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Introduction

Orbital wall reconstruction is an integral component in facial fracture 
repair, aiming to restore orbital wall anatomy, volume and function. 
The goal in orbital wall reconstruction is to prevent posttraumatic 
sequels, such as bulb malposition and diplopia [1–3].

While reconstruction of the orbit with orbital wall implants serves 
to prevent deformity and functional loss, the surgical treatment itself 
may lead to debilitating functional and aesthetic complications. 
Incorrect sizing, shaping and placement of implants may lead to 
inadequate restoration of orbital configuration and volume, as well as 
interference with extraocular muscles or cranial nerves [4]. The 
surgical access through the eyelid may also lead to complications 
related to eye-lid scaring [5]. Final outcomes are based on a 
comprehensive assessment of ocular and peri-orbital function and 
aesthetics. In patients with posttraumatic deformity or functional 
deficits, secondary surgery may be indicated [6].

Malplaced orbital wall implants visualised on postoperative 
computed tomography (CT) images may necessitate early re-
intervention [7]. In the last two decades, there has been a strong 
development of computerised technologies for virtual surgical 

planning, navigation assisted surgery and intraoperative image 
analysis, all aiming to increase reconstructive precision, clinical 
outcomes and reducing the rate of re-operations [8]. However, there 
is a paucity of published reports with thorough analysis of the type, 
timing and causes of complications, re-intervention and secondary 
surgery after free-hand orbital fracture repair, without the use of 
aforementioned computerised technologies.

The purpose of this study was to describe outcomes of 
reconstructions with orbital implants, with emphasis on type of 
complications and re-interventions.

Material and methods

This treatment evaluation study of orbital floor fractures was 
approved by the committee of ethical vetting, Dnr 2016/405.

Subjects

Patients treated for facial fractures involving the orbit at the 
Department of Plastic and Maxillofacial Surgery, Uppsala University 
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Hospital, from 2011 to 2016, were retrospectively studied. The inclu-
sion criteria for the study were fractures reconstructed with orbital 
implant to orbital floor or orbital floor and medial wall combined. 
Patients lacking pre- and/or postoperative CT imaging and patients 
reconstructed with non-radiopaque implants or grafts were excluded 
from the study. Post-operative CT was habitually performed within 24 
h of surgery to control the implant position. The routine clinical follow 
up was at 1 to 3 months after surgery. Patients with any residual 
symptoms were followed additionally for at least 6 to 12 months. Six 
of the patients (6%) were lost to clinical follow-up and therefore 
excluded from clinical outcome analysis. The data were collected 
from the charts in 2019, 3 years after the last performed surgery, which 
enabled a minimum of 3-year follow-up regarding complications.

Overall, 92 patients operated for orbital floor fractures with 
radiopaque implants were identified during the study period 2011–
2016. These surgeries were performed by three plastic surgeons. In 
total, two patients were excluded from participation in the study. One 
patient was excluded because of a second time fracture of the same 
orbit, and another patient was excluded because of lack of post-
operative CT. As three of the 90 remaining patients had bilateral 
orbital reconstructions, 93 orbits were left for analysis.

Data collection

The patients were identified through ICD-10 coding from the data-
base for surgical planning. Patient data were collected from the elec-
tronic medical charts. The following data were included: age, sex, 
co-morbidity, preoperative assessments, perioperative data, re-inter-
ventions and clinical follow-up.

Eye position, ocular motility, stereovision and subjective visual 
impairment were clinically assessed by a plastic surgeon. All patients 
with ophthalmic symptoms were also assessed for associated ocular 
injuries by an ophthalmologist. In total, 59 (66%) patients were 
assessed by an ophthalmologist preoperatively. Based on all 
documented assessments, the findings were dichotomised as present 
or absent for the sake of this study. These data were missing in eight 
patients preoperatively, five of which because of intubation and 
sedation for severe brain injury.

Preoperative CT scans were examined, and orbital fractures were 
classified as isolated, zygomaticomaxillary (ZMC) or more complex. 
Isolated fractures were defined as fractures with an intact orbital rim 
or with a non-dislocated rim fracture not requiring reduction and 
osteosynthesis. In isolated orbital fractures, indications for surgery 
were CT-verified orbital fracture with ocular dysmotility because of 
mechanical extraocular muscle interference or orbital volume 
expansion where development of enophthalmos could be expected 
based on surgeons’ experience or was already present. More complex 
fractures were defined as orbital floor fractures with a dislocated 
orbital rim or ZMC fractures with additional facial fractures.

Based on the postoperative CT-scan images, the orbital implants 
maximum parasagittal depths from the infraorbital rim were measured 
in sagittal view. The orbital implants were also categorised according to 
the covering of the orbit as orbital floor or combined orbital floor-medial 
wall based on the CT images. The malplaced implants were evaluated 
and described qualitatively in all reoperated patients as too high or too 
low posteriorly and whether the implants were too long or too short for 
an optimal anatomical reconstruction. In addition, the CT images were 
examined to see whether any muscle interference could be seen.

Patients

Mean age at the time of injury was 46 years (range 16–82). The male 
to female ratio was 2:1. The most common cause of trauma was 

assault followed by falls and motor vehicle accidents (Table 1). Mean 
time from trauma to surgery was 11 days (range 1 to 58 days) and the 
median 10 days. In 73 patients (81%), surgical treatment was pre-
formed within the first 14 days after trauma. Fifty (54%) of the orbital 
fractures were isolated, 13 (14%) were ZMC and 30 (32%) were classi-
fied as more complex (Table 2).

Surgical procedures

The preferred access to the inferior orbit was a pre-septal transconjunc-
tival approach (89%), without lysis of the inferior limb of the lateral can-
thal attachment. Four operations were performed through a subciliary 
lower eye lid approach and one through a midlid incision. When more 
extensive exposure of the medial wall was required, a transconjuncti-
val-transcaruncular approach was chosen in three cases. Twenty-one 
patients also had a bicoronal flap for access of the facial fractures.

The implants used were Medpore with titanium mesh (Stryker 
Leibinger) or solely titanium mesh (Synthes MatrixMIDFACE). All 
implants were screw fixated. In cases where the defect extended over 
both the orbital floor and lower half of the medial wall, a single 
combined implant was used to reconstruct the defect. More 
comprehensive defects were reconstructed with two implants. A 
single implant was used in 95% of the orbital reconstructions. Two 
implants were used in five cases (5%), all but one of them had complex 
fractures. In one patient, an extra porex sheet without titanium was 
placed above the implant to reduce orbital volume.

Total and partial orbital volume measurement

Total and partial orbital volumes were measured after the primary 
and secondary reconstruction on the unaffected and the affected 

Table 1. Patient demographics (n = 90).
Patient characteristics n (%)

Male 59 (66)
Female 31 (34)
Age in years, mean (range) 46 (16–82)
Trauma mechanism, n (%)
Assault 27 (30)
Fall < 2 m 19 (21)
Fall > 2 m 4 (4)
Motor vehicle 11 (12)
Bicycle 8 (9)
Sport 7 (8)
Horseback riding 5 (6)
Other 9 (10)
Traumatic brain injury, n (%) 8 (9)

Table 2. Fracture type, implant specification, access and eyelid complication 
of the 93 orbital fractures.
Category Primary surgery only 

73 (81)
Reoperated

20 (22)
Total

93 (100)

Fracture type
Isolated orbital floor 42 (58) 8 (40) 50 (54)
Zygomaticomaxillary 10 (14) 3 (15) 13 (14)
More complex 21 (29) 9 (45) 30 (32)
Implant length (mm)
Mean 29.1 29.6 29.3
Median 29 29 29
Implant type
Floor 57 (78) 14 (70) 71 (76)
Floor + medial wall 16 (22) 6 (30) 22 (24)
Eyelid complication
Ectropion 1 (1) 3 (15) 4 (4)
Entropion 2 (3) 3 (15) 5 (5)
Values are presented as number (%).
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side in the patients that underwent secondary reconstruction 
because of enophthalmos. For total orbital volume, the orbit was seg-
mented in the semi-automatic segmentation software OrbSeg [9,10] 
and represented as a binary volume image. The OrbSeg software has 
been developed at the Centre for Image Analysis, Uppsala University, 
for image analysis in craniofacial research. For the purposes of the 
present study, a new data workflow was defined for measuring partial 
orbital volumes using the softwares OrbSeg 0.9.3 and ITK-SNAP 3.8.0, 
a software application used to segment structures in 3D medical 
images [10]. Firstly, in OrbSeg, five landmarks were placed onto the 
segmented orbit; three landmarks on specific voxels at the fronto-
maxillary suture (medial), the frontozygomatic suture (lateral) and at 
the most posterior centred voxel (posterior). Secondly, two landmarks 
were placed on the superior and inferior rim of the centred anterior 
orbit, their exact placement was calculated to define the symmetrical 
points between the medial and lateral landmarks. The anterior centre 
point was calculated between the two inferior and superior anterior 
landmarks. Then, four clipping planes were defined. Firstly, two clip-
ping plane reference points were defined along the line between the 
centred anterior and posterior landmarks. This defined the anterior, 
middle and posterior thirds. The segmented orbit was divided into 
partial volumes based on the two anterior-posterior clipping planes 
and the medial-lateral and inferior-superior clipping planes. As a 
result, the orbital volume was divided into 12 parts. This enabled 
analysis of volumetric changes within the orbit from three perspec-
tives: superior and inferior (divided into 1/2), anterior, mid and 

posterior (divided into 1/3) and lastly lateral and medial (divided into 
1/2) (Figure 1).

Results

Associated eye injuries and ophthalmic outcomes

Associated eye injuries were found pre-operatively in 27 (46%) of the 
patients that were assessed by an ophthalmologist due to ophthal-
mic symptoms, which amounted to 30% of all patients. The most 
common eye injury was commotio retinae, followed by corneal injury, 
hyphema and optic neuropathy (Table 3). Two patients underwent 
enucleation because of bulb perforation because of the trauma.

For the study population as a whole, the postoperative status at 
last follow-up was found to be 5% subjective visual impairment, 5% 
ocular motility limitation, 10% enophthalmos and 26% diplopia 
(Table 4). Only five patients (6%) had a clinically significant 
enophthalmos at follow-up that required secondary reconstruction.

Early complications and re-intervention

A total of 12 patients (13%) suffered an early complication that 
required surgical re-intervention within 1 month. All but one of 
these 12 complications was implant related. There were 10 
malplaced implants inside the orbit. Nine of these were detected at 
the post operative CT, and in one case restricted eye movement was 
found to be caused by a sharp edge of the implant interfering with 
the inferior rectus muscle, not detected initially on the post- 
operative CT. One implant related complication was a clinically pal-
pable implant at the inferior orbital rim. The nonimplant- related 
reoperation was because of an abscess at a traumatic wound by 
the  eyebrow, which had been used as an accessory access to the 
orbit at the primary surgery (Table  5). One patient underwent re- 
intervention twice within 1 month because of a malplaced and mal-
shaped implant.

Qualitative analysis of the 10 malplaced implants inside the orbit 
found that the posterior edge of the orbital floor implant was elevated 
in five cases and depressed in three cases in relation to the posterior 
ledge of the orbital floor defect. Muscle interference was seen in four 
cases, and in all of these cases, the muscle interference was noted 
both clinically and on CT. There were two too short implants and two 
too long implants. The too short implants both resulted in a muscle 

Figure 1. Partial orbital volumes.

Table 3. Spectrum of ocular injuries in patients seen by an ophthalmologist 
(n = 59).
Ocular injury type n (% of all)

Commotio retinae 5 (8)
Corneal injury 4 (7)
Hyphaema 4 (7)
Optic neuropathy 4 (7)
Vitreous haemorrhage 3 (5)
Iris injury 2 (3)
Ruptured globe 2 (3)
Vitreous detachment 1 (2)
Retinal detachment 1 (2)
Dislocated lens 1 (2)

Table 4. Clinical findings after surgical reconstruction (n = 87).
Symptom n (%)

Restricted ocular motility 4 (5)
Diplopia 23 (26)
Enophthalmos 9 (10)
Reduced visual acuity 4 (5)
Six patients were lost to clinical follow-up.
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trapping defect posteriorly. In the patient with two sequential 
re-interventions, the first implant was short and trapped the muscle 
as described above, while the second implant caused muscle 
interference because of relative elevation at its posterior edge 
(Table 6).

The re-interventions were performed at a mean of 6.3 and median 
3.5 days after the primary surgery (range 1–22 days). Three (30%) 
of  the 10 patients with malplaced implants requiring early 
re-intervention had persisting diplopia at long-term follow-up. None 
of the patients with early complications requiring re-intervention 
had subjective visual acuity disturbances or ocular motility restrictions 
at follow-up.

Secondary surgery

In total, nine patients (10%) required secondary surgery because of 
late complications. The time from trauma to secondary surgery was a 
median of 174 days (range 44 days to 715 days). Five of the nine 
patients had correction of enophthalmos, one of which had previ-
ously undergone an early re-intervention because of a malplaced 
implant. Four out of the five secondary enophthalmos corrections 
were performed in patients with complex midface fractures, one of 
which was a bilateral orbital fracture.

The four secondary surgeries not related to enophthalmos 
consisted of one patient who suffered diplopia because of posterior 
muscle entrapment caused by a too short implant, one patient with a 
palpable protruding implant at the inferior orbital rim and two 
patients with suspected implant related infections, where only one 
was verified by positive bacterial culture (Table 5).

Clinical improvement was seen in all five patients who underwent 
secondary surgery because of enophthalmos; however, none of 
them became completely free from either enophthalmos or 
diplopia. For one of these patients, some restriction of the ocular 
motility was found at the follow-up where scar tissue was believed 
to be the cause.

Orbital volume measurements were performed as described in 
Materials and Methods in order to better understand what caused 

the remaining enophthalmos and why the secondary reconstructions 
were insufficient. As the unaffected orbit was used as a reference, one 
patient with bilateral orbital fractures was excluded from this analysis.

Overall the volume difference in total was improved in the four 
patients analysed after the secondary surgery for enophthalmos. The 
median difference between the unaffected and affected orbit was 
16% after the primary surgery and improved to 6% difference in 
volume after the secondary surgery. The improvements were made in 
the anterior and mid part of the orbit, while the posterior part in fact 
worsened to some degree in all the patients after the secondary 
surgery. For one patient, the secondary reconstruction was not made 
because of a volume issue but for an incomplete anatomical 
reconstruction, which was remedied with the secondary surgery 
(Table 7).

Late periorbital complications

Corrective eye lid surgery was performed in four (4%) patients that 
developed ectropion and in five (5%) patients with entropion. Six of 
these nine (67%) eyelid complications were found in the group of 
patients who had undergone repeated surgery (Table 2).

There was one patient who suffered a tear duct injury during a 
secondary surgery for enophthalmos. This specific patient had also 
undergone an early re-intervention because of malplacement of the 
implant during the primary operation.

Discussion

Orbital reconstruction can be challenging even to the most experi-
enced surgeon. The orbit has a complex shape, it contains sensitive 
structures and limited operative view is offered. While surgery is 
intended to prevent aesthetic and functional post-traumatic sequels, 
it can also lead to iatrogenic injuries from the surgical exposure itself 
or from malplaced reconstruction implants [4].

Previous studies have shown a re-intervention rate for malplaced 
implants of 6.5–23% when peroperative CT or navigation is not 
used  [7,11–14]. In our study 12 patients (13%) had an early 
complication requiring re-intervention within 1 month, most of 
these re-interventions were because of malpositioned implants. In 
all cases, the implant discrepancy was located in the posterior aspect 
of the orbital floor towards the orbital apex. Three patients were 
re-operated because of a too short implant allowing for posterior 
muscle entrapment, demonstrating the importance of striving 
towards complete orbital floor reconstruction to the posterior 
ledge  of the defect. Indeed, the technical difficulties associated 
with deep orbital reconstruction are well recognised and related to 
limited visibility and the confined space of the orbital apex [14–16]. 
As all but one of the malplaced implants of the early complications 
were  identified on the postoperative CT images, access to 
intraoperative CT would most probably have prevented these 

Table 5. Cause of surgical re-intervention of the 93 orbital fractures.
Re-intervention cause Number (%)

Early complications (< 1 month)
Implant malposition 6 6
Implant malposition + muscle entrapment 4 4
Palpable protruding implant 1 1
Implant-related infection 1 1
Secondary surgery (> 1 month)
Enophthalmos correction 5 5
Palpable protruding implant 1 1
Implant malposition + muscle entrapment 1 1
Suspected implant-related infection 1 1
Implant-related infection 1 1

Table 6. Early re-operation of malplaced implants.
Patent Muscle entrapment Too short implant Too long implant Elevated implant posteriorly Low implant posteriorly Implant length (mm)

1 + + 32
2 + 29
3 + 29
4 + + 28
5 + + 28
6 + + 29
7 + + 35
8 + + 26
9 + 26
10 + 39
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re-interventions [17,18]. Alternatively, improved precision in implant 
shaping and positioning could have been obtained by custom made 
implant and/or surgical navigation [14,19,20].

A 5% increase in orbital volume may be enough to cause clinically 
visible enophthalmos [21]. The reported incidence of secondary 
surgery for enophthalmos following orbital floor reconstruction 
ranges in the literature from 3 to 8% [4,6,22,23]. In general, the 
incidence of residual enophthalmos can be expected to increase in 
complex, high energy fractures [24]. Accordingly, four out of five 
patients operated secondarily for enophthalmos in this series had 
complex midface fractures. The cause of secondary enophthalmos is 
either inadequate reconstruction of the bony orbit and/or post-
traumatic soft tissue changes such as fat atrophy and fibrosis 
[21,23,24]. Here, secondary surgery for enophthalmos was performed 
in 5% of the cases. What caused the enophthalmos in all cases cannot 
be determined in this study. However, in patient number three, partial 
orbital volume analysis indicates close to absolute anatomical 
reconstruction implying that soft tissue atrophy caused the persistent 
enophthalmos.

The transconjunctival approach is preferred by many surgeons 
as it does not leave a cutaneous scar and has been associated with a 
lower risk for ectropion and eye lid retractions. However, the 
transconjunctival access may be complicated by entropion [25], 
which is generally more challenging to correct than ectropion 
[5].  Here, the overall correction surgery rate for ectropion was 4 
and  5% for entropion. The majority of patients (67%) requiring 
corrective eye lid surgery had gone through an orbital re-operation, 
emphasising the importance of avoiding repeated exposures 
through the lower eyelid.

Postoperative persisting diplopia has a reported incidence from 8 
to 42% [2,6,26,27,28]. Here the incidence was 25% in total and 100% 
in those who underwent secondary surgery for enophthalmos. To 
prevent postoperative diplopia, early repair is advocated in cases 
where periorbital tissue may be trapped. In those patients who have 
persistent diplopia despite a seemingly adequate reconstruction, it is 
presumed that trauma to the muscle, fibrosis or nerve paresis is the 
reason for diplopia [29].

Visual impairment in general is poorly reported in orbital 
reconstruction studies. Vision loss has been reported between 0 and 
0.4%, most often caused by intraaorbital haemorrhage. Here, 
subjective reduction of the visual acuity was found in 4% of all 
patients at follow-up. Vision loss was seen in two patients because of 
the trauma itself causing bulb perforation, requiring enucleation.

This study has strengths and limitations. Over these years, the 
surgery has had a stable surgical protocol in terms of indication, 
access approach and material, which enables analysis of inherent 
problems with free hand implant reconstruction. Patients were 
followed up as long as sequels and symptoms from the orbital trauma 
persisted and the number of patients lost to follow-up is very low 
related to other studies of facial trauma. Moreover, only one patient 
had to be excluded because of lack of post-operative CT and the 
series of 90 included patients compares well in size with previously 
published reports. All patients with any preoperative ophthalmic 
symptoms were assessed by an ophthalmologist, rendering validity 
to base-line data on ocular function. Advanced image analysis 
software enabled high-resolution measures of partial orbital volumes 
in a subset of patients with secondary enophthalmos, reflecting 
restoration of orbital anatomy. The major limitation of this study is 
that data on symptoms and clinical signs was collected retrospectively 
from non-standardised chart notes and not collected via prospectively 
designed study protocols. This precluded grading or more precise 
measures of symptoms and necessitated dichotomisation of data to 
avoid ambiguity. The study is descriptive in nature as a substantially 

larger population would be required for statistical analysis of potential 
predictors for outcomes.

Conclusion

This study demonstrates the challenges with precise anatomical 
reconstruction in the posterior orbit and confirms the importance of 
accurate restoration of the orbit at primary surgery to lower the mor-
bidity. Secondary surgery was found to be even more demanding 
and re-operations demonstrated significant increased risk for late 
eye-lid complications.
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