) and inferomedial wall combined fracture (10 cases). All pa-
tients had normal levator function after trauma (lid excursion 
test ≥ 10 mm; mean± standard deviation [SD], 12.8± 1.3 mm; 
range, 10 to 15 mm), and the period from injury to surgery was 
7 to 19 days (mean± SD, 10.0± 3.0 days). The mean degree of 
enophthalmos at 1 week after trauma was 1.09 mm (SD, 0.76 
mm; range, 0 to 3 mm), and the mean RRM was 13.9% (SD, 
11.9%; range, 0% to 55.0%). After 3 months, the mean degree of 
enophthalmos was 0.35 mm (SD, 0.41 mm; range, 0 to 1.5 mm), 
and the mean RRM was 5.8% (SD, 7.5%; range, 0% to 25.0%).

There was a highly significant correlation between the degree 
of enophthalmos and the RRM at 1 week after trauma (r =  
0.845) before surgical intervention, with an enophthalmos of 
approximately 2.0 mm occurring in association with a 30.8% 
RRM. In addition, we confirmed that the degree of enophthal-
mos and the RRM significantly improved with orbital wall re-
construction, noting a statistically significant effect on the re-
covery of enophthalmos and upper eyelid height (p< 0.05). In-
deed, at 3 months after surgery, a moderate significant correla-

tion between enophthalmos and the RRM was shown (r =  
0.553) (Table 1).

Using the linear regression analysis, we could induce a func-
tional formula between the degree of enophthalmos (mm) and 
the RRM at 1 week after trauma (%), which allows us to predict 
mathematically the enophthalmos using preoperative RRM 
measurements. Based on the following formula, 

Enophthalmos= 0.0536× RRM+0.344
enophthalmos of approximately 2.0 mm would occur in asso-

ciation with 30.8% RRM.
Using Pearson correlation analysis, we statistically evaluated 

the degree of enophthalmos and the RRM at 1 week after trau-
ma and at 3 months after surgery (r> 0.7 indicates high signifi-
cance, r< 0.4 indicates low significance). We found that the de-
gree of enophthalmos and the RRM were statistically improved 
following orbital wall reconstruction. 

Here are two cases in which this phenomenon has been ap-
peared typically. In the first case, a 23-year-old woman was di-
agnosed with left orbital medial wall fracture (Fig. 2). She 
showed a postoperative improvement of both RRM (31.5% to 
15.5%) and the enophthalmos (2.0 mm to 0.0 mm). Next, a 
42-year-old woman was diagnosed with right inferomedial or-
bital wall fracture (Fig. 3). She also showed an improvement of 
both RRM (27% to 12%) and enophthalmos (1.5 mm to 0.5 
mm) respectively.

DISCUSSION
Orbital fractures are very common during facial trauma, and 
physicians should decide on a treatment plan at diagnosis. The 
general indications for orbital wall fracture surgery are diplopia 
caused by entrapment of the rectus muscle, visual acuity deficits 
caused by optic canal compression, and enophthalmos [3,12]. 
However, when patients do not show any complications, the 
physician must determine whether to perform surgery by eval-
uating preoperative CT images and/or through the use of en-
ophthalmos measurements [13].

Generally, most physicians recommend performing operative 
reconstruction of orbital wall fractures within 2 weeks of trau-
ma before bone union begins [14]. However, enophthalmos 
may be masked during the acute phase due to periorbital swell-
ing and measured inaccurately if the examiner is not well 
trained. In some cases, patients do not understand the meaning 
of enophthalmos and refuse surgery. Therefore, many studies 
have been conducted to analyze the relationship between pre-
operative CT images and enophthalmos to predict the final 
outcomes for patients with enophthalmos. At present, the gen-
eral consensus is that enophthalmos is caused by an increase in 

Table 1. Statistical correlation analysis on the degree of enophthal-
mos and RRM
Variable Statistical method Value p-value

E1 & R1 Pearson correlation r=0.845 0.001
E1 & Ep Paired t-test t=11.979 0.001
R1 & Rp Paired t-test t=6.842 0.01
Ep & Rp Pearson correlation r=0.553 0.01

RRM, reduction rate of marginal reflex distance; E1, enophthalmos at 1 week after 
trauma; R1, RRM at 1 week after trauma; Ep, postoperative enophthalmos at 3 
months; Rp, postoperative RRM at 3 months; r, correlation coefficient.
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Fig. 2. Case 1, a 23-year-old woman diagnosed with left orbital medial wall fracture. Before and after surgical intervention. (A) On day 7 after 
trauma, reduction rate of MRD (RRM) of 31.5% and an enophthalmos of 2.0 mm were shown. (B) On day 9, orbital wall reconstruction sur-
gery was performed, which lowered the RRM to 15.5% and enophthalmos to 0.5 mm. (C) At 3 months after surgery, eyelid height recovered to 
almost the same level as normal side (RRM was 3%), and the enophthalmos was restored to zero.  The blue line extends between the centers of 
both pupils. The distance between the blue and yellow line indicates the MRD of traumatized side, whereas the distance between blue and red 
lines indicates the MRD of the normal side. Two-dimensional computed tomography images taken at the time of injury (D), immediately after 
surgery (E), and at 3 months after surgery (F).

Fig. 3. Case 2, a 42-year-old woman diagnosed with right inferomedial or bital wall fracture. Before and after surgical intervention. (A) On day 7 
after trauma, reduction rate of MRD (RRM) of 27% and an enophthalmos of 1.5 mm was shown. The patient underwent orbital wall reconstruc-
tion surgery on day 8. (B) At 3 months after surgery, RRM decreased to 12% and enophthalmos was 0.5 mm. The distance between the blue and 
yellow line indicates the marginal reflex distance (MRD) of traumatized side, whereas the distance between blue and red lines indicates the MRD 
of the normal side. (C) Two-dimensional computed tomography image taken at the time of injury, and (D) immediately after surgery. The blue 
line extends between the centers of both pupils. 
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orbital volume, and 3D CT reconstruction can predict enoph-
thalmos by measuring volume change. However, because this 
technology is time-consuming, costly, and requires specialist 
equipment, its practical application is limited. 

The basis of all diagnoses begins with phenomenology. Pa-
tients with orbital fractures usually have a ptotic, droopy eyelid 
and a smaller palpebral fissure. In clinical practice, patients do 
not say that their eye seems depressed (enophthalmos) but usu-
ally complain that their eye seems to be smaller or that their 
eyelid is sagging (pseudoptosis). From this and our previous 
observations, we sought to determine if the degree of eyelid 
drooping could be quantified and linked to the degree of the 
enophthalmos, and thus serve as an anthropometrical diagnos-
tic tool that can be easily understood by patients.

We retrospectively selected patients with unilateral orbital 
wall fracture. All patients underwent lid excursion test at 1 
week after trauma to rule out levator function impairment due 
to the trauma; all patients had normal levator function (above 
10 mm). Next, we quantified the degree of eyelid drooping by 
calculating the reduction rate after measuring the MRD on 
both sides. The degree of enophthalmos was measured at the 
same time by one skilled physician, and was compared statisti-
cally with the RRM. We found a highly significant correlation 
between enophthalmos and RRM (r= 0.845), with an enoph-
thalmos of approximately 2.0 mm occurring in association with 
a 30.8% RRM. Furthermore, we showed that orbital wall recon-
struction surgery had a statistically significant effect on the re-
covery of enophthalmos and upper eyelid height (p< 0.05); al-
beit, with a moderate significant correlation (r= 0.553).

Enophthalmos occurs when the eyeball moves backward and 
downward along the enlarged orbital space, usually caused by 
an orbital wall fracture. Similarly, pseudoptosis in patients with 
an orbital fracture is thought to occur because of the posteroin-
ferior movement of the eyeball, leading to downward draping 
of the eyelid over the anterosuperior part of the orbit. 

Our findings have some important implications. First, we 
show that eyelid drooping can be used as a new anthropometric 
diagnostic measure during preoperative planning for orbital 
wall fracture repair. Without functional complications, the ma-
jor purpose of orbital wall fracture surgery is to correct a cos-
metic problem (a condition in which palpebral fissure looks 
smaller). Physicians usually use enophthalmos to objectively 
quantify such a cosmetic problem. Here, we show that eyelid 
drooping calculated by MRD can be used for another preopera-
tive indicator. Second, we found that eyelid drooping improves 
with the recovery of enophthalmos after reconstruction of the 
orbital wall fracture. Although the degree of correlation was 
moderate, statistical associations between the two indicators are 

now established and can be used as an objective index to evalu-
ate the postoperative result. 

However, there are some limitations on our study. First, we 
conducted the study with the assumption that periorbital ede-
ma improved in the first week after trauma. Pseudoptosis may 
be induced or obscured by remaining periorbital edema, so our 
study requires premise that there is no remaining periorbital 
edema. Second, as in the case of using a Hertel exophthalmom-
eter, an error also may occur in measuring the MRD itself. In 
addition, patients may have underlying ptosis, but do not know 
his or her status. 

Nevertheless, the finding of greatest significance in our study 
is that it is much simpler, and intuitive. We acknowledge calcu-
lating orbital volume change on CT and the degree of enoph-
thalmos measured by Hertel exophthalmometer are most pow-
erful indicators of orbital wall fracture surgery. However, our 
method offers significant advantages as an ancillary method, 
including an ease of understanding for the patient about his or 
her preoperative and postoperative status. This study is expect-
ed to be useful as an ancillary indicator for managing patients 
with orbital wall fractures in clinical practice. 
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