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Abstract: Restoring normal skeletal anatomy in patients with complex trauma to the mandible can be difficult, the difficulty often 
increasing with an edentulous mandible. This study describes a case of a displaced edentulous bilateral mandibular fracture, which was 
preoperatively planned with the in-house haptic-assisted surgery planning system (HASP). A model of the virtually restored mandible 
was 3D-printed at the hospital and a reconstruction plate was outlined beforehand with the printed mandible as a template and served 
as a guide during surgery. This case suggests HASP as a valuable preoperative tool in the planning phase when dealing with 
maxillofacial trauma cases. With the application of virtual planning, the authors could analyze the desired outcome and were further 
supported in surgery by the guidance of the reconstruction plate outlined on the restored model of the mandible. 
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Introduction
Mandible fractures resulting from traffic accidents, assault or sports injuries make up the most common fractures in the 
facial skeleton.1 A fundamental task as a cranio-maxillofacial surgeon is to be able to restore normal skeletal anatomy in 
patients with fractures of the facial skeleton. Errors that may arise when repositioning the fragments may accumulate and 
result in an insufficient outcome, which may lead to poor function and/or an aesthetically unsatisfactory result.2 Virtual 
surgical planning (VSP) in complex cases can facilitate the workflow for cranio-maxillofacial surgeons.3 With advance-
ment in surgical planning and it being an increasingly used tool amongst cranio-maxillofacial surgeons, VSP is being 
implemented in areas such as orthognathic surgery,4 reconstructive surgery5 as well as surgery of fractures in the 
mandible and other parts of the facial skeleton.6–8

The haptic-assisted surgery planning system (HASP) is an in-house VSP system developed at the Centre for Image 
Analysis (Uppsala University) and the Uppsala University Hospital, which provides stereoscopic visualization and 
haptics to allow the surgeon to easier interact in 3D with data from segmented Digital Imaging and Communications 
in Medicine (DICOM) images, via a haptic device that provides 6DOF input and 3DOF force feedback. The haptic 
simulation computes a collision response when bone fragments collide, allowing the surgeon to assess the fit between 
bone fragments. A Voxmap-PointShell based algorithm is used for the collision detection and the collision response (see 
Olsson et al2 for further details). By wearing head-tracked stereo glasses, the surgeon also receives correct depth 
perception and the possibility to look around objects. HASP was originally developed for research but has potential to 
increase precision and to be used as a surgical instrument to identify and avoid potential complications before surgery.9,10

Case Report
A 58-year-old male patient sustained bilateral mandible fractures involving the parasymphysis region due to physical 
abuse. The patient sought medical help the same day due to severe pain and was referred to the department of Oral 
and Maxillofacial Surgery at Uppsala University hospital, where he was treated. The patient had a history of drug 
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abuse and congestive heart failure. The initial examination revealed edentulism in both jaws and displaced bilateral 
fractures in the mandible. The patient did not use any full dentures; hence, there was no effect on the occlusion. There 
were no signs of intraoral hematoma or extraoral swelling at the initial physical examination. A CT of the skull 
showed bilateral mandible fractures in the parasymphysis region (Figure 1). The right parasymphysis region was 
displaced, whereas the left parasymphysis region was complex. DICOM-data was exported to the software Bone 
Split11 and segmented as shown in the Supplementary Video of this report. The segmented data were thereafter 
imported in HASP, and the fractured mandible was preoperatively repositioned and restored in the software 
(Figure 2). The restored mandible was exported in stereolithography (STL) format from HASP and 3D-printed in 
a Formlabs Form 2 (Somerville, MA, USA). The patient was treated with open reduction and internal fixation with 
a submandibular approach a few days later (Figure 3). Due to urgency, the plastic 3D-printed mandible was covered 
in sterile rubber gloves and intraoperatively served as a reference for the bending of a reconstruction plate. 
Adaptation plates were used according to surgical AO-principles and the construction of the mandible was finally 
efficiently stabilized by the positioning of the 2.7 mm reconstruction plate (Gebrüder Martin GmbH & Co, Tuttlingen, 
Germany) (Figure 4). The patient came for a follow-up, which was uneventful (Figures 5 and 6).

Figure 1 CT scan showing bilateral mandible fractures.

Figure 2 Repositioning of mandible in haptic-assisted surgical planning system.
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Figure 3 Open reduction and internal fixation with a pre-bent reconstruction plate.

Figure 4 Patient-specific, 3D-print of restored mandible with a reconstruction plate bent in surgery with the model as a guide.

Figure 5 Clinical image of intraoral situation 1 week postoperatively. Hematomas are evident, but the outline of the mandible is restored and the mucosa intact.
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Discussion
This paper describes a case of displaced mandible fractures where the fractures were restored to normal position 
preoperatively using haptic-assisted surgical planning. A 3D-printed model of the mandible was constructed, on which 
a reconstruction plate was bent during surgery. Furthermore, this paper also illustrates how surgeons can use virtual 
planning to reduce the operation time by pre-bending reconstruction plates on the virtually adapted skeleton for surgical 
guidance and perfect fit beforehand. Surgical outcome is affected by the experience of the surgeon, time elapsed from 
diagnosis to treatment and the preoperative plan.12,13 Nilsson et al concluded in their systematic review regarding 
mandibular reconstructive surgery, that the operation time, where computer assisted surgery was used, was reduced with 
a mean difference of −84.61 min.14 It remains to be verified in further studies if the same is valid in the case of trauma 
surgery aiming to stabilize complex mandibular fractures.

Because the function and shape of the jaw is of importance, a VSP with such software as HASP provides the 
opportunity for surgeons to position bone fragments in complex trauma cases. Further, the surgeons can get an idea of the 
outcome, which also generates opportunity for patient-specific fixation plates. This can lead to fewer complications 
intraoperatively and a reduction of surgical time, which is cost-effective. It is of value for the alignment of bone 
fragments to be as precise as possible, as trivial errors regarding rotation and translation may assemble larger errors in the 
final reconstruction.

A current limitation of haptic-assisted surgical planning is the haptic fidelity from the collision detection and collision 
response, which can prevent a good fit between bone fragments from being found. The simulation for haptic rendering 
needs to be updated at 1000 Hz, which means that only a limited number of contact points can be processed in each 
simulation frame. To ensure that there is no extra latency, the simulation also needs to run on a single CPU-thread. 
Investigating techniques such as SIMD vectorization or more adaptive pointshell representations could be viable ways to 
improve the performance and increase the haptic fidelity. Small errors in the segmentation can also prevent a good fit 
between bone fragments and is another area that could be improved.

Radiographic data from CT scans are stored in DICOM format, so they can be shared and used for a variety of 
applications if needed. Available VSP systems such as ProPlan® CMF by Materialise (Leuven, Belgium) or Sculpt® by 
3D Systems (Rock Hill, SC) can be used preoperatively as a surgical tool with the help of an engineer. These VSP 
systems often require a collaboration with an engineer in the stages of planning and manufacturing.15 In a case report, 
Façanha de Carvalho et al16 described the use of a computer-aided surgical tool in a similar case to the one of the authors. 

Figure 6 Radiographic follow-up of outcome 1 week postoperatively.
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Façanha de Carvalho et al16 used Blender 2.78 (Blender Foundation, Amsterdam, Netherlands), an open-source 
computer-aided design software that requires the assistance of an engineer. Using HASP, which is an in-house tool, 
the surgeon can independently perform all steps in the process of planning preoperatively which is considered beneficial.

Studies have shown that haptic-assisted surgical planning is an accurate tool, and if it generates good outcome and is time 
beneficial, it could be an easy tool to use preoperatively in trauma cases when time is of the essence. Olsson et al2 evaluated 
a complex trauma case where they concluded that haptics can significantly improve the efficacy of cranio-maxillofacial surgeons.

Conclusion
Complex mandible fractures can at times be time consuming and difficult to restore. Virtual surgical planning is evolving, 
and a haptic-assisted surgical planning system could be a fundamental surgical tool in complex trauma cases. It can 
facilitate preoperative planning, reduce operation time and simplify workflow.

Consent
No institutional approval was required to publish the case details. The patient gave verbal and signed written consent on 
reporting of this case and the use of case details and images for publication.

Funding
The authors received no funding for the research of this article.

Disclosure
The authors declare they have no conflict of interest.
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