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Abstract

Purpose

Contemporary advances in technology allowed the transfer of knowledge from industrial

laser melting systems to surgery; such an approach could increase the degree of accuracy in

orbital restoration. The aim of this study was to examine the accuracy of selective laser

melted PSI and navigation, in primary orbital reconstruction.

Methods

One hundred patients with complex orbital fractures were included in this study. Planned vs.

achieved orbital volumes (a) and angles (b) were compared to the unaffected side (n = 100).

Analysis included the overlay of post-treatment on planned images (iplan 3.0.5, Brainlab®,

Feldkirchen, Germany).

Results

Orbital volume of the unaffected side ranged from 27.2 ml ± 2.8 ml in male and 25.0 ml ± 2.6

ml in female. Significant orbital enlargement was found in orbital fractures with involvement

of the posterior third of the orbital floor and in comminuted fracture pattern. Reconstructed

orbital volume ranged from 26.9 ± 2.7 ml in male and 24.26 ± 2.5 ml in female. 3D Analysis

of the colour mapping showed minor deviations compared to the mirrored unaffected side.

Conclusion

The results suggested that primary reconstruction in complex orbital wall fractures can be

routinely achieved with a high degree of accuracy by using selective melted orbital PSIs.

Keywords

Orbital reconstruction, Selective laser melting, Customized implant, 3 D mesh, orbital wall

fracture, intraoperative navigation



Introduction

Fractures of the facial skeleton are often the center of attention, due to their frequency and

the complexity of the surgical reconstruction. The orbit is a susceptible region in the midface.

Over all, up to 40% of craniomaxillofacial traumas are associated with orbital fractures.1, 2

The mode of action is variable, but orbital fractures may result from violent assaults, motor

vehicle accidents or sports- related injuries.3-5 External impact forces seem to cause a so-

called ‘blowout’.6 Dependent on the type of impact - commonly following sports related

injuries- orbital floor fractures may be isolated injuries.7 There is a general agreement that

these fractures should receive an early treatment usually within two weeks.6, 8 The clinical

presentation, following an orbital fracture, is largely dependent on the extend and any other

associated fractures of the facial skeleton. To treat or even prevent severe complications like

diplopia, hypoglobus, changes in facial geometry, a fracture reduction as close as possible to

the original anatomy is mandatory.9, 10 The goals are to reestablish normal function,

aesthetics and an appropriate reconstruction of the midface.9 Contemporary standard in

many institutions is a surgical restoration with individually bent or preformed meshes.11, 12 To

avoid inadequate surgical treatment, a high resolution preoperative CT-scan and digital

planning could be useful and could prevent post procedure asymmetry.5, 13, 14 To deal with

these issues, patient specific 3-dimensional mesh fabrication and image guided navigation is

an option to perform complex orbital rehabilitations.10 Advances in these technologies have

made it possible to achieve increasing degrees of accuracy in the treatment of orbital

deformities. This tactic is associated with knowledge of specific anatomical circumstances,

decreased operative times and a precise control of implant-position.15, 16

Preliminary results indicated that this technique has the potential to decrease the angle and

orbital volume deviation from unaffected to the distracted orbital space.17 The focus of this

single center prospective analysis is to present our experience and potential advantages of

orbital SLM PSIs in primary reconstruction of complex orbital fractures. This could help

clinicians towards the optimization of the digital and clinical workflow for orbital SLM PSIs.

Material and Methods

This review is analyzing the results of unilateral orbital fractures treated at the Department of

Craniomaxillofacial Surgery, Hannover Medical School, Germany, between October 2013

and December 2015 using orbital PSIs. There was only one primary surgeon for all patients

(author MR). No other method of orbital reconstruction was used at that time.



Patients were included if they had reconstruction for complex primary unilateral orbital

deformities secondary to traumatic injury using computer assisted treatment during the study

period. In addition, the patients should fulfill the following inclusion criteria: (a) patients older

than 18 years, (b) indication for orbital reconstruction (true to origin planning), (c)

intraoperative image-controlled reconstruction (Fig. 2 and 3), (d) existence of a pre-surgery

CT or CBCT, (e) patient letter of agreement, (f) adequate follow-up care and examination

and (g) existing vision at the affected eye. In addition to that, the indications for using

computer-assisted navigation, used in Hannover Medical School, Germany, including the

following, had to be fulfilled:

 Fractures of the medial orbital wall

 Fractures of the posterior third of the orbital floor

 complex comminuted orbital fractures

 Orbital wall fractures including the transition zone between medial wall and orbital

floor

The two outcome variables were orbital volume and intraorbital implant angulation. As a

guiding aim, we planned the orbital restoration based on the unaffected side (in terms of size

and shape). We looked at details of the final implant position and we quantified orbital pre-

and postoperative volume to validate accuracy. In addition to that, we measured the angles

(anterior, medial and posterior angle) in the coronal view of the 3-dimensional imaging. Plate

placement and volume- measurement was evaluated using atlas-based 3-dimensional

software iplan 3.0.5 (Brainlab®, Feldkirchen, Germany). The absolute mean difference was

calculated for final statistical calculation.

Additional study variables included the following (table 1): Gender, Age, etiology of injury,

type of fracture (isolated orbital fracture, zygomaticomaxillary complex (ZMC), naso-orbital-

ethmoid fracture (NOE), panfacial fracture), number of injured orbital walls (simple: one wall,

multi-wall: more than one wall). We noted if there was a double operation procedure (e.g.

first positioning of midfacial bony frame and then, secondary the orbital restoration with PSI).

Table 2 gives an overview about additional findings like diplopia, ectropion or entropion.

Preoperative conventional high resolution computed tomography (CT) and/or Cone Beam

computed tomography (CBCT) and its DICOM-scan data were generated. For implant

creating procedure we used iPlan® CMF 3.0.5 (Brainlab®, Feldkirchen, Germany) and the

program Geomagic - Freeform® Plus (Morrisville, NC, USA) as previously described (Fig.

1).10 An accurate transfer of virtual plan to a precise PSI is very prone for the success. Most

of all planning processes were done by the surgeon, without the need of communicating with

medical engineers or prepare a web meeting.13 For very complex cases, we hold up a close



liaison to the engineers (KLS-Martin®, Tuttlingen, Germany), like web meetings or telephone

calls. After planning, the production process itself took up to a maximum of 5 days.

At the time of surgery, all patients were approached via a retroseptal, transconjunctival

incision without a lateral canthotomy. During the procedure, intraoperative Navigation (Kick,

Brainlab®, Feldkirchen, Germany) was in use to assess the correct implant position within

less than 1mm of targeted reconstruction area (Fig. 2 and 3). Proper position of the bony

segments and internal orbit were confirmed with the following protocol: infraorbital rim, lateral

rim, orbital floor, medial internal orbit/ postero-medial orbital bulge, lateral internal orbit,

posterior orbit and globe projection. The previously manufactured and inserted PSI was

locked after position control with one or two 1,3mm titanium microscrews (DePuy Synthes,

Switzerland).

All patients received a postoperative Cone beam scan (NewTom DVT 9000, Deutschland

AG, Marburg, Germany) or a CT-scan. The postoperative images were superimposed onto

the preoperative images and got analyzed if the reconstituted position is equal to the planned

position. Differences in orbital contour, definitely PSI position and the angular deviations

were noted. Every patient was evaluated for presence of ocular motility disorders, globe

projection, diplopia and neurological signs. Complications were defined as suboptimal

placing resulting from the procedure itself or a return to the operation room.

Acting within the scope of orbital follow-up care, we examined the patients with full data

available posttreatment up to one year long term, T1 about one week and T2 up to 12 month

after operation. Additional information (e.g. adverse events) was documented at all

unscheduled visits.

The data were analyzed with IBM SPSS for Windows, Version 23.0 (IBM Corp., Armonk, NY,

USA). Each study variable was computed by descriptive statistics. For testing differences

between the planned vs. achieved orbital volume and three angles (anterior, medial,

posterior), a matched pairs t-test was used to assess the differences. An Į-level of 0.05 was 

set as the level of statistical significance. All p-values were two sided.

Results

One hundred patients with complex orbital, unilateral primary post-traumatic bone fractures

got SLM-implants with intraoperative navigation. 91 patients fulfilled whole inclusion criteria

by having all therapy data available. An overview about patient demographics, injury causes

and measurements is demonstrated in Table 1. The study cohort (included patients) was

composed of 63 males and 28 females. The average age was 28.9 years. 62 out of the 100

patients got a follow-up post treatment up to one year long (19 females, 43 males).



Diagnosis was validated by imaging (CT/ CBCT). 41,8 % of all included patients had an

isolated orbital fracture, all others a combined zygomaticomaxillary fracture. 10 out of 91

patients (11 %) had a simple (one-wall fracture), all the others had complex (more than one

wall) fractures.

Concerning orbital fractures, the average defect size (measurement was performed at the

largest fracture-diameter in coronal and sagittal view) was 22,6 mm (SD 7,5) and 25 mm (SD

6,3). Table 2 shows pre-surgical parameters and intraoperative conditions.

Orbital volume of the unaffected side ranged from 27.2 ml ± 2.8 ml in male and 25.0 ml ± 2.6

ml in female (CT/CBCT). Significant fracture-associated orbital enlargement was found in

orbital fractures with involvement of the posterior third of the orbital floor and in comminuted

fracture pattern (p=0.026). The mean difference in orbital volume between digital planned

and operated orbit post-operatively was 27.9 cm3 (SD 4.0; pre-surgical) to 27.5 cm3 (SD 4.1;

post-surgical; p=0.352). The mean difference between planned and reached implant

angulation (in coronal view) was 123.7° (SD 8.1) to 122.8° (SD 8.2) for the anterior angle

(p=0.163), 135.8° (SD 11.6) to 136.1° (SD 10.3) for medial angle (p=0.412) and 123.3° (SD

11.5) to 122.9°(SD 10.8) for the posterior angle (p=0.976).

Reconstructed orbital volume ranged from 26.9 ± 2.7 ml in male and 24.26 ± 2.5 ml in female

(CBCT). 3D Analysis of the color mapping showed minor deviations compared to the

mirrored unaffected side.

Table 3 compares operation times between different extended fractures and table 4 shows

the number of adverse events after operation.

Discussion

Desirable long-term clinical outcomes could be achieved with the use of the correct

radiographic modality and with restoring the exact orbital contoured volume.18-20 This work

showed the importance of the ‘true-to-origin’ primary orbital reconstruction with patient-

specific implants. Good cosmetic and functional results can be achieved with an early

repair.21 The digital planning and computer assisted surgery are particularly helpful in large

and complex facial deformities.16, 22, 23 However, navigational guides and rulers can be built

into the implant. These navigational target points enable much better spatial orientation and

feedback about whether the implant is actually where it is supposed to be.10 As the pointer

traverses along the trajectory guides, the navigation system can confirm that certain points

are in the correct position and also that the trajectory is correct. These advantages lead to an

exceedingly accurate implant position that can be placed without additional intraoperative CT



scans, so there is no additional intraoperative radiation. The goals of treatment for complex

orbital deformities are multiple and include avoiding complications such as visual

disturbances, compromised facial esthetics, extraocular muscle restriction and

enophthalmus. Such complications can prolong the recovery journey and can affect the

health-related quality of life. In very large defects, very often the posterior ledge generates

adequate footing in the deep orbit, that can facilitate the appropriate placement of the

implant. To reach this poorly visualized anatomic area can be very challenging and

intraoperative navigation can lead to success.24 In addition to that, the use of SLM could

prevent possible inserting adverse effects on soft or hard tissues, because of sharp edges or

displacing mesh, while using the so called trajectory guides and rulers.17 Our long-term

results are consistent with other centers and showed no disadvantage when compared with

other surgical procedures.6, 25 We believe that possible long term complications like diplopia,

hypoglobus, enophthalmos, facial disproportion and decreased globe motility, could not

always be prevented by any medical procedure known today; surgeons have no influence on

fat positioning, muscle or connective tissue atrophy. But the contemporary clinical work up,

has the potential -at least- to rebuilt as best as possible the pre-accidental orbital bone

position. This prospective study showed that complex orbital fractures can be reconstructed

with a high degree of accuracy concerning the planned and post-operative implant fit. The

digital workflow and computer assisted surgery (analysis, preoperative planning and

production as well as intraoperative navigation), can provide a standard procedure. However,

the costs of the implant as well as the navigation system costs may preclude its widespread

use. After a few years of clinical use, we believe that this technique is now suitable for daily

use by clinical teams in trauma centers.
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Tables

Table 1: Study variables (for included patients).

Demographic variables (n =91)
Self- reported sex
Female
Male

28
63

Wall types for reconstruction
Simple (single wall)
Multi-wallx (> one wall)

10
81

Etiology of defects
Traffic accident
Assault or Violence
Horse associated accident
Golf ball hit
Syncopes
Bike spill
Stumble spill

11
28
7
1
11
16
17

Type of traumatic injury
Isolated orbital fracture
Zygomaticomaxillary complex, naso-orbital-
ethmoidal, panfacial

If Zygomaticomaxillary complex, naso-orbital-
ethmoidal, panfacial, during:

one procedure
later

38

53

19
34

Table 2: Surgical data.

Indication for surgery (n= 91)
Double vision
Enophthalmos
Hypoglobus
Defect size and degree of dislocation

15
10
3
63

Surgical access
Transconjunctival, retroseptal all
Navigation tools
Calvarian screws
Dental cusps

6
85

Average defect size in mm (SD)
Coronal
sagittal

22,6 (7,5)
25 (6,3)

*Note: the same patient can contribute to more than one category

Table 3: Median procedure timing with navigation (in minutes, range)

n (%) 92

One-wall fracture 65 (42, 139)

Multi-wall fracture 78 (45, 385)



Combination panfacial and

orbital restoration

simulataneously

401 (112, 445)

Table 4: Adverse events (directly postoperative)

Patient specific Implant

Adverse events
*

n % (95% CI† )

Patients with one or more adverse events 17 17.0 (10.2;25.8)

Implant malposition 5 5.0 (1.6;11.3)

Bleeding complications 1 1.0 (0.0;5.4)

Superficial wound infection 0 0.0 (0.0;3.6)

Deep wound infection 0 0.0 (0.0;3.6)

Intraorbital haematoma 0 0.0 (0.0;3.6)

Muscle tethering 0 0.0 (0.0;3.6)

Motility impairment 1 1.0 (0.0;5.4)

Mydriasis 0 0.0 (0.0;3.6)

Numbness 1 1.0 (0.0;5.4)

(Extra-) ocular muscle entrapment 1 1.0 (0.0;5.4)

Bulbusdislocation$ 0 0.0 (0.0;3.6)

Diplopia 0 0.0 (0.0;3.6)

Gaze restriction / Myopia 0 0.0 (0.0;3.6)

Pain 0 0.0 (0.0;3.6)

Cardial complications 1 1.0 (0.0;5.4)

Other 11 11.0 (5.6;18.8)

Enophthalmos¥, Ectropion, Amaurosis, Impairment of sight
Optical nerve injury, Infraorbital nerve anesthesia,

0 0.0 (0.0;3.6)

*Note: the same patient can contribute to more than one category.
† Confidence intervals for percentages were calculated using the exact method
$ Exophthalmometry measurement >21 mm or a difference of > 2 mm between the two eyes was considered abnormal, values
< 14 mm were defined as enophthalmos (Cline and Rootman, 1984)
¥ Enophtalmetry measurement of <14 mm


