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ABSTRACT
Background: Post-traumatic enophthalmos is a multifactorial phenomenon that can be 

attributed to the increased orbital volume, loss of ligamental support of the globe or atrophy of 
orbital fat. Early restoration of orbital volume has been associated with an improvement in the 
maximal corneal projection and reduced enophthalmos. However, delayed repair of orbital fractures 
is more complicated due to the evident scarring of periorbital tissues.

Aim of the study: The aim of this study was to correlate post-operative correction of the 
corneal projection to the degree of correction (decrease) of the orbital volume after delayed repair 
of orbital fractures.

Patients and Methods: Ten patients suffering from unilateral orbital fracture who were treated 
one month or more from the date of trauma were included in this study. All patients received a 
preoperative CT that was imported into a surgical planning software to quantify the preoperative 
orbital volume as well as the maximal corneal projection of the traumatized orbit. One-month 
postoperatively, the patients received another CT scan to once again quantify the reconstructed 
orbital volume and to record any improvement in the maximal corneal projection. Results were 
recorded in the form of means ± standard deviation and Pearson’s correlation coefficient was 
implemented to analyze the correlation between the change in the orbital volume and the change in 
the degree of enophthalmos.

Results: The mean decrease in the orbital volume was 4.27cm3 ± 3.60 while the mean increase 
in corneal projection was 2.24mm ± 1.16.  Statistical analysis revealed a strong positive correlation 
between the forward translation of the maximal corneal projection and the change (decrease) in 
the orbital volume following reconstruction with a correlation coefficient (R) value of 0.82 which 
indicated strong correlation. The value of R2, the coefficient of determination is 0.67. The P value 
was 0.0125 which was significant at levels < 0.05.

Conclusions: From the current study, it can be concluded that even in delayed cases the accurate 
reconstruction of the bony walls resulting in a decrease in the orbital volume is an important factor 
in correcting post-traumatic enophthlamos, as both variables showed a strong correlation to each 
other. 
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INTRODUCTION 

So many factors have been accused of being the 
reason for post-traumatic enophthalmos. Studies 
have tried to figure out the main reason for such 
an esthetically unacceptable sequel. Among these 
explanations, was the amount of the herniated fat1, 
the orbital tissue atrophy2, the loss of the ligamental 
support of the globe3 and the increase in orbital 
volume4.

So much attention has been given to the bony 
reconstruction of the orbital walls. Calvarial bone 
grafts5, high density porous polyethylene alone6 or 
with embedded titanium meshes7, polydioxanone8 
and titanium meshes9 are among the most popular 
grafts and implants used for reconstruction. Opti-
mizing the bony reconstruction using advanced 
techniques such as intraoperative imaging, naviga-
tion and computer-assisted planning have been re-
ported over the past years10, 11.

But the question is; does restoration of the 
orbital volume positively correlate to the correction 
of enophthalmos in delayed post-traumatic cases 
where scarring of tissues has occurred? 

Therefore, the aim of this study was to correlate 
the post-operative correction of the  corneal 
projection to the degree of correction (decrease) of 
the orbital volume.

PATIENTS AND METHODS

Ten patients presenting with delayed (more 
than one month after trauma) unilateral orbital 
fractures were selected from the outpatient clinic 
of the Oral and Maxillofacial department, Cairo 
University. Clinical examination was performed to 
detect different pupillary levels (hypophthalmos) 
and the presence of enophthalmos. All patients were 
instructed for a preoperative CT scan of a minimal 
slice thickness/ spacing, to evaluate the orbital walls 
and their need for reconstruction and to calculate 
the preoperative orbital volumes and measure the 
maximal corneal projection.

Prior to their admission to the operating room 
(OR) the patients underwent routine laboratory 
investigations.

All surgeries were done under general anesthesia. 
Patients were scrubbed and draped according to the 
standard technique. The orbital floor was approached 
using a transconjunctival (post-septal) approach or 
a subciliary approach. Dissection was performed 
till an intact shelf of bone was revealed. A titanium 
mesh (Synthes,0.4 mm rigid) was then introduced 
to reconstruct the orbital wall(s) and fixed in place 
using micro screws.  Transconjunctival incisions 
were sutured using 6-0 vicryl sutures, while 
subciliary incisions was closed in layers; deep 
layers were closed using 4-0 Vicryl sutures and the 
skin using 6-0 polypropylene sutures

A suspension suture to hold the lower eyelid was 
performed whenever a transconjunctival approach 
was used. The patient was prescribed Ampicillin/
Sulbactam 1500 mg IM q12h for 2 days followed 
by Amoxicillin/Clavulanic acid 1000 mg q12h for 7 
days, Diclofenac Sodium 75mg IM for 2 days fol-
lowed by Diclofenac Sodium 50 mg tablets q8h, 
and 80 mg of Methylprednisolone acetate before 
discharge on the day of surgery were prescribed.

Follow up of the patients was performed 
for removal of the suspension suture 3 days 
postoperatively, and for the skin staples at 10 days 
postoperatively.

A postoperative CT was performed one month 
postoperatively with the same parameters as the 
preoperative one, upon which segmentation of 
the intraorbital contents, calculation of the orbital 
volume (figures 1-3) and measurement of the 
maximal corneal projection (figure 4) were executed 
using Mimics software (Matreialise inc., Leuven, 
Belgium).

The decrease in the orbital volume was then 
calculated by subtraction the post-operative volume 
from the preoperative one. In addition, the forward 
movement of the maximal corneal projection was 
calculated by subtracting the preoperative value 
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from the post-operative value, which revealed the 
correction of enophthalmos.

Statistical analysis was performed using SPSS 
(Statistical Package for the Social Sciences) version 
20, IBM corp., U.S.A. Data were expressed in term 
of means ± standard deviation. The correlation 
between forward translation of the corneal 
projection (correction of enophthalmos) and 
change (decrease) in orbital volume was done using 
Pearson’s correlation factor. The significance level 
(P value) is  0.05.

RESULTS

The healing period went uneventful for all cases, 
apart from two cases. One showed a hypertrophic 
scar following the subciliary approach and the 
other an increased scleral show following the 
transconjunctival approach.

 The mean decrease in the orbital volume was 
4.27cm3 ± 3.60 while the mean increase in corneal 
projection was 2.24mm ± 1.16.  Statistical analysis 
revealed a strong positive correlation between 
the forward translation of the maximal corneal 

Fig. (1) A coronal CT cut showing segmentation of the 
intraorbital content (blue) from the surrounding bony 
orbit (yellow).

Fig. (3) A 3D image of segmented orbital contents.

Fig. (2) A cutting plane passing within the orbital rim and 
separating the orbital contents from the soft-tissue 
situated outside the boundaries of the bony orbit.

Fig. (4) An axial CT scan cut showing the linear measurement 
of the maximal corneal projection, by extending a line 
between the corneal surface and the superior orbital 
fissure.
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projection (Y value) and the change (decrease) in the 
orbital volume following reconstruction (X value) 
(Figure 5) with a correlation coefficient; R value 
of 0.82 which indicates this strong correlation as 
illustrated in figure 6. The value of R2, the coefficient 
of determination is 0.67. The P value was 0.0125 
which was significant at levels < 0.05. Regression 
Analysis showed that the relation between the 
changes in orbital volume (X) and orbital projection 
(Y) could be represented by the following equation: 

Y= 0.2649 X + 1.105

TABLE (1) A table explaining the significance of R 
values in Pearson’s correlation coefficient, 
where values above zero indicate a 
positive correlation between the variables. 
An R value rangeing from 0.8-1 suggests 
a strong correlation between variable.12

Coefficient r

 Positive Negative

Strong 1 to 0.8 -0.8 to -1

Moderate 0.8 to 0.5 -0.5 to -0.8

Weak 0.5 to 0.3 -0.3 to 0.5

No Correlation 0.3 to 0 0 to -0.3

DISCUSSION

Cases of orbital fractures presenting late for 
treatment are more complicated than those present-
ing early since there is an added factor which is the 
increased adhesion and scarring of the periorbital 
soft tissues. Therefore, it was important to investi-
gate whether reconstruction of the orbital volume in 
delayed cases would still positively affect the globe 
position or not.

The use of CT scans has proven to be useful in 
careful examination and accurate measurements 
involving the orbital walls13. It’s can protect the 
patient from an undue surgical exploration, as the 
CT scan reveals accurately even the fractures of 
the thinnest of all which is the medial wall of the  
orbit 14.

In this study standardization of the calculated 
orbital volume was ensured by segmenting the 
area contained within the bony orbital cavity and 
using a poly-planar cutting plane, which followed 
the superior and inferior orbital margins, all tissues 
beyond the bony margins were separated , thereby 
making sure that only the orbital bony volume 
had been calculated. This is a novel technique not 
mentioned in previous reports.

The corneal projection measurements depended 
on two points that are guaranteed intact in all included 
cases. Measurements of the corneal projection using 
Hertel exophthalmometers as reported before might 
not be optional in cases where the lateral orbital 
margin is severely displaced.

The present study has shown that the decrease 
in orbital volume correlates to the increase in the 
corneal projection and correction of enopthalmos as 
observed in the scatterplot and that this correlation 
is strong as denoted by the R value; 0.82. The results 
showed a statistically significant correlation with P 
value < 0.05 i.e the relationship between the two 
variables (volume and projection) is significant. 

Fig. (5) Scatterplot and line of best fit for orbital volume vs 
orbital projection changes.
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In the current study the correlation was 
performed between the surgically reconstructed 
orbital volume and the      post-operative correction 
of enophthalmous, Ye et al15 and Kolk et al16 too, 
correlated the post-operative values. Whitehouse et 
al17, Raskin et al18 and Fan et al19 on the other hand 
correlated the clinically presenting pre-operative 
enophthalmous to the increase in the orbital volume 
due to trauma preoperatively. 

The mean orbital volume decrease in the present 
study was 4.27cm3 ±3.60 while the mean increase 
in corneal projection was 2.24mm ±1.16. Ye et 
al15 had comparable means, with a mean decrease 
in volume of 4.08 ±2.45 cm3 and the decrease in 
enophthalmous was 1.19 ±1.05mm. Using the mean 
decrease in volume in the regression equation can 
be explained as follows, a 4.27 cm3 decrease in 
volume would result in a 2.21 mm improvement 
in the corneal projection. Ye et al15 on the other 
hand reported that for a 2mm of correction of 
enophthalmous the orbital volume need a 2.86 cm3 

of volumetric correction.

Whitehouse et al17 presented their regression 
analysis of a sample of their cases as follows; 
E=0.77V-0.68, while Fan et al19 as follows; 
E=0.89V±0.08 (where E = Enophthalmous in mm 
and V= Orbital volume in cm3). In the interpretation 
of their results Whitehouse et al17 reported that every 
1cm3 increase in volume corresponded to 0.8mm of 
enophthalmous, while Fan et al19 mentioned that 
every 1cm3 increase due to trauma led to an 0.89 
mm enophthalmous. 

Similarly, Jin et al14 reported an 0.85mm 
correction of enophthalmos and Kolk et al16  reported 
an 0.93 mm enophthalmous for every 1cm3, while 
Raskin et al18 reported an 0.47 mm enophthalmos 
corresponding to each 1cm3 change in volume.

All the aforementioned studies agreed upon the 
strong correlation between enophthalmous and the 
changes that occur in the orbital volume, with R 
values ranging from 0.8 to 0.95.

CONCLUSIONS

From the current study we can conclude that 
even in delayed cases the accurate reconstruction of 
the bony walls resulting in a decrease in the orbital 
volume is an important factor in correcting post-
traumatic enophthlamos, as both variables show a 
strong correlation to each other.
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