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Summary

Prosthetic rehabilitation of head and neck cancer patients with large 

composite maxillary or mandibular defects is challenging. Yet, the most 

favorable treatment for large defects is the combination of a bony free 

vascularized graft to reconstruct the defect with implants to retain prosthetic 

constructions. The Free vascularized Fibula Flap (FFF) is a versatile flap that 

commonly is used to reconstruct such bony and soft tissue defects. It is also a 

versatile flap for implant placement as, probably due to the presence of dense 

cortical bone, stability and survival of implants is high. 

When applying a FFF, a major challenge is arranging the FFF segments as 

such that they can provide a proper basis for implants optimally placed for 

implant-retained dental prosthetics.  E.g., precise 3D placement of the FFF 

and implants to allow for implant-retained prosthetics is mandatory.  In 

this respect, freehand positioning of a FFF is not without drawbacks and 

inaccuracies. When combined with freehand implant placement such an 

approach is even more prone for inaccurate positioning and therefore hardly 

administered. Therefore, virtual 3D surgical planning using CT (computed 

tomography) or CBCT (cone-beam computed tomography) data has been 

introduced to support an effective and efficient reconstruction. Such virtual 

planning should include the required margins for tumor surgery. Therefore, 

the overall aim of this PhD study was to develop an accurate digital planning 

method for mandibular and maxillary reconstructions of maxillofacial defects 

resulting from tumor surgery with FFFs combined with dental implants 

(chapter 1).

In chapter 2, a systematic review of the literature is described of the impact 

of oral rehabilitation with or without dental implants on functional outcome 

and quality of life (QoL) following reconstruction of large maxillary and 

mandibular defects with FFFs. The search yielded a total of 557 unique 

publications of which 10 studies were eligible according to our inclusion 

and exclusion criteria, viz., two prospective and eight retrospective case-

series. When rating these 10 studies according to eligibility and a research 

quality criteria score (MINORS), the quality of the studies ranged from 44% to 

88% of the maximum score. In these 10 studies, a total of 260 patients were 

described. These 260 patients were subjected to reconstruction with 261 

FFFs, viz. 55 FFFs to reconstruct the maxilla and 206 FFFs to reconstruct the 
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mandible. The survival rate of FFFs was 99%. Nine studies reported about 

the outcome of implant placement (662 dental implants in 210 patients), 

with an implant survival rate of 95%. Five studies reported on mastication 

including one prospective study. The results of the prospective study 

revealed that patients with implant retained dentures had less problems 

with mastication than patients rehabilitated without implants. The four 

retrospective studies could not identify significant improvements in occlusal 

force or masticatory performance. Furthermore, speech intelligibility was 

good to excellent in most patients. Overall aesthetic outcome was rated by 

both patients and physicians as ‘good’ to ‘excellent’ too. Finally, no changes 

in QoL were observed. Even though the reported results are probably biased 

by the retrospective nature of most studies, the overall conclusion was 

that oral rehabilitation with implant-supported dental prostheses after 

reconstruction of the mandibular or maxillary defects with segmented FFFs 

results in acceptable function, and good to excellent speech intelligibility and 

aesthetics.

Chapter 3, describes the virtualization of the “Rohner” method. In chapter 3.1, 

a case report of a 54 year old male who developed osteoradionecrosis of the 

mandible is described in whom a fully 3D digitally planned reconstruction 

of the mandible and immediate prosthetic loading using a fibula graft in 

a two-step surgical approach was performed. The essence of the applied 

technique is that planning starts with the preferred dental alignment of 

the prosthetic construction. Next, the FFF and the implants are planned in 

a position that allows for the wished reconstruction of the mandibula. The 

resection, cutting and implant placement in the fibula were all virtually 

planned. Cutting/drilling guides were 3D printed and the superstructure 

was CAD-CAM milled. The reconstruction was planned using SurgiCase CMF 

software (Materialize NV, Leuven, Belgium) and Simplant Crystal (Materialize 

Dental, Leuven, Belgium). In the first operation, the implants were inserted 

in the fibula and their position registered by an optical scanning technique. 

This scan defines the final planning of the superstructure. After the original 

virtual planning, the plan was updated with the real implant positions, the 

implant retained dental prosthetics was made. In the second operation and 

the area with osteoradionecrosis was resected, where after the fibula with 
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the integrated implants was harvested and, with the prosthetics fixed on the 

pre-inserted implants, placed in the mandibula guided by the occlusion. The 

outcome of this case was that it is possible to fully virtual plan a mandibular 

reconstruction with FFFs and implant retained dental prosthetics.

In chapter 3.2, a rather comparable case is described, comparable to the case 

described in chapter 3.1, with the exception that a screw retained bridge on 

the implants placed in the FFF was fabricated. The abutment of the bridge 

structure was individually CAD-CAM made of titanium and finished with 

composite. Placing the bridge in occlusion and accordingly fixating the graft 

with osteosynthesis plates resulted in a functional position of the FFF and 

bridge.

In chapter 3.3, it is illustrated that the virtual planning software and its 

application is also suitable for other free vascularized flaps through the 

planning of 2 cases: a free vascularized iliac crest flap and a free vascularized 

scapula flap. In the first case, virtual planning of a midface defect resulting 

from tumor resection was applied for a free vascularized iliac crest flap. 

The immediate reconstruction of the maxillofacial defect was followed by 

implant placement in a second stage. The second case describes the virtual 

planning of a prefabricated scapula flap for the secondary reconstruction of a 

mandibular defect. The scapula flap is prefabricated with dental implants and 

a split skin graft,  comparable to the approach as described in chapters 3.1 and 

3.2. On the implants an implant-retained fixed prosthetics was placed. Both 

cases were planned digitally and the surgery was facilitated guided through 

3D printed guides resulting in a functional position of the implant-retained 

superstructures. 

In chapter 4, an analysis of the accuracy of a complete virtual planning of a 

reconstruction in 11 consecutive reconstructive patients is described. The 

planning and surgery were executed according to the method described 

in chapter 3.1. The accuracy of placement of the fibula grafts and dental 

implants was correlated to the pre-operative 3D virtual plans by comparing 

pre-operative and post operative CBCTs. When superimposing the CBCT 

scans on the antagonist jaw, to represent the outcome of occlusion, a median 
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deviation of the fibula segments and implants of 4.7mm (Inter Quartile 

Range(IQR):3-6.5mm) and 5.5mm (IQR:2.8-7 mm) from the planned position 

was observed, respectively. In addition, superimposing of the CT scans on 

the fibula segments was performed to represent the surgical outcome of the 

implant placement, cutting of the fibula and placement of the prosthetics. 

This approach revealed a median difference of fibula and implant placement 

of 0.3mm (IQR:0-1.6mm) and 2.2mm (IQR:1.5-2.9mm), respectively. All implant-

retained prosthetic constructions functioned well. We concluded that the 

accuracy of 3D surgical planning of reconstruction of maxillofacial defects 

with a fibula graft and the implants is sufficient to ensure a favorable 

functional position of the implants and fibula graft. 

In chapter 5, a computer-aided designed and computer-aided manufactured 

(CAD-CAM) reconstruction plate is introduced. The purpose of the study 

described in this chapter was to analyze the accuracy of mandibular 

reconstructions using patient-specific CAD-CAM reconstruction plates as a 

guide to place fibula grafts and dental implants in a one-stage procedure using 

pre-operative 3D virtual planning. Seven consecutive patients were analyzed. 

In all patients the 3D accuracy of placement of the fibula grafts and dental 

implants was compared to the virtual plan. When the post operative CBCT was 

compared to the virtual plan, superimposing on the mandible, the median 

deviation was 2.5 mm (IQR:1.9-4.8 mm) for the fibula segments and 3.1 mm 

(IQR:2.3-4.2 mm) for the implants. The median mandibular resection planes 

deviated 1.9 mm (IQR:1.0-2.5 mm). When superimposed on the fibula segments, 

a median deviation of fibula and implant placement of 0.5 mm (IQR:0.2-1.6 mm) 

and 2.1 mm (IQR:1.6-2.5 mm) was observed, respectively. All implant-retained 

(fixed) prosthetics functioned well. We concluded that the patient-specific 

reconstruction plate is a valuable tool in the reconstruction of mandibular 

defects with fibula grafts and dental implants. 

3D virtual planning of secondary reconstructive surgery is a frequently used 

method for improving accuracy and predictability of the reconstruction. 

However, when primary applied to malignant cases, planning of the oncologic 

resection margins is difficult due to a lack of reliable visualization of tumors 

in the current 3D planning. Embedding tumor delineation on a magnetic 
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resonance image (MRI), similar to the routinely performed contouring of 

tumors ((CB)CT) in the radiotherapy plan, is expected to provide better margin 

planning thus bringing 3D virtual planning of primary reconstructions within 

reach. In chapter 6, a new software pathway is described embedding tumor 

delineation on MRIs within the 3D virtual surgical planning. The software 

pathway was validated in five bovine cadavers implanted with phantom 

tumor objects. MRI and CT images were fused and the tumor was delineated 

using radiation oncology planning software. This data was converted to 

the 3D virtual planning software by means of a conversion algorithm. 

Tumor volumes and localization were determined in both software stages 

for comparison analysis. After having proved that the 3D virtual planning 

worked in the bovine cadavers, the approach was also applied to three clinical 

cases. The results revealed that indeed the developed conversion algorithm 

allowed for translation of the tumor delineation data to the 3D virtual plan 

environment. The average difference in volume of the tumors was 1.7%, well 

within the limits allowing for a safe resection margin. It was concluded that a 

reliable software pathway has become available allowing for multi-modality 

image fusion for 3D virtual surgical planning. This software is currently in 

use to determine resection margins in primary 3D planned reconstructions of 

malignant tumors of the maxilla and mandible.

In the general discussion (chapter 7) the main results of the previous 

chapters are placed in a broader perspective. Based on the results of the 

research described in the previous chapters, it is concluded that accuracy 

in 3D planning and surgery is a sum of individual errors per step. Yet, the 

prefabrication of the fibula with implants is more accurate than positioning 

of the graft in the maxillofacial region. However, the magnitude of this error 

allows for general application of the developed technique in clinical practice.


