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Purpose: Complex orbital fractures are surgically challenging; the orbital cavity contains 

several vital anatomical structures and visibility is limited.  This study presents a case in which 

computer-aided surgical simulation (CASS), surgical navigation (SN), and a patient-specific 

implant (PSI) were used. Furthermore, the literature regarding this topic is systematically 

searched and investigated.   

Methods and materials: A complex, failed orbital reconstruction was referred to our 

department. Despite use of advanced tools including a preformed PSI on a 1:1 mirrored 

individual 3D model several challenges remained.  

A systematic search of relevant data-bases, scientific journals, and the bibliographies of the 

included articles was conducted. Clinical studies involving CASS and SN in the treatment of at 

least 5 patients published between 2016 and 2018 were included.        

Results: The final reconstruction was planned virtually; a milled PSI was produced and 

implanted under guidance of SN. The clinical outcome was acceptable to the patient. The 

literature search showed that superior results are obtained when CASS and SN are involved in 

the treatment regimen. The average technical accuracy for SN is reported to be less than 1 

mm, and volume restoration is reported to be significantly superior to traditional methods.      

Conclusion: New technological advancements such as CASS involving SN seem to improve the 

outcome of orbital reconstruction, particularly in complex cases. Furthermore, planning, 

execution, and evaluation are facilitated. Real-time guidance can also be used as a training 
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tool for novice surgeons, but factors such as financial investments, challenges in 

implementation, and a steep learning curve must be considered.         

 

Introduction 

The surgical reconstruction of the orbital cavity can challenge the responsible surgeon.1,2,3 The 

introduction of computer tomography (CT) revolutionized the diagnostics of facial 

traumatology and evolved into a CT-based treatment protocol for the treatment of orbital 

fractures in the 1980s and 1990s.4 Since then, major advances in computer-aided surgical 

simulation (CASS) techniques have been achieved and a have proved beneficial, especially in 

the treatment of orbital trauma.5,6 Navigation-assisted orbital repair was pioneered by 

Watzinger et al and Gellrich et al.7,8 and has evolved since then. The drive behind this evolution 

could be the complexities, challenges, and complications often seen in association with orbital 

fractures. It has been estimated that increased orbital volume occurs in approximately 8.5% 

of patients with orbital trauma after being treated with traditional techniques.9 Persistent 

enophthalmos after surgical repair has been reported  in 7 to 27.5% of these cases.10 The 

prevalence of diplopia has been reported in 20 to 42.5% in isolated orbital floor fractures and 

up to 85% when multiple walls are affected.11 The planning session can nowadays be 

performed in a virtual environment and be transferred and applied to the surgical field with 

the help surgical navigation (SN).12 A more detailed description of the technique is beyond the 

scope of this article and can be found elsewhere.13,6,14 Furthermore, the available literature 

published between 2010 and 2015 regarding the clinical implementation of SN has been 

investigated in an earlier systematic review.15 Through a systematic analysis of the scientific 

literature from the last three years, this review aims to illuminate the latest technical 

advancements in orbital reconstruction and how they can be beneficial in the restoration of 

complex orbital defects. In addition, the case of a female patient who received a secondary 

orbital reconstruction is presented. Even with the use of advanced technology and accurate 

individual treatment planning, achieving an ideal outcome can still be challenging due to soft 

tissue changes or neuromuscular adaptation. The case presents preoperative factors, 

treatment planning, execution, outcomes, and pitfalls to be aware of when handling the 

reconstruction of a complex orbital fractures. The hypothesis was that the latest 

advancements in CASS and SN are beneficial tools that can assist the surgeon in optimizing 
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complex orbital reconstructions; the literature was systematically searched to support or 

refute this hypothesis.  

 

Materials, methods and patient    

A 23-year-old female patient was referred to the Department of Oral and Maxillofacial 

Surgery, Odense University Hospital, Denmark. Sixteen months earlier she was injured during 

horse riding when she was kicked in the face by a horse. She had received treatment for the 

nose and left-sided blow-out fractures at another hospital. The patient was referred because 

of an unacceptable outcome, with persisting diplopia and enophthalmos. The clinical 

examination showed occlusion of the left nostril, diplopia, left ptosis, paraesthesia in the left 

infraorbital area, and obvious enophthalmos (Fig. 1 A-C, showing primary conditions). A cone-

beam computer tomography (CBCT) of the patient’s facial skeleton obtained at the first 

consultation revealed a previous orbital floor and medial wall fracture that had been 

reconstructed poorly with a titanium mesh (TM).  The TM had been placed in the lateral 

portion of the nasal cavity, and radiographic communication was evident. The left sinus was 

filled with fluid, which indicated an on-going sinusitis, and the patient reported a disturbing 

tenderness in the infra-orbital area. We concluded that the level of discomfort was 

unacceptable and further treatment was planned.  

Regarding the literature review, relevant medical subject heading (Mesh) terms were used to 

perform a computerized and systematic search of the literature databases MEDLINE 

(PubMed), the Cochrane Library, and Embase. The first group, including MeSH words 

regarding intraoperative navigation, was combined with another group of Mesh words 

representing orbital trauma reconstruction. (1) Group 1, SN: "Stereotaxic Techniques", 

"Surgery, Computer-Assisted/instrumentation", "Surgery, Computer-Assisted/methods", 

"Imaging, Three-Dimensional", "Frameless Stereotaxy", or "Navigation". (2) Group 2, orbital 

reconstruction: "Facial Bones/surgery", "Maxillofacial Injuries/surgery", "Fracture Fixation, 

Internal/instrumentation", "Fractures, Comminuted/surgery", "Maxillary Fractures/surgery", 

"Orbital Fractures/surgery", or "Zygomatic Fractures/surgery". The screening process were 

applied for relevant articles published between January 1, 2016 and December 31, 2018 

regarding the use of SN.  Inclusion criteria were clinically controlled trials involving SN with 

inclusion of 5 or more patients. Exclusion criteria were case reports and articles with no 
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objective evaluation of the surgical outcomes. If titles were considered relevant, the abstract 

was evaluated with regard to the inclusion or exclusion criteria. If the abstract was included, 

a full article review was performed. According to the above-mentioned inclusion criteria, the 

search was supplemented by a search of the bibliographies of the included articles and a hand-

search of the relevant journals. Relevant data from the articles were organized in Excel 

spreadsheets, and the following data were extracted: author, year, study design, number of 

patients, gender, mean age, time of operation, revisions, location and treatment, follow-up 

periods, navigation system used, objective results (mean error), control, registration method, 

postoperative control method, X-ray, type of implant used, mean operation time, and 

preoperative time preparation.  

 
Results 

Case  

The surgery consisted of removal of the existing TM and secondary reconstruction with a new 

pre-bent TM under general anaesthesia. The previously placed hardware was removed and a 

new, pre-bent TM, prepared on a mirrored 1:1 stereolithographic (STL) model, was applied 

and affixed to the infraorbital rim with osteosynthesis screws. During this procedure, 

significant amount of foul-smelling inflammatory and scar tissue in connection with the old 

TM was noted.  Due to the unexpected amount of scar tissue, the new TM could not be 

positioned optimally in the most posterior aspect at the first attempt and was adjusted during 

the operation.  A forced duction test indicated no entrapment. The patient received 

postoperative antibiotics in the form of penicillin (800 mg x 4) and metronidazole (500 mg x 

3) during the next 10 days. During the standard postoperative follow-up (1, 3, and 6 weeks), 

there was no sign of entrapment, but the patient complained of diplopia in all directions, and 

vision was compromised due to a left-sided ptosis. Respiration through the nostrils was non-

problematic. Even though the postoperative CBCT revealed satisfying placement of the TM, 

enophthalmos and an unsatisfying cosmetic result were evident (Fig. 2 A-D). The follow-up 

period was extended, and 7 months later, a second procedure was undertaken under the 

guidance of virtual surgical planning (VSP), based on CT. (Fig. 3 A-C). The virtual environment 

showed a positioning of the left orbital bulb that was more distal than the right bulb, and a 

patient-specific implant (PSI) was designed to compensate for this difference. To enhance the 

precision of the operation, the recently acquired SN tool was used, Curve with ENT 3.0 
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navigation software (BrainLab, Munich, Germany) (Fig. 4 A-C). Three light-reflecting spheres 

fixed with 6 self-taping screws to the skull of the patient and the “Z-touch” pen were used for 

non-invasive, surface registration.  The position of the PSI, designed to compensate for the 

enophthalmos, was secured and confirmed with the aid of SN during the operation. The 

projection of the bulb was controlled and was found to be in accordance with the VSP. A 

forced duction test did not show any suspicion of herniation, and the trans-conjunctival 

incision was adapted and sutured.  

The postoperative CBCT follow-up confirmed the satisfying result regarding the positioning of 

the PSI (Fig. 5 A-B). Further evaluation of the outcome was made by overlapping the PSI in the 

planned position with segmentation of the PSI in the postoperative scan. The virtual PSI-model 

and skeletal midface was exported from iPlan CMF 3.0 (Munich, Germany) and imported to 

3D Slicer version 4.8 (Fig. 6 A-B). The pre-and postoperative midface was registered using 

surface matching to align the planned and obtained position of the PSI. The overlay showed 

that the anterior part of the PSI aligned with the planned position, but the posterior part of 

the PSI was placed 1.35 mm above the planned position.  

The normal 6-week follow-up period was extended because patient still suffered from 

diplopia. Minor blepharoplasties were performed 14 and 24 months later due to a persisting 

left-sided ptosis in an attempt to improve the cosmetic outcome and perhaps fully or partially 

correct the persisting diplopia. In the postoperative follow-up visits, the patient was 

subjectively satisfied with the cosmetic aspect (Figure 5 C).  Slight diplopia still persisted, but 

in agreement with the patient, it was decided that no further invasive procedures should be 

performed to address this problem.  

 

Literature review 

The systematic review resulted in 332 articles; 28 of the abstracts were screened, and 5 were 

eligible for full screening, and 3 of these were included (Fig. 7). The bibliographies of the 

included articles identified 1 article that met the inclusion criteria.  A total of 281 patients had 

been treated for unilateral orbital defects, predominantly caused by trauma, and most of the 

patients were men.  Three of the included articles specified the location of the defects, 

posterior, medial, or anterior part of the orbital cavity, and most of the lesions were in 

posterior or medial. The method used for registration of the SN was invasive in 2 studies and 

non-invasive in 1 study, with a margin error of <1 mm for all the included studies. All studies 
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reported a significantly superior reconstruction of the orbital cavity regarding the accuracy of 

volume determination when SN and/or PSI was utilized compared to either the contralateral 

side, pre-operative conditions or a historical control group (results summarized in Table 1).  

Zimmerer et al.16 organized a prospective non-randomized multicenter study, where a total 

of 195 patients were treated for unilateral orbital defects not older than 21 days. At the time 

of the final follow-up, at 12 weeks, the number of dropouts exceeded 38 patients. Several 

types of implant were used: preformed orbital implants; standard TMs adapted by free hand 

on an average STL skull model; and a custom-made, functionalized, patient-specific implants. 

SN was used more often in combination with individualized implants, where the shape (p < 

0.001) and positioning (p < 0.001) were checked. The accuracy of the volume of the affected 

orbits could be restored significantly better with this technique than when no SN and standard 

TM without CAD/CAM implants were utilized. The length of the surgery was also beneficial for 

the patient because the median operation time was reduced from 71 to 60 minutes. The 

clinical outcomes regarding vision, motility, and diplopia showed no statistically significant 

differences between patients treated with the different methods of reconstruction. Likewise, 

radiographic measurements of the position of the sagittal globe and the pupillary height 

showed no difference.  

In contrast to the criteria used in  previous studies, Tarsitano et al.17 evaluated the treatment 

of delayed orbital defects; however, the term “delayed” was not further defined. Seven 

patients were included and treated with PSIs (laser-sintered customized TM); the insertion 

was assisted by SN. Postoperative conditions, such as globe protrusion, were evaluated by CT 

and 3dMD photogrammetry (3dMD Inc, Atlanta, GA). Statistical analysis showed significant 

differences between pre- and postoperative globe position. The Only patient reported having 

preoperative diplopia, obtained complete remission of the disturbance. This was confirmed 

by a Hess test, which also was applied in all patients.  

The only study that systematically evaluated the effects of SN in a treated versus a control 

group in a systematic matter was performed by Zavaretto et al.18 The study group consisted 

of 30 consecutive complex orbital fractures, where the posterior one-third of the orbital floor, 

or 2 or more walls, were involved in 100% of the cases and treated under guidance of SN. 

Factors such as diplopia, globe position, revision surgery, intra- and postoperative 

complications, orbital volume, and operative time were compared to a historical control group 

consisting of 25 operations with no SN. In this group, the posterior one-third of the orbital 
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floor or two or more walls were present in 80% of the cases. Interestingly, this study also 

assessed the outcomes of surgery when performed by senior surgeon compared to a junior 

surgeon by measuring orbital volume of the reconstructed side and unaffected side.  The 

results showed that junior surgeons using navigation were just as accurate as their senior 

counterparts.   Differences in favour of the study group were found in all the mentioned 

variables, but the only statistically significant differences were in the accuracy of orbital 

volume restoration and globe projection. Furthermore, the need for repositioning the implant 

in the control group was 20% greater than in the study group (p = 0.1750) in cases in which no 

re-explorations were needed. No differences in postoperative complications were observed 

between the groups.  

Besides the use of SN, the authors of the fourth included study also supplemented their 

arsenal of surgical tools by adding endoscopy when they treated  a cohort of 24 patients with 

unilateral and primary and secondary orbital reconstructions mainly with Medpor and/or 

TM.19 Orbital volumes were significantly improved in the late group (16 patients, surgery >30 

days after injury), from 3.41 ml ± 1.23 to 0.56 ± 0.96 ml (p < 0.001). In the early group (8 

patients, surgery <30 days after injury), the volumes changed from 1.72 ± 0.87 to 0.53 ± 0.83 

(p > 0.03). Preoperative enophthalmos was improved by 1.6 mm to 0.2 mm in the early group 

and by 2.6 mm to 0.2 mm in the late group. In general, enophthalmos improved across all 

groups (p < 0.001). The authors reported positive feedback regarding the addition of 

endoscopy, which enabled minimal invasive surgery by decreasing the length of the incision. 

Furthermore a 1.5-mm thick Medpore (Porex Surgical, Inc., Atlanta, GA) was frequently 

inserted as an extra layer on a TM in delayed cases and revisions. This enabled a 1- to 2-mm 

perioperative eyeball overcorrection. SN ensured the positioning of the eyeball in late or 

secondary reconstructions by placing the pointer on the pupil, the contralateral side being 

mirrored and used as a control.         

 

Discussion  

This article presents the treatment of a patient with a complex orbital fracture due to a horse 

kick and a systematic investigation of the literature regarding the latest achievements in 

orbital reconstruction using SN, CASS, and PSI. The necessity of accurate orbital cavity 

reconstruction and the benefits that CASS and SN can provide have been described and 
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discussed previously.20,15 The clinical application of the used SN system, Brainlab (Munich, 

Germany), has been described earlier. The average technical system accuracy and 

intraoperative precision has been reported to be less than 1 mm and 1-2 mm 

repectively.21,22,23,15 In the presented case, SN, CASS, and PSI played a central role in the 

treatment of postsurgical orbital enophthalmos and diplopia. The primary reconstruction, 

performed at another department, had failed, resulting in infection, enophthalmos, diplopia, 

and a suboptimal cosmetic result. The first reconstruction was performed with a TM, pre-bent 

on a mirrored STL model. Postoperative radiographical examination revealed satisfying 

placement of the implant with secured positioning on the posterior shelf and formation of a 

new delimitation of the nasal cavity. Although the postoperative radiological examination 

revealed a satisfactory outcome, the clinical outcome was suboptimal. The reason may have 

been due to a chronic local infection, which could have contributed to fat atrophy in the 

surrounding peri-orbital tissue. According to the literature post-traumatic enophthalmos may 

be attributed to several factors, such as enlargement of the bony orbit, dislocation of the 

trochlea, cicatricial contraction of the orbital tissue, unrepaired fracture of the orbital wall, 

displacement of the orbital tissue, atrophy of orbital fat, and loss of ligament support.24,25 

Posttraumatic enophthalmos is also recognized by many as among the most difficult 

complications to handle.26,27,28  The correlation between diplopia and entrapment of the 

inferior rectus muscle was reported to be low by Tessier et al., who reported true entrapment 

in only 3 of 600 post-traumatic orbital repairs and maintained that diplopia results from an 

oculomotor imbalance.29 Furthermore, Tessier et al.  pointed out loss of orbital fat as playing 

a predominate role in traumatic enophthalmos rather than post-traumatic fat atrophy.30 

Classically, orbital fat has been divided into extramuscular and intramuscular compartments 

with fine ligaments, extending from the sides of the orbit, dividing them further and becoming 

more dense from posterior to anterior. Removal of intramuscular and/or extramuscular fat in 

fresh specimens shows globe displacement similar to clinical enophthalmos, thus indicating 

the importance of ligaments and orbital fat for proper globe prominence.31 However, other in 

vitro studies contradict these findings. A study based on CT scans of orbital injuries 

demonstrated an increased soft-tissue orbital volume of 5% and increased bony volumes of 

up to 18%. Furthermore, these mentioned volumetric changes were shown to be reversed in 

reconstructed orbits. It was concluded that the mechanisms of posttraumatic enophthalmos 
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involve a relatively constant volume of orbital tissue in an enlarged bony orbit. With this in 

mind, the correction of enophthalmos depends on  the shape and size of the bony orbit.32  

Even though all the available technological aids were employed successfully in an effort to 

help the patient, the clinical result was below expectation. Nevertheless, the above-

mentioned statements of Tessier et al. must be considered when retrospectively analyzing the 

results. The correlation between orbital cavity volume, positioning of the soft tissue, and 

clinical outcomes has been stressed previously.  A 3-mm displacement of the orbital floor 

enlarges the orbital volume by 12%, which results in a 4-mm posterior displacement of the 

eyeball.33 The probability of enophthalmos of more than 2 mm, which is an indication for 

surgery, is present if the orbital floor is displaced by more than 3 mm.34 Another important 

consideration is the degree of displacement of the orbital floor, which is a more relevant 

predictor for volumetric changes and clinical features than the area of the defect.35 Rana et 

al.22 compared PSI and SN with pre-bended TM and SN for the treatment of orbital defects, 

and they found  significantly favorable clinical outcomes in the  group treated with PSI. 

Similarly, Cai et al. compared orbital reconstruction performed in 29 patients with the 

assistance of SN with a control group of 29 patients in whom no SN was utilized. The study 

was prospective, controlled, and meticulously designed by matching the groups for age, sex, 

orbital wall fracture, pre-operative orbital wall features, etiology, severity of the fracture, 

surgical approach, and types of implants used. In conclusion, use of SN minimized 

postoperative complications, reducing the need for repeated procedures. Furthermore, the 

planning, execution, and postoperative assessment were simplified.21 The systematic review 

identified 4 publications16,17,18,19 meeting the inclusion criteria; all included studies confirmed 

the benefits of applying SN to achieve accurate volume reconstruction and globe projection 

in orbital reconstruction. Additionally, positioning of the implant has been shown to be 

significantly more accurate in comparison with traditional orbital reconstruction.36 To our 

knowledge, no previous publication has described a clinical situation similar to the presented 

case, which involved  a late secondary reconstruction and the presence  of infection. Other 

controversial topics in orbital reconstruction, such as surgical approach, timing, and choice of 

implant, were often mentioned and discussed. According to Alhamdani et al.,37 these factors 

were not found to be statistically related to the final post-operative diplopia outcome, follow-

up time, or number of follow-up visits. A recent systematic review investigated the current 

evidence for the timing of treatment.4 It provides evidence in support of  the guidelines 
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concerning immediate repair, but insufficient evidence for the guidelines regarding  the 

optimal timing of delayed repair. When considering type of implant chosen for reconstruction, 

the size of the defect, rather than the location, seems to be the most decisive factor.38 

Regarding the surgical incision, a customized approach, depending on the location of the 

defect, has been suggested.39 Treatment of fractures involving the orbital medial wall and 

floor, the posterior third floor, complex comminute orbital fractures, and the involvement of 

the transition zone between the medial wall and the orbital floor results in more 

advantageous outcomes when SN is applied in the treatment procedure.22 In the current 

review, SN is indicated to be very beneficial for optimal clinical outcome. Often SN is used in 

combination with individualized implants to reconstruct complex orbital fractures. Emerging 

techniques in CASS-based orbital reconstruction involve statistical shape modelling to 

improving the surgical plan. The conventional method for planning a unilateral orbital 

reconstruction is based on the assumption of facial symmetry, where the affected side is 

mirrored to the unaffected side.40,41 However, asymmetrical skeletal growth may affect the 

trueness of the surgical plan, and thus limit the usefulness of the conventional method. The 

new statistical shape model for virtual reconstruction of the mid-face shows promising results 

for virtual reconstruction of the affected side by incorporating the difference in size between 

the bony structures of the 2 sides of the patient, and the method can even be used to plan 

reconstruction in bilateral fractures.42,43,40 Furthermore, in an attempt further improve 

results, real-time tracking of the inserted implant seems to be the next step. Real-time feed-

back tools are being developed as part of augmented reality or robotic-aided implant 

insertion.44 However, the role of the orbital soft tissues also influences  the clinical outcomes, 

but is not fully understood and often underestimated. New measurement tools and more 

knowledge are needed to obtain the full benefit of the emerging technologies. The current 

case reminds us that challenges still exist that have not yet been conquered completely 

regardless of the number of advanced tools in the surgical armamentarium.  

 

In conclusion, CASS-based surgery, incorporating SN and PSIs, are an important adjuvant to 

aid the surgeon in achieving predictable outcomes in complex orbital reconstruction. These 

techniques are beneficial compared to traditional methods when utilized in the treatment of 

complex orbital fractures. Furthermore, planning, execution, and evaluation are facilitated, 



 11 

but financial concerns and an initial increased time consumption for the surgical team as a 

whole must be kept in mind. Finally, CASS-based surgery with SN and PSI still cannot 

compensate fully for the damage to soft tissue that may occur during trauma or prolonged 

infection.  
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Figure 1. A-C Illustrating radiographic and clinical pre-operative condition 
A. CBCT-scan, coronal view; TM placed in the left orbital floor penetrating the nasal cavity 

(arrow). 
B. CBCT-scan, sagittal view of the left orbit; The TM placed inadequately, missing the posterior 

shelf (arrow). 
C. Pre-operative clinical conditions of the left eye; showing ptosis, enophthalmos, and dystopia. 
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Figure 2. A-D Planning of the first intervention and postoperative outcome 

A. 1:1 mirrored STL-model produced for pre-operative adaptation of the TM. 
B. Coronal view showcasing the TM adequately placed in left orbital cavity, forming a new 

delimitation to the nasal cavity (arrow). 
C. Sagittal view, TM reaching all the way back and resting on the posterior shelf (arrow). 
D. Postoperative clinical conditions with persisting ptosis, enophthalmos, and dystopia on the 

left eye.  
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Figure 3. A-D Illustrating the result of the VSP and the manufactured PSI  
A. VSP showcasing high degree of enophthalmos on the left orbit.  
B. Virtual advancement of the left orbit, the distance colored green. 
C. Sagittal view of the movement, note the thickness PSI compensating for the advancement.   
D. PSI is tried for fit on 1:1 STL model. 
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Figure 4. A-C Per-operative pictures  
A. Light-reflecting spheres mounted on the skull and calibration with the “Z-touch” 
B. Intra-operative conformation of the correct positioning of the PSI according to the VSP 
C. Final control of the projection of the bulb with the “Z-touch”, which successfully was 

corrected during surgery and in accordance with the VSP   
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Figure 5. A-C Illustrating the postoperative radiographic and clinical conditions 
A. CBCT, Coronal view, PSI placed adequately forming a new orbital floor and delimitation to 

the nasal cavity (arrow). 
B. CBCT, Sagittal view of the left orbit, note the posterior thickness and aggressive S-shape of 

the PSI compensating for the enophthalmos of the left orbit (arrow). 
C. Clinical photo taken 36 months after placement of PSI and blepharoplasty showcasing 

cosmetic improvement, but still noticeable asymmetry compared to the right eye.   
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Figure 6. A-B Postoperative objective evaluation of PSI placement plan vs. outcome   
A. Overlapping outcome (red color) and planned position (green color) of the PSI.  
B. The posterior part of the PSI is placed 1.35mm above the planned position.     
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Figure 7. Systematic search of the literature regarding surgical navigation and orbital reconstruction. 

 
 
 
 
 

285 records identified 

through database searching 

285 headings screened for 

eligibility 

256 excluded due to 

exclusion criteria 

29 abstracts assessed for 

eligibility 
25 excluded, because 

abstract did not meet 

inclusion criteria 

4 full-text articles assessed 

for eligibility  

2 excluded, because abstract 

did not meet inclusion 

criteria 

1 additional record 

identified through 

bibliographies  

1 heading screened for 

eligibility   

2 articles met inclusion 

criteria 

1 full-text article assessed 

for eligibility 

1 full-text article met 

inclusion criteria 

Bibliographic search 

revealed 0 additional article 

meeting the inclusion 

criteria 

3 studies included in 

qualitative synthesis  

Hand search revealed 0 

additional articles meeting 

the inclusion criteria   



 28 

 


