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Correction of post-traumatic enophthalmos with
anatomical absorbable implant and iliac bone graft

Ji Seon Choi,
Se Young Oh,
Hyung-Sup Shim

Background: Trauma is one of the most common causes of enophthalmos, and post-traumatic
enophthalmos primarily results from an increased volume of the bony orbit. We achieved good
long-term results by simultaneously using an anatomical absorbable implant and iliac bone graft
to correct post-traumatic enophthalmos.

Methods: From January 2012 to December 2016, we performed operations on seven patients
with post-traumatic enophthalmos. In all seven cases, reduction surgery for the initial trauma was
performed at our hospital. Hertel exophthalmometry, clinical photography, three-dimensional com-
puted tomography (3D-CT), and orbital volume measurements using software to calculate the spe-
cific volume captured on 3D-CT (ITK-SNAP, Insight Toolkit-SNAP) were performed preoperatively
and postoperatively.

Results: Patients were evaluated based on exophthalmometry, clinical photographs, 3D-CT, and
orbital volume measured by the [TK-SNAP program at 5 days and 1 year postoperatively, and all
factors improved significantly compared with the preoperative baseline. Complications such as
hematoma or extraocular muscle limitation were absent, and the corrected orbital volume was
well maintained at the 1-year follow-up visit.

Conclusion: \We present a method to correct enophthalmos by reconstructing the orbital wall us-
ing an anatomical absorbable implant and a simultaneous autologous iliac bone graft. All cases
showed satisfactory results for enophthalmos correction. We suggest this method as a good op-
tion for the correction of post-traumatic enophthalmos.
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INTRODUCTION

Enophthalmos is defined as posterior displacement of the eye-
ball due to volume changes in the bony orbit. It occurs when
the balance between the bony orbit and the orbital contents (i.e.,
the globe, orbital fat, and muscular and ligamentous support) is
disrupted [1]. Two to three millimeters of enophthalmos is
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clinically detectable, and more than 5 mm is disfiguring [2].
Enophthalmos can occur for a variety of reasons; enlargement
of the orbital bony volume is a major cause, and another con-
tributing factor is a decreased volume of orbital structures due
to atrophy of the soft tissue in the orbit. Enophthalmos can be
caused by congenital factors or by trauma, and post-traumatic
enophthalmos accounts for the majority of cases. Furthermore,
enophthalmos is the most common type of facial malformation
that occurs after trauma, most likely as a sequela of facial frac-
tures involving the orbit.

Many conventional strategies are currently used to correct
post-traumatic enophthalmos. In addition to correction of the
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bony orbit, various other correction methods have been intro-
duced, such as autogenous bone grafts, cartilage grafts, and the
insertion of artificial prostheses (using absorbable or nonab-
sorbable materials). The choice of graft or implant material var-
ies depending on the size and location of the defect, the curva-
ture of the fractured orbit, the condition of the sinus, and the
donor site preference of both the surgeon and the patient. Re-
cently, various authors have proposed a calibration method us-
ing various artificial implant materials, such as polyethylene
(Medpor), silicone-sheet implants, titanium mesh, metallic
plates, and absorbable implants. In addition, several correction
methods are available for autologous tissue, including bone
grafts, diced cartilage grafts (nasal septal cartilage or costochon-
dral cartilage), and fat injection [3-5]. However, each method
has limitations, and controversy remains regarding which
method is best.

We obtained good results in the correction of post-traumatic
enophthalmos by simultaneously using an anatomical absorb-
able implant and an iliac bone graft. We propose this method as
a useful approach for enophthalmos correction.

METHODS

The Internal Institutional Review Board of the Korea National
Institute of Bioethics Policy approved this study. From January
2012 to December 2016, a total of seven patients with post-
traumatic enophthalmos underwent surgery at a single center.

Table 1. Patient characteristics
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Patients who had a history of bony orbit trauma and an en-
larged orbital cavity due to displacement of the orbital wall were
included. To accurately measure the degree of improvement,
only patients with unilateral injuries were included, with the
exception of case 7, in which the patient presented with bilateral
eyeball injury after the initial trauma, but had a more severe in-
jury on the left side. As a result, left enophthalmos developed.
After the initial trauma, surgical repair of the right-side orbital
wall fracture was performed. The right orbit was reconstructed
to its normal anatomical morphology and we judged that it
could be compared with the left orbit where enophthalmos oc-
curred. Patients with a history of an operation to correct en-
ophthalmos at other hospitals after the trauma and patients
with underlying diseases that could affect orbital volume, such
as thyroid disease, were excluded.

There were five male and two female patients, with a mean
age of 39.7 years. The mean follow-up period was 1 year and 4
months. In five cases, the initial trauma was accompanied by
trauma of other facial bones in addition to fracture of the orbit-
al bone. Two cases had only an orbital bone fracture. There
were four cases of multiple orbital bone fractures, and three
cases had an orbital bone fracture on only one side. Reduction
surgery for the initial trauma was performed at our hospital in
all cases (Tables 1, 2).

In all patients, Hertel exophthalmometry and three-dimen-
sional computed tomography (3D-CT) were performed preop-
eratively, 5 days postoperatively, and 1 year postoperatively.

Patientno. Age (yr)  Sex Mechanism of injury

Associated injury site

Initial injured orbital wall Initial surgery

1 18 M Motorcycle TA Left anterior and posterior table of Left medial wall & floor Open reduction and internal fixation with
frontal sinus Left orbital roof metallic plates and screws
Left zygoma Left lateral wall Open reduction with absorbable mesh plate
Left maxilla insertion
Left mandible nasal bone
2 41 M Injury by fallen laminated  Left anterior and posterior table of ~ Left medial wall Open reduction with absorbable mesh plate
wood frontal sinus Left orbital roof insertion
3 47 M Kicking in the middle of NS Right medial wall & floor Open reduction with absorbable mesh plate
Taekwondo insertion
4 52 F Fistinjury NS Left floor Open reduction with Medpor insertion
5 45 M Hit by a baseball Right infraorbital rim Right floor Open reduction and internal fixation with
absorbable plates and screws
Open reduction with Synpor insertion
6 56 F Pedestrian TA Right zygoma Right medial wall & floor Open reduction and internal fixation with
absorbable plates and screws
Open reduction with absorbable mesh plate
insertion
7 19 M Motorcycle TA Left zygoma Both floor Open reduction and internal fixation with

Right infraorbital rim
Right orbital bone

absorbable plates and screws
Open reduction with absorbable mesh plate
and artificial bone graft

M, male; F, female; TA, traffic accident; NS, not significant.
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Table 2. Patient characteristics

Interval between Interval between initial

Patient no. injury and initial  surgery and enophthalmos  Follow-up period
reduction surgery correction surgery

1 1.5 wk 10.5 mo 1yr

2 1.5 wk 9 mo 1yr3mo
3 6 mo 9 mo 1yr

4 2 wk 11yr11 mo 1yrémo
5 1.5 wk 11 mo 1yrémo
6 1.5 wk 1yrdmo 1yrémo
7 1.5 wk 9 mo 2yr

Clinical photography was performed before and after surgery.
We compared the maximal degree of orbital wall depression on
preoperative and 1-year postoperative 3D-CT compared with
the healthy side (Fig. 1). The orbital volume was measured us-
ing the Insight Toolkit-SNAP (ITK-SNAP) software version 3.8
(Paul Yushkevich, Ph.D., University of Pennsylvania and Guido
Gerig, Ph.D., University of Utah, USA) before the operation and
at 1 year postoperatively. ITK-SNAP was used to analyze axial
CT images by measuring the orbital area in each slice. In the
program, the 3D morphology of the orbit is created using axial,
coronal, and sagittal images. The total orbital area in each axial
slice was bounded on each side by the medial and lateral orbital
walls. Anteriorly, a line was drawn between the inner aspect of
the orbital rim on each side. In the slices at the level of the me-
dial canthus, a line was drawn between the lateral orbital rim
and the anterior lacrimal crest. Posteriorly, a line was drawn
across the openings of the orbital fissures and the optic canal
(Supplementary Fig. 1).

The operation was performed under general endotracheal an-
esthesia and the incision was planned according to the part of
the orbital wall that was most extensively involved. If the floor
was the site of primary involvement, we approached the perios-
teum of the orbital rim using a subciliary incision. The de-
pressed orbital floor was explored, the periosteum was elevated
using a periosteal elevator, and the involved orbital wall was
then completely exposed to subperiosteal dissection. At the
same time, iliac bone was harvested en bloc, and the harvested
amount was estimated using preoperative 3D-CT. A linear inci-
sion (6-8 cm) was made along the iliac crest from 2 cm posteri-
or to the anterior superior iliac spine for the iliac bone graft. Af-
ter releasing the abdominal musculature, the anterior iliac crest
was exposed, with careful attention to prevent lateral femoral
cutaneous nerve and vessel injury. Cancellous bone and corti-
cocancellous strips were harvested in an en bloc manner, in-
cluding the bone marrow, using an electrical saw and manual
osteotome. The defects varied in size, with an average size of
3.0x3.0x 1.5 cm. The external contour of the ilium remained
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Fig. 1. Evaluation of the maximal depression point of the orbital
wall on a coronal section of computed tomography compared with
the contralateral side.

unaffected. The harvested bone was carved according to the 3D
morphology of the defects as shown on preoperative 3D-CT.
The estimated initial anatomical morphology of the affected
orbit was modeled based on the patient’s uninjured side, and
the resultant hypothetical size of the bone graft was set as the
size for calculating the bony defect in the axial, coronal, and
sagittal planes on preoperative CT. After cutting the iliac bone
to a size slightly larger than the measured defect size, the inner
lining of the bone graft was carved into a curved shape and del-
icately adjusted to the contour of the orbit, as checked in the
operating room. The new bony orbital wall was constructed us-
ing iliac bone, and the inner lining of the orbital wall was made
using an anatomical absorbable implant of PLLA/PGA copoly-
mer, LactoSorb sheet (Lorenz/Biomet, Jacksonville, FL, USA).
We trimmed the anatomical absorbable implant to match the
shape of the defect area based on the preoperative 3D-CT scan.
First, the carved iliac bone graft was inserted into the defect
area. The anatomical implant was then inserted between the
bone graft and the ocular contents to create the inner lining of
the orbital wall. The slightly empty area between the implant
and the bone graft was filled with bone marrow particles ob-
tained while harvesting the iliac bone graft. To prevent dis-
placement of the inserted plate, fixation was performed using
absorbable screws on the infraorbital rim. The incision was
then closed and a suction drain was inserted if necessary. If re-
quired, a suction drain was also inserted at the iliac bone graft
site, which was closed layer by layer (Fig. 2).

RESULTS

Exophthalmometry, clinical photographs, and 3D-CT were
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Fig. 2. Operative procedure. (A) The orbital rim was exposed through a subciliary incision. The involved orbital wall was completely exposed
for subperiosteal dissection. A carved iliac bone graft and an anatomical absorbable implant were inserted into the defect area. The anatomical
implant was inserted between the bone graft and the ocular contents to create the inner lining of the orbital wall. We fixed the anatomical ab-
sorbable implant onto the infraorbital rim using absorbable screws (arrow). (B) The iliac bone graft and anatomical absorbable implant were
trimmed to be slightly larger than the defect. The iliac bone graft was further carved and attached to the undersurface of anatomical absorbable

plate to just fit the area of the bone defect. (C) The iliac bone graft was attached to the undersurface of the anatomical absorbable plate.

taken routinely before the operation and at 5 days and 1 year
after operation. The ITK-SNAP program was used to calculate
the orbital volume preoperatively and 1 year postoperatively,
and the preoperative and postoperative results were compared.
The mean preoperative difference in exophthalmometry was 4
mm, which improved to a mean of 1.57 mm at 5 days postop-
eratively. At 1 year, postoperatively, the mean difference in ex-
ophthalmometry was 1.71 mm, indicating that the postopera-
tive results remained stable compared with results at 5 days
postoperatively. The mean preoperative orbital volume mea-
sured using ITK-SNAP was 37.56 cm’ and the mean postopera-
tive orbital volume at 1 year postoperatively was 32.56 cm’. The
rate of orbital volume on injury side compared to normal side
decreased by 16.24%. All data showed statistically significant
differences. A comparison of the preoperative and postopera-
tive clinical photographs showed that all patients obtained sat-
isfactory esthetic results (Tables 3, 4).

Complications such as retrobulbar hematoma and limited eye
movement were not observed. Bony reabsorption was not ob-
served and the correction of enophthalmos was well main-
tained on 3D-CT scans at 1 year after the operation. There was
no recurrence of enophthalmos. Two representative cases are
presented below.
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Case 1 (patient no. 2)

A 41-year-old man suffered a fracture of the left medial orbital
wall, supraorbital rim, orbital roof, and anterior and posterior
table of the frontal sinus from an injury inflicted by fallen lami-
nate wood. Open reduction using an absorbable mesh plate was
performed. After 8 months, the patient visited our hospital for
the correction of post-traumatic enophthalmos. A 3D-CT eval-
uation revealed left-sided enophthalmos (6 mm lower than the
normal side). Surgery was performed through a subciliary inci-
sion. Iliac bone was harvested (3.0 x2.5x 0.6 cm) and carved
into an anatomically suitable shape (2.0 x 1.0 x 0.6 cm) to fit the
defect size. Postoperative complications were not observed. The
patient was discharged at 10 days postoperatively without spe-
cific complications. The preoperative difference on exophthal-
mometry was 6 mm, which improved to 3 mm postoperatively.
The correction of enophthalmos and the patient’s esthetic ap-
pearance were also satisfactory (Figs. 3, 4).

Case 2 (patient no. 5)

A 45-year-old man suffered a right orbital floor and infraorbital
rim fracture due to being hit by a baseball. At 1.5 weeks after
the injury, the orbital fractures were repaired with Synpor and
open reduction using absorbable plates and screws. After 11
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Table 3. Measurement of preoperative and postoperative exo-ophthalmometer and maximal depression

Difference of Difference of

Difference of Maximal depression Maximal depression

Patient no. Age (yr) Sex exo-ophthalmometer/  exo-ophthalmometer/  exo-ophthalmometer/ degree of orbital wall on degree of orbital wall on
pre-op (mm) post-op 5 day (mm) post-op 1 yr (mm) 3D CT/pre-op (mm) 3D CT/post-op 1 yr (mm)

1 18 M 5 2 3 5 2

2 41 M 6 3 3 7 2

3 47 M 6 1 1 5 1

4 52 F 3 1 1 4 1

5 45 M 5 3 3 5 2

6 56 F 2 1 1 3 1

7 19 M 1 0 0 1 0

Mean 4 1.57 1.71 4.28 1.28

op, operative; 3D CT, three-dimensional computed tomography; M, male; F, female.

Table 4. Measurement of preoperative and postoperative orbital volume

Orbital volume: injury Rate of orbital volume on injury Orbital volume: Rate of orbital volume on injury Difference of rate:

Patient no. side/normal side, side compared to normal side, injury side/normal side, side compared to normal side,  (rate at post-op)—(rate at pre-op)
pre-op (cmd) pre-op (%) post-op 1 yr (cm?) post-op (%) (%)
1 49.03/38.25 128.13 40.24/37.85 106.31 —21.82
2 46.45/36.74 126.42 38.82/36.82 105.43 —20.99
3 39.17/36.20 120.52 35.69/36.15 98.72 —21.80
4 39.15/32.50 120.46 33.52/32.83 102.13 — 8188
5 41.83/37.20 112.44 36.95/36.90 98.97 —-13.47
6 23.18/20.24 114.52 20.70/20.11 102.93 —11.59
7 24.12/22.10 110.45 22.01/21.01 104.75 -5.70
Mean 37.56/31.89 118.99 32.56/31.86 102.74 —16.24

op, operative.

months, the patient wanted correction for post-traumatic en-
ophthalmos. A 3D-CT evaluation revealed right-side enoph-
thalmos (5 mm lower than the normal side). Surgery was per-
formed through a subciliary incision. Iliac bone was harvested
as needed (3.2x2.3x 1.0 cm) and the harvested iliac bone was
carved and trimmed to fit the defect size (3.1 x2.0x 1.0 cm).
Postoperative complications were not observed. The patient
was discharged 10 days after the operation without specific
complications. The preoperative difference on exophthalmom-
etry was 5 mm, which improved to 3 mm postoperatively. The
correction of enophthalmos and the patient’s esthetic appear-
ance were satisfactory (Figs. 5, 6).

DISCUSSION

Enophthalmos is caused by bony orbital volume enlargement
due to bone fracture or orbital soft tissue atrophy. These factors
can cause enophthalmos by contributing to posterior globe dis-
placement [6]. Most cases of severe enophthalmos simultane-
ously involve both orbital volume enlargement due to a bone
fracture and orbital soft tissue atrophy [7]. Surgical treatment of
post-traumatic enophthalmos poses a high risk of damaging

the optic nerve, orbit, and related structures during surgery;
therefore, this treatment is considered to be technically difficult
due to surgeons’ fear regarding these risks. However, corrective
surgery is necessary because enophthalmos often causes mal-
formations, and if untreated, it may cause functional problems
such as binocular diplopia. The correction of enophthalmos
aims to restore the volume of the orbit and the position of its
contents to improve both function and shape [1].

Various treatment methods for ocular depression have been
reported. One method employs orbital wall reconstruction us-
ing osteotomy. Another option is to implant artificial materials
or autologous tissue to replace the reduced orbital soft tissue.
This approach can also be done by reducing the enlarged orbit-
al volume by implanting artificial materials or autogenous bone
or cartilage to replace the bony structure of the orbit.

Many surgeons consider enlargement of the orbital volume by
displaced fractures as one of the major etiologies of enophthal-
mos and have corrected enophthalmos through bony structure
reconstruction using osteotomy [7]. However, in enophthalmos
caused by complicated facial bone trauma of the orbitozygo-
matic complex, not only is the orbital wall depressed, but the
zygomatic bony structure itself is also distorted, which makes
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Fig. 3. Case 1 (patient no. 2), preoperative clinical photographs and computed tomography scan. (A, B) Preoperative clinical photographs, an-
teroposterior and worms eye view. Evident hypoglobus and enophthalmos with sunken upper eyelid deformity were observed. (C, D) Preopera-
tive computed tomography scan, coronal and axial section. The old orbital floor and medial wall fracture were observed on the left side.

Fig. 4. Case 1 (patient no. 2), postoperative clinical photographs and computed tomography scan. (A, B) Postoperative clinical photographs, an-
teroposterior and worm’s eye view. Fullness of the upper eyelid can be observed and enophthalmos improved significantly. (C, D) Postoperative
computed tomography scan, coronal and axial section. The iliac bone graft was inserted into the orbital floor and medial wall. The orbital wall
was reconstructed relatively symmetrically compared to the healthy orbital lining.

Fig. 5. Case 2 (patient no. 5), preoperative clinical photographs and computed tomography scan. (A, B) Preoperative clinical photographs, an-
teroposterior and worm’s eye view. Hypoglobus and enophthalmos were evident on the left side. (C, D) Preoperative computed tomography
scan, coronal and sagittal section. The old orbital floor fracture was evident.
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Fig. 6. Case 2 (patient no. 5), postoperative clinical photographs and computed tomography scan. (A, B) Postoperative clinical photographs, an-
teroposterior and worm’s eye view. Enophthalmos and hypoglobus had improved significantly. (C, D) Postoperative computed tomography scan,
coronal and sagittal section. The iliac bone graft was inserted into the orbital floor. Relatively good symmetry of the globe position was obtained.

the correction method much more complicated. In these cases,
new osteotomy can be attempted on the posterior orbital wall.
However, the interior orbit is a difficult anatomical area to ap-
proach and it can only be exposed to a limited degree. The risk
of damaging the optic nerve and eye globe toward the posterior
orbit makes it difficult to conduct a proper exploration. For
these reasons, failure to reconstruct the original bone anatomy
often occurs. Aside from it being practically difficult to achieve
adequate anatomical bony reduction, another confounding fac-
tor is the actual cause of enophthalmos. Although bony volume
expansion has been widely accepted as a major etiological cause
for enophthalmos, it is not the only relevant causative factor.
Many studies have shown that reduction of the orbital soft tis-
sue is an important cause of enophthalmos. Repositioning of
the surrounding bony segment by osteotomy can reduce the
orbit volume, but completely correcting the posterior displace-
ment of the orbit caused by scarring and atrophy of soft tissue
in the orbit is difficult. Thus, volume manipulation should be
considered as a major part of the treatment strategy.

Many surgeons have searched for the most appropriate surgi-
cal method for correcting enophthalmos in addition to correct-
ing the anatomical bony structure with osteotomy. Various sur-
gical methods have been reported, including the use of artificial
alloplastic implants and autologous tissue. Correction methods
using artificial alloplastic implants have been widely reported.
Nonabsorbable materials have been used in these methods,
such as polyethylene (Medpor), silicone-sheet implants, and ti-
tanium mesh. These are easy to adapt to complex orbital struc-
tures, can be readily shaped into the desired configurations, and
have the advantage of providing sufficient volume for enoph-
thalmos calibration alone. However, since they remain as per-
manent foreign bodies, several late-onset complications have

been reported, such as infection, extrusion, implant migration,
and residual diplopia [8]. Fortunately, we have not experienced
any such complications.

To overcome the obstacles presented by these nonabsorbable
materials, the use of absorbable materials has recently been re-
ported. Absorbable materials include hydroxyapatite, poly-L-
lactide plates, poly-glycolide, and their composites. Absorbable
plates are relatively soft, easy to manipulate, and show complete
reabsorption, leaving no foreign material in the human body.
However, because most absorbable materials are thin, they may
not be sufficient to provide the volume needed for enophthal-
mos correction alone. After thorough resorption of the plate,
the connective tissue around the absorbable plate is replaced by
areas of fibrosis that may support the orbital structure. Howev-
er, some studies have reported that the connective fibrotic tissue
around the absorbable mesh plate cannot completely replace
the original bony structures after resorption of the plate, mainly
in the central portion of the defect. In these cases, enophthal-
mos may not be sufficiently corrected and may recur [9].

Notably, because most alloplastic implants are rigid, whether
absorbable or nonabsorbable, fully adapting the shape of the
implant to the anatomy of the orbit is difficult. Therefore, after
insertion of the implant, there must be an empty space between
the implant and the orbit. This is also a reason why the volume
change of the orbit after implant insertion is not completely
predictable [10].

Therefore, we presented a method of correcting enophthal-
mos by reconstructing the orbital wall using an alloplastic ab-
sorbable implant and autologous iliac bone graft simultaneous-
ly. We used the LactoSorb sheet (Biomet Microfixation System,
resorbable PLLA/PGA copolymer) and an iliac bone graft.

Autologous grafts have been reported by other authors, using

367



Choi JSetal. Correction of post-traumatic enophthalmos

cartilage or fat in addition to bone. Hunter and Baker success-
fully corrected enophthalmos by performing a fat injection
within the intramuscular cone. However, Hunter and Baker [3]
reported that injecting nonpurified fat into the retrobulbar
muscle cone yielded good results overall, but a high reabsorp-
tion rate. In many cases, recurrence has been reported after
massive fat transplantation. Surgical methods using cartilage
transplantation have also been reported, but cartilage is more
flexible than bone, and it is difficult to support the orbital struc-
tures using cartilage.

In contrast, autologous bone has the following advantages: it
can be harvested from various donor sites, such as calvarium,
iliac bone, rib bone, and mandibular symphysis; it is hard
enough to support the orbital structures; it is easily obtainable;
and the resorption rate is also lower than that of cartilage or fat.
Iliac bone has been used as a graft material in many types of
surgery because it has a low donor site morbidity, can be used
to harvest enough bone for enophthalmos correction, and re-
sults in a hidden surgical scar. The calvaria is also widely used
as a donor site for harvesting large bone grafts. Compared with
the calvaria, iliac bone is easier to obtain and, using a two-team
surgical approach, can be performed simultaneously with en-
ophthalmos correction surgery, saving operating time. In addi-
tion, the suitability of calvarial bone grafts remains controver-
sial because of the possibility of neurological sequelae during
the harvest process. Since the iliac bone is rough, it can injure
the nerves or blood vessels of the orbit and cause discomfort
during eyeball movement after surgery. Thus, an absorbable
plate was inserted between the iliac bone graft and the orbital
structure. We previously published a report on the reconstruc-
tion of large orbital floor defects using artificial bone substitutes
and absorbable plates simultaneously. The postoperative dis-
comfort and temporary diplopia incidence rate were very low
because the absorbable plate helped to smooth the inner lining
of the orbital wall. In addition, absorbable plates are considered
appropriate for maintaining long-term orbital wall lining [11].
In the cases presented in that report, we used artificial bone
substitutes, which provided sufficient volume to cover small
defects such as orbital wall fractures, but would be insufficient
to provide the volume needed for enophthalmos correction;
furthermore, that technique would not be cost-effective. Since
artificial bone is softer than autologous bone, it is likely to pro-
vide weaker support of the orbital structure. We experienced a
case of enophthalmos after repair of an orbital wall fracture us-
ing artificial bone. However, no cases of recurrence were ob-
served after this procedure with enophthalmos correction using
autologous bone.

Since the iliac bone graft and absorbable plate are solid, an
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empty space is inevitably created between the iliac bone graft
and absorbable plate. However, inserting the diced bone mar-
row chip into this space could ideally compensate this gap. Us-
ing an autologous bone graft and alloplastic absorbable plate at
the same time, it was possible to overcome all the possible dis-
advantages of these materials when used separately, and to ob-
tain all the advantages. Notably, one assumption may be that
additional time is required to harvest the iliac bone. However,
with an experienced surgeon and trained assistant, this delay
can be sufficiently offset by the advantages of an autologous
graft.

A limitation of this approach is that, like many autologous
grafts, it is difficult to predict the survival and resorption rate of
grafted bone. The survival rate of bone grafts is higher than that
of other types of grafts, as the contact area with the recipient
bone is large. In patients with post-traumatic enophthalmos,
orbital bone is often lost during the injury, so insufficient con-
tact with autologous bone is inevitable. Therefore, enophthal-
mos may recur during long-term follow-up due to absorption
of graft tissue after surgery. Another limitation of this study is
that it remained unknown whether enophthalmos recurred af-
ter 1 year because the follow-up results only extended up to 1
year. It is also difficult to carve bone in a way that precisely fits
the defect size of the orbit wall. Therefore, it is challenging to
obtain a perfect fit for the anatomy of the orbit. However, as an
autologous graft, this strategy can be considered to have many
advantages in terms of compensating for the disadvantages of
artificial materials, such as foreign body infection, extrusion,
implant migration, and residual diplopia. In addition, 3D-CT
was used to minimize the possible errors that could occur be-
fore designing the graft.

There were no cases of complications such as recurrence of
enophthalmos, hematoma, limitations of extraocular eye move-
ment, and discomfort, even at the 1-year follow-up. All cases
showed satisfactory results for enophthalmos correction. We
suggest a surgical method using an anatomical absorbable im-
plant and an iliac bone graft as a good option for the treatment
of post-traumatic enophthalmos.
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