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Abstract

Purpose: The aim of these case reports is to report the outcomes 
of free revascularized fibula grafts functionally loaded with fixed, 
Fiber-Reinforced Composite (FRC) Full-Arch Prostheses (FA), on ex-
tra short implants considering: the fibula bone adaptation; Marginal 
Implant Bone Loss (MIBL); and overall implant survival.

Patients and methods: Tumor patients with free fibula grafts fol-
lowing partial mandibular resections were included in this report. 
Mesial and distal peri-implant bone levels were evaluated on pan-
oramic radiographs, taken at the time of implant insertion (base-
line) and at follow-up visits when FRC prostheses were evaluated. 
The bony adaptation of the fibula graft to its newly functional load 
was also evaluated.

Results: One male and one female patient with a mean age of 71 
years, had a total of eight implants placed in Transplanted Revascu-
larized Free Fibula Grafts (TRFFG) with an average follow-up period 
of 123.5 months (10.3 years) (shortest 122 months (10.2 years), 
longest 125 months [10.4 years]) were included. The implant sur-
vival rate was 100%, but one implant was not loaded, because it was 
placed outside the functional mandibular arch. Only one implant 
had visible bone level changes. Both transplanted fibula bones had 
significant morphological bone adaptations due to their functional 
loading. This phenomenon is better seen in the radiographs of the 
female patient.

Conclusions: Fixed, FRC full arch prostheses retained by four and 
three extra short implants provided: A comparatively cost-effective, 
safe, and stable prosthetic restoration of transplanted fibula bone. 
The overall implant survival rate and the MBL after, up to 10.4 years 
(125 months) are equivalent to those of threaded standard-length 
implants.

Rolf Ewers1*; Mauro Marincola2; Paolo Perpetuini3; Estevam A. Bonfante4

1Former Head of the University Hospital for Cranio-Maxillofacial-and Oral Surgery, Waehringer Guertel 18-20. 1090 Vienna, Aus-
tria and Head of the CMF Institute Vienna, Roosevelt Platz 12 1090 Vienna, Austria.
2Implant Dentistry Center University of Cartagena, Cartagena, Colombia. 
3Dental Technician, Laboratorio Odontotechnico, Via Dante Alighieri 19, I-04012 Cisterna di Latina, Italy.
4Department of Prosthodontics and Periodontology, University of Sao Paulo - Bauru School of Dentistry, Bauru, SP, Brazil.

Keywords: Ultra-short implants; locking taper and 
conus implants; mandibula reconstruction; free re-
vascularized jejunal grafts; free revascularized fibula 
grafts; metal-free fiberglass-reinforced hybrid resin 
prostheses; CAD/CAM prostheses fabrication; bone 
transformation to functional load; fiber-reinforced 
composite full arch prosthesis.



www.jclinmedimages.org            Page 2

Citation: Ewers R, Marincola M, Perpetuini P, Bonfante EA. Case reports of functional adaptation of free fibula grafts in man-
dibula’s, treated with extra short implants. Open J Clin Med Images. 2023; 3(2): 1151.

Introduction

Ablative surgery with and without radiation is the current 
standard therapy for oral cancer [1]. Mandibular defects can 
cause severe functional and aesthetic deformities, and the 
three-dimensional complexity of bone, soft tissue, skin, and 
neuromuscular structures make the reconstructive surgery a 
challenge for surgeons [2,3]. When partial mandible resection is 
required, patients may develop esthetic and functional defects 
such as: facial asymmetry; collapse of the mid face; inferior la-
bial retraction; labial incompetence; salivary incontinence and 
difficulty in swallowing; limited oral aperture; deglutition; and 
speech articulation. All these severe sequelae generate a social, 
personal, and professional disability [4,5]. The goal of recon-
structive surgery is to restore patients, with surgical ablation of 
the jaw, to their premorbid state [6]. Although there are numer-
ous options for mandibular reconstruction, the fibula free flap 
has become the most popular vascularized graft to reconstruct 
composite or segmental defects in the mandible. This is due to: 
its versatility; predictability; and potential to be harvested as an 
osseous, myo-osseous, or osteo-cutaneous flap [7,8]. The type 
of reconstruction depends on several factors: Such as location 
of the defect; extension of the partial mandible resection; the 
type and extent of the intraoral and/or extraoral soft tissue de-
fects present; and the general condition of the patient [8-10]. 
Ideally, skin, soft tissue mucosa and bone should be matched 
to the characteristics of the flap prior to performing the recon-
struction. The reconstruction of the partially resected mandible 
can be done during the ablation of the tumor— we prefer this 
approach— followed by treatment of the mucosal defect with a 
jejunal free flap, and stabilization of the partially resected man-
dible with an osteosynthesis plate [11,12]. We perform the free 
fibula flap reconstruction of the partially resected mandible 
during a second stage operation [13]. Or perform the resection 
plus reconstruction with an osseous-cutaneous fibula free flap 
in a one stage operation [14]. The fibula has favorable bone 
quantity and quality for integration of dental implants, which 
facilitates the prosthetic rehabilitation [15,16]. Dental implants 
provide for an even distribution of the occlusal load on the man-
dible, which minimizes or prevents resorption of the bone graft. 
Survival of osseointegrated implants, and prosthetic rehabilita-
tion of reconstructed mandibles is extensively documented in 
the literature [17-19]. However, due to limitations of the height 
and contour of the fibula there remains a significant surgical 
and prosthetic challenge [20]. Restoration of a full complement 
of teeth may require several staged procedures over a six-to-
twelve-month period. The main disadvantage of fibula free 
flaps is their limited height of available host bone. The vertical 
height of the harvested bone is 1.3-2.3 cm [20,21]. To minimize 
the need for additional operative procedures, such as double-
barreling or vertical distraction osteogenesis [4,22]. We decided 
to use extra SHORT® Bicon implants (Bicon LLC, USA) [23].

Evidence exists suggesting that short implants perform as 
well as longer implants for the rehabilitation of edentulous 
sites. Therefore, for the rehabilitation of atrophic sites, the use 
of extra short implants has a significant advantage, and often 
precludes the need for bone augmentation [24]. Overall, pro-
spective studies now indicate similar survival and success rates 
for short and standard dental implants [25]. The all-on-4 con-
cept is considered a safe treatment option with predictable 

outcomes for the restoration of atrophic mandibles [26]. Im-
plant success rates are usually above 90%, and their long-term 
survival rates are acceptable [27-29]. The cost-effective use of 
only four implants to support a prosthesis, and the possibility 
of immediate loading, provide important advantages [30]. Re-
habilitation of free fibular grafts with dental implants can be 
even more challenging than treating atrophic mandibles [14]. 
Recently, the European Association of Dental Implantologists 
reached a consensus that short implants in atrophic sites are 
liable treatment option, and their risks are comparable to those 
of standard-dimension implants in combination with augmen-
tation procedures [31-33]. A recent oral reconstruction founda-
tion consensus report suggests that long cantilevers should be 
avoided in full-arch reconstructions of the posterior mandible 
with the use of short implants [34]. That said, the results of the 
present report, and the available evidence in the literature, in-
dicate that the use of extra short implants in an all-on-4 setting 
in the mandible is a warranted and a viable treatment alterna-
tive [35,36]. In a recent pilot study, were ported the results of 
Full-Arch, (FRC) prostheses using a fixed-on-4 extra SHORT®5.0-
mm implant approach [37-40]. The aim of the current report is 
to report the longer-term outcomes of splinted extra short im-
plants in free fibula graft reconstructed mandibles, in terms of: 
The functional morphologic bone changes; adaptations; mar-
ginal bone level changes; and the overall survival of implants 
and prostheses.

Patients, methods, and materials

After approval of the institution’s ethical committee was 
granted (No. 018/2011), a prospective study was initiated ac-
cording to the Declaration of Helsinki, as well as the Good Clini-
cal Practice guidelines. The results are reported according to the 
STROBE (Strengthening the Reporting of Observational Studies 
in Epidemiology) criteria [41].

Inclusion criteria: Patients aged between 68 and 74 years 
with free fibula transplant reconstructed mandibles were in-
cluded in this study after their written consent was obtained.

Exclusion criteria: The following exclusion criteria were 
adopted: presence of diabetes (hemoglobin A1c level >6.5%); 
smoking (>10 cigarettes per day); alcoholism; untreated peri-
odont it is in the opposing jaw; history of bacterial endocarditis; 
reduced general state of health; bisphosphonate, interferon, 
or glucocorticoid intake; rheumatic disease; untreated tumor 
disease; osteomyelitis; pregnancy; poor patient compliance 
and physical limitations interfering with oral hygiene; as well as 
participation in other medical studies 30 days before implant 
insertion.

Patient’s medical history: Both patients did not report about 
relevant medical, family, and psycho-social history including rel-
evant genetic information. Both patients had a squamous cell 
carcinoma of the left partial tongue, flour of the mouth and al-
veolar ridge of the mandible. The diagnosis was confirmed by 
the histology evaluation of the biopsy. The dimension of the 
tumor was evaluated by Computer Tomography and Magnetic 
Resonance Imaging. PET scans revealed no metastasis of the 
localized squamous cell carcinoma. The episode of care orga-
nized, and the timeline are described below. As the patient’s 
adherence was positive and they tolerated the Chemo- and 
Radiotherapy very well and the tumor operation with recon-
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struction showed a good result, we decided to perform the 
fibula reconstruction as the patients had a good prognosis. As 
the therapy was very well tolerated and so successful, we did 
not have to make any changes in our therapeutic interventions. 
There were no adverse or unanticipated events. Both patients 
had been very satisfied with their multiple steps-therapy and 
their outcome. The detailed surgical and prosthetic protocols 
were reported elsewhere along with their results [39,40]. The 
implants healed while submerged and were uncovered after 3 
months. Impressions were taken on the day of uncovering, and 
implants were loaded approximately two weeks later.

Operating procedure

Both patients received local anesthesia. Four extra SHORT® 
implants (Bicon, 4x5 mm, (260-340-255), Bicon LLC, Boston, 
USA) were placed in the transplanted fibula grafts. A crestal in-
cision was made in the transplanted fibula grafts in preparation 
for the osteotomies, using (Pilot Drill 260-101-001, and Latch 
Reamers 260-101-125 to -140) according to the Bicon implant 
slow-drilling protocol. The protocol also recommends placing 
the implants about 2.0 to 3.0 mm subcrestally (Figure 1). Ideal 
subcrestal placement was not always possible to achieve [42]. 
Following primary closure, all implants had an uneventful heal-
ing for at least 3 months before they were surgically uncovered.

Figure 1: Bone level of different implants within the same patient.

 Prosthetic procedure

After uncovering the implants, a full arch implant-level trans-
fer impression was made with four 2.5 mm impression posts 
and sleeves (260-100-413 and -414), and four Temporary PEEK 
Abutments with a 2.5 mm Post 260-340-745 to 260-340-765 
were placed. Approximately 10 days later, a try-in teeth ar-
rangement session to evaluate aesthetic and functional occlu-
sion of the prosthesis was completed. After another ten days 
the final full arch prosthesis was placed. Patients had received 
universal abutments 260-240-710 to 260-265- 725 (Bicon). The 
permanent full-arch CAD/CAM produced TRINIA prostheses 
were screw-retained with Hex Retention Screws (260-100-020) 
on Fixed-Detachable Abutments with 2.5 mm Posts (260-250-
213 to -255).

Prostheses description and evaluation

Frame works for the TRINIA™ prostheses were designed and 
milled from fiber-reinforced hybrid-resin composite 25.0 mm 
Ivory Discs (260-612-125) (TRINIA, Bicon LLC). Minimum FRC 
thicknesses were 2.0 mm around the abutments and 2.0 mm at 
the occlusal surface. Composite and acrylic resin teeth, as well 
as the polyceramic material, Ceramage (Shofu), were bonded 
onto the FRC framework.

Implant recall

Subsequent to the implant loading appointment, patients re-
turned for a six-month recall examination and on an annual ba-
sis. At each follow-up visit, the peri-implant tissues were exam-
ined, and a panoramic radiograph was taken. At patient recalls, 
their prostheses were evaluated for survival, which was defined 
as the prostheses remained in situ with, or without modifica-
tion for the observation period. 

Results

A total of 2 patients with partially resected mandibles be-
ing reconstructed by means of a revascularized free fibula 
graft were included in this report, 1 woman and 1 man. The 
mean age was 71 years. The average follow-up period of 123.5 
months (10.3 years) (shortest 122 months [10.2 years], longest 
125 months [10.4 years]). 

Patient-based implant survival

No implant was lost, so the survival rate of the implants was 
100%. However, one implant in the female patient could not 
be loaded, because it was positioned outside of the functional 
mandibular curvature. The cumulative implant survival rate was 
100%.

Morphological bone adaptations and changes

The well-known lack of the bone height in free fibula grafts 
being transplanted to the mandible [10,11]. Led to the decision 
to use extra short implants with locking-tapered fixed abut-
ments, which are cold welded to the well of the implant tresult-
ing a bacterially sealed connection. During functional loading, 
the implants and abutments have micro movement as a single 
unit in the fibula bone. This results in several phenomena, which 
we shall demonstrate in the two following patient cases [33].

1. Changes of bone volume 

2. Straightening of the cortex

3. Leveling defects in the cortex

4. Increase mineralization of the cortex

5. Changes of Gray Scale Value (GSV)

6. Marginal bone gain, if sub-crestally placed

7. Marginal bone loss, if not sub-crestally placed

Patient cases: Examples of Functional Morphologically 
Adapted Bone, Crestal Bone Gain, and Crestal Bone Loss: The 
first patient is a 68-year-old male with a squamous cell carci-
noma of the mandible involving the gingiva, the left side of the 
tongue, the floor of the mouth, and mandibular region of what 
would be teeth #18 to 26. Six weeks after preoperative radio-
chemotherapy 54 Gy, radical surgery was performed with par-
tial resection of the mandible, from the mandibular angle to 
the region of what would be tooth #28 and included a primary 
microvascular reconstruction with an osteo-cutaneous fibula 
flap [13,43,44].

Fourteen months later four implants, 4.0x5.0 mm calcium 
phosphate coated implants (extra SHORT® Implants, Integra-
CP® surface treatment, Bicon LLC) (260-340-255), were inserted 
into the transplanted free vascularized fibula graft in regions 
#19,22,25 and 27 (Figure 2).
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Figure 2: Panoramic radiograph of a 68-year-old patient after pri-
mary reconstruction with a free fibula graft and secondary implant 
insertion of four 4.0x5.0 mm extra SHORT® Bicon implants.

Six months later the four implants were uncovered, and a 
full arch implant-level transfer impression was made with four 
2.5 mm Impression Posts and Sleeves (260-100-413 and -414). 
After the impression of the freshly uncovered implants, we 
inserted four Temporary PEEK Abutments with a 2.5 mm Post 
(260-340-745 to 260-340-765). After approximately 10 days, a 
try-in of the prosthesis was completed. After another 10 days, 
the permanent full-arch CAD/CAM produced TRINIA 12 tooth 
prosthesis was screw-retained with Hex Retention Screws (260-
100-020) on Fixed-Detachable Abutments with 2.5 mm Posts 
(260-250-213 to -255) (Figure 3a and b). 

Figure 3a: Panoramic radiograph at initial loading of a screw-re-
tained fixation with Hex Retention Screws on Fixed-Detachable 
Abutments with 2.5 mm posts supporting the CAD/CAM produced 
TRINIA prosthesis.

Figure 3b: Full-arch CAD/CAM produced TRINIA-12 teeth prosthe-
sis, screw-retained with Hex Retention Screws (260-100-020) on 
Fixed-Detachable Abutments with 2.5 mm Posts.

Many authors report difficulties with the size of the fibula 
bone [38,39]. An additional problem is that the skin of the fibu-
la flap is sometimes very thick, with considerable mobility, and 
many hair follicles and is thought to be prone to peri-mucositis 
and peri-implantitis. If the peri-implant tissue around the fibula 
transplant lacks keratinized gingiva, a soft tissue adjustment is 
necessary. In such cases Vestibuloplasty with the placement of 
free palatal gingival graft is the procedure of choice [14,45].

A few months after initial loading, we recognized early peri-
mucositis around the implants 19,22 and 25 which were in the 
skin of the osteo-cutaneous fibula flap (Figure 4a and b). We 
performed a Vestibuloplasty with placement of a free gingival 

graft from the cheek region placed around the implants and in 
the fornix vestibule (Figure 5a and b) [46,47]. 

Figure 4a: Early peri-mucositis around the implant’s region 19,22 
and 25, in the skin of the flap area.

Figure 4b: The most pronounced peri-mucositis was present at the 
implant in region #19. 

Figure 5a: Free mucosal flap from the left inner cheek around the 
implant in region #19.

Figure 5b: Free mucosal flaps from the left and right inner cheek 
placed around the implants 19,22 and 25 and in the fornix vestibuli 
from region 19 to 25.

The free gingival graft from the cheek region around the 
three implants and in the fornix vestibuli healed satisfactorily. 
At the 10.2-year recall session the peri-implant soft tissues were 
healthy (Figure 6a and b) and the radiological results were posi-
tive (Figure 7). Additionally, patient was very satisfied with his 
full arch TRINIA prosthesis. 
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Figure 6a: Intraoral appearance at the 10.2 years recall session. 
The full arch TRINIA prosthesis was removed by unfastening the 
Hex Retention Screws from the Fixed-Detachable Abutments. Note 
the healthy peri-implant mucosa before any oral hygiene treat-
ment.

Figure 6b: Mucosa, 9 years after free mucosa transplant from the 
cheek region around implant region 22 before oral hygiene treat-
ment.

Figure 7: Panoramic radiograph at 10.2 years recall session. Two years prior to this session, the osteo-
synthesis plate had been partially removed. Note the crestal bone loss around the implant in the region 
19, which had not been sub-crestally positioned.

The following are observations regarding the male patient:

1. The absence of keratinized gingiva around the implant 
in the #19 region most likely led to peri-mucositis, which is sel-
dom seen around Bicon implants, but has been widely reported 
around implants with screw retained abutments [14,45,46]. 

2. The soft tissue peri-implant problems can be solved 
with free mucosal grafts from the inner cheek bilaterally.

3. Due to the longevity of function, the shape of the 
transplanted fibula adapted to an almost normal appearing 
mandibular body, comparable to the other side.

4. Because the patient had no opposing teeth, the func-
tional morphological bone adaptation in the cortical section of 
grafted fibula was not as dramatic as was expected.

5. The protocol of the Bicon implant indicates the im-
plant should be positioned at least 2.0-3.0 mm sub-crestally, 
[40,42]. Otherwise, you may observe crestal bone loss as seen 
in implant region 19.

The second patient, a 72-year-old female, presented with a 
squamous cell carcinoma on the left side of the mandible ex-
tending from the gingiva to part of the left tongue, the floor of 
the mouth, and the mandible from region from 17 to 27. After 7 
weeks of preoperative radio-chemotherapy with 54 Gy, we per-
formed radical surgery involving partial resection of the man-
dible, from the mandibular angle to region 27, and a primary 
micro vascular reconstruction with a vascular zed jejunal flap to 
close the mucosa defect [11,48]. An osteosynthesis plate was 
used to stabilize the mandibular defect. After three years with-

out tumor recurrence, we reconstructed the mandibular defect 
with a vascularized fibula graft. One year later, we inserted four 
4.0 x 5.0 mm calcium phosphate coated implants (extra SHORT® 
Implants, Integra-CP® surface treatment, Bicon LLC) (260-340-
255) in region 20,22,25 and 28 (Figure 8a and b). 

Figure 8a and 8b: Panoramic and lateral cephalometric radiograph 
after insertion of four 4.0x5.0 mm calcium phosphate coated extra 
SHORT® Bicon Implants into the fibula graft.

Eight months later, the four implants were uncovered, and a 
full arch implant-level transfer impression was made with four 
2.5 mm Impression Posts and Sleeves (260-100-413 and -414). 
After taking impressions of the freshly uncovered implants, we 
inserted four Temporary PEEK Abutments with a 2.5 mm Posts 
(260-340-745 to 260-340-765). Ten days later, a try-in teeth ar-
rangement session of the prosthesis was performed to evaluate 
the aesthetic and functional occlusion. After another 10 days, 
the permanent full-arch CAD/CAM produced TRINIA-9 teeth 
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prosthesis was fastened using Hex Retention Screws (260-100-
020) on Fixed-Detachable Abutments with 2.5 mm Posts (260-
250-213 to -255) (Figure 9a and b).

Figure 9a: Panoramic radiograph of the CAD/CAM produced TRIN-
IA prosthesis at initial loading after screw-retained fixation with 
Hex Retention Screws on Fixed-Detachable Abutments using 2.5 
mm Posts.

Figure 9b: Full-arch CAD/CAM produced TRINIA-9 teeth prosthe-
sis, fastened with Hex Retention Screws (260-100-020) on Fixed-
Detachable Abutments with 2.5 mm Posts in class III occlusal re-
lationship. 

The resection operation resulted in an inadequate lower left 
lip and fornix vestibuli. Additionally, the curvature of the left 
mandible was not optimal (Figure 10a and b) and resulted in 
the left middle implant being mal positioned. This led to an un-
esthetic and unacceptable result for the female patient. There-
fore, we decided to put this implant to sleep. 

Figure 10a and b: Asymmetric curvature of the mandible and ec-
centric position of the left middle implant.

The peri-implant tissue around a jejunal transplant lacks ke-
ratinized gingiva; therefore, soft tissue adjustment may be nec-
essary. Vestibuloplasty with placement of free jejunal mucosa 
graft is our procedure of choiceusing mucosa from the trans-
planted jejunum [47]. As stated in this case, due to the shallow-
ness of the lower lip and fornix vestibuli, we decided to perform 
a Vestibuloplasty with placement of a free jejunal mucosa graft 
taken from the healed transplanted vascularized jejunal graft 
and placing it around the implants in region of 22 to 28; and in 
the fornix vestibuli to elongate the lower lip (Figure 11a to c).

Figure 11a: Intraoral conditions before Vestibuloplasty after vascu-
larized jejunal graft and insertion of the four implants.
Figure 11b: Free jejunal mucosa graft from the well healed former 
transplanted vascularized jejunal graft. 
Figure 11c: Intraoral view, after free mucosal Vestibuloplasty with 
mucosa from the former transplanted well healed jejunal graft to 
the alveolar crest around the implants in region 22 to 28 and in the 
fornix vestibuli in order to elongate the lower lip.

The course of healing was satisfactory, and the patient was 
free of tumor recurrence. Figure 12 shows the intraoral condi-
tion 102 months (8.5 years) after Vestibuloplasty with free jeju-
nal mucosa graft.

Figure 12: Intraoral image taken 102 months (8.5 years) after the 
Vestibuloplasty with free jejunal mucosa graft before oral hygiene 
treatment.

At her last recall session, 10.4 years after initial loading of 
the three implants, the site was healthy, and the patient was 
very satisfied with the full arch TRINIA prosthesis. There was 
no recurrence of peri-mucositis as shown in Figure 13. The 
radiographic evaluation of her last panoramic radiograph at 
10.4 years control (Figure 14a and b) compared favorably to 
the one at initial loading (Figure 9a). The fibula bone has an 
almost round shape with about 4.0 to 5.0 mm thick cortical 
bone [24,14,20]. Due to the insertion of extra SHORT® implants 
and splinting the implants with the elastic framework, TRINIA® 
[49-52] there was an unexpectedly positive morphological bone 
adaptation due to functional loading [53-56]. This resulted in 
the leveling of the bony defect between the posterior and right 
middle implant and reshaping a cortical fibula cortex-like struc-
ture in the posterior part of the transplanted fibula. The flexibil-
ity of the TRINIA® prosthesis, probably increased as a result of 
having to put the mal-positioned middle implant to sleep; and 
the fact that the patient had at least at the beginning opposing 
natural teeth, though in a cross-bite relationship. The patient 
was very satisfied with this result as she could chew as before 
the tumor operation.
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Figure 13: Intraoral view at 10.4 years recall session before oral 
hygiene treatment.

Figure 14a: Panoramic radiograph at initial loading (above) (Figure 
9a) and at the last recall session 10.4 years after initial loading of 
the three implants (below).

Figure 14b: Magnified section of the panoramic radiographs of 
Figure 14a at initial loading (above) (Figure 9a) and at the last re-
call session 10.4 years after initial loading of the three implants 
(below).

Following observations could be made in this case:   

1. It is possible to leave locking tapered Bicon implants 
surrounded with loose jejunal mucosa as seen in Figure 11a and 
12; however, it was better to transplant free jejunal mucosa to 
get a more fixed mucosa tissue, which keratinizes slowly, and 
allows for elongation of the lip, if necessary.

2. Due to the longevity of function in this case, the shape 
of the transplanted fibula adapted more and more into a bi-
cortical fibula.

3. As a result of splinting the implants with the elastic 
framework TRINIA® [49-52] there was morphological bone ad-
aptation due to functional loading [53-56]. With leveling the 
bony defect between the posterior and right middle implant 
and reshaping a cortical fibula cortex structure like the posterior 
part of the transplanted fibula. 

4. Since the patient had opposing teeth, the functional 
morphological bone adaptation was dramatic in the cortical 
section of the former fibula cortex developing an almost normal 
looking fibula cortex.

5. As stated in its protocol, the Bicon implant should be at 
least 2.0-3.0 mm sub-crestally positioned, [39,40]. Otherwise, 
you will observe less crestal bone gain as seen in the left poste-
rior implant compared to the right middle implant.

Discussion

The aim of this report was to show the up to 10.4 year fol-
low-up results of fixed, full-arch prostheses using a fiber-rein-
forced composite frameworks supported by 4.0x5.0 mm extra 
short implants in vascularized fibula grafts. The cumulative 10.3 
year implant-based survival rate in this report was 100%, which 
is consistent with a recent study reporting excellent results of 
implant-fixed prostheses supported by extra short implants 
[35,57]. These results compare favorably with the results of 
prostheses fixed on implants of standard lengths [29,58]. Re-
cent studies have reported that 4 implants were sufficiently sta-
ble to support an over denture in the short-term and that the 
tilting of implants did not alter the peri-implant MBLs compared 
with conventional, axially inserted implants [32,59-62]. 

In the female patient of this report, the left medial implant 
had to be put to sleep, shortly after initial loading for to aesthetic 
considerations. The patient had been using/loading her fiber-
reinforced composite full-arch TRINIA® prosthesis on only three 
implants for 129 months (10.75 years) until she passed away. 
In the meantime, there are reports about positive results using 
only three extra SHORT® implants [59,63,64]. It has been shown 
that the observed occlusal force on each implant increases with 
fewer implants supporting a fixed prosthesis in the mandible. 
When the number of supporting implants is gradually reduced 
from 6 to 3 implants, the highest bending forces were found 
when only 3 implants were supporting the prosthesis. After 
125 months (10.4 years) of initial loading, the remaining three 
implants in our patient showed an uneventful follow-up. 

Revascularized free fibula grafts often are described as the 
workhorse of reconstructing resected mandibles [6,20,21]. The 
often-reported difficulties with the amount of the transplanted 
bone and the 4.0-5.0 mm thin cortical structure of the fibula 
(Figure 15) [5,13,65]. Are not a problem when using the extra 
SHORT® Bicon implants. In the last 13 years, it has been our 
experience that the shortness of the Bicon implants is a signifi-
cant advantage for bone modeling and remodeling due to the 
implant’s micro movement in the bone, which increases their 
functional load [40,56,63,64,66-68].

The (MBL) values remained stable in both patients on both 
mesial and distal sides of the implants. These values are compa-
rable with those of implants of standard lengths [32,59,60,69]. 
The design of this extra SHORT® implant presents a double 
platform switch that was designed to load bone coronal to the 
implant-abutment interface through the base of the abutment. 
In this platform design, an implant shoulder gradually slopes 
inward and coronally toward the implant-abutment interface 
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Figure 15: Cross section of a fibula with 4.0 to 5.0 mm thickness of 
cortical bone.

creating space for crestal bone, while the base of the implant 
abutment presents a loading surface through which compres-
sive loads are exerted on existing or potential crestal bone [70].

Only one implant had visible bone level changes. Both 
transplanted fibula bones had significant morphological bone 
adaptations due to functional loading consistent with Wolff’s 
law [53-56]. This phenomenon is especially seen in the female 
patient. The Gray Scale Value (GSV) has decreased translucency 
meaning increased mineralization. Trabecular formation can be 
seen as well.   

Crestal bone gain is mostly seen in un-splinted implants [71]. 
This phenomenon is seldom seen in splinted implants except 
when the prostheses are flexible, as with the TRINIA® material. 
Although the clinical significance of mandibular deformation is 
not fully understood, three different and simultaneous patterns 
of mandibular deformation have been reported to take place 
immediately upon mouth opening and closing. Therefore, one 
may not exclude the fact that harmful strains at the implant-
bone interface are due to the use of a rigid prosthesis frame-
work, indicating some forms of splinting may be a factor foster-
ing marginal bone loss [72]. The FRC material used as framework 
in the current report is more compliant to mandibular deforma-
tion due to its similarity to the modulus of elasticity of cortical 
bone when compared to chromium cobalt (240GPa), or zirconia 
(200GPa), [49-51]. The impact of prosthetic materials on mar-
ginal bone level warrants future clinical investigations.

The MBL of mesial and distal implants was significantly in-
fluenced by the insertion depth of the implant. Contrary to 
recent findings, implants performed better, when they were 
placed in a slightly sub-crestal position (bone level to implant 
shoulder) [73-78]. In contrast to threaded implants, locking-
taper implants which were placed slightly sub-crestally showed 
stable MBL values. Fixed, full-arch, FRC prostheses retained by 
three or four extra SHORT® implants provide a comparatively 
cost-effective, safe, stable alternative for prosthetic restoration 
of mandibular fibula grafts. In this report the overall implant 
survival rate and the MBL after up to 10.2 years are equivalent 
to those of implants of conventional lengths. Further, results 
of this report imply that extra SHORT® Bicon implants should 
be placed, as explained in the Bicon protocol, in a slightly sub-
crestal position to achieve optimal results.  

In one patient, we transplanted an osteo-cutaneous fibula 
flap and in the other a jejunal mucosa. We observed significant 
differences in peri-implant tissue behavior between both ap-
proaches. All the available literature recommends free keratin-
ized mucosa transplants because the skin of the fibula flap is 
thick and sometimes, shows considerable mobility, and may 

have hair follicles. Additionally, peri-implant soft tissue is prone 
to peri-mucositis [14,45,57,69]. Jejunal mucosa does resists 
peri-mucositis. However, it is better to replace loose jejunal 
mucosa with a free mucosa graft taken from the healed trans-
planted jejunal graft [47]. This procedure turned out to be very 
successful in our female patient.

Figure 16: Due to cold welding, the abutment has a self-locking 
connection with the implant: hence the abutment and the implant 
perform as a single unit.

Figure 17: Zipprich et al. [79,80]. shows in his radiographic mov-
ies with Bicon implants, that there is no movement between abut-
ment and its implant. With transversal loading of the abutment, 
therefore, there will be micro-movements of the short implant.

Conclusion

The shortness and the locking taper design of these extra 
SHORT® Bicon implants show the advantages of this special im-
plant system.

1. The cold welding of the conical abutment in the 
straight implant well results in a fixed immovable connection 
(Figure 16) and when the integrated abutment crown is loaded, 
the implant is also loaded (Figure 17) [79-81].

2. Because of the stability of the abutment/implant con-
nection the implant itself exhibits micromovements of the im-
plant in the bone (Figure 18) in turn this leads to modeling and 
remodeling and sometimes stimulates bone gain [63,64]. Addi-
tionally the extra SHORT® implants have a better stress distribu-
tion than standard long implants (Figure 19) [82,83].

3. The 4.0-5.0 mm thin cortical bone of the fibula is not 
a disadvantage when inserting Bicon SHORT® implants, since 
these implants are stable in a minimal thickness of cortical 
bone. 

4. The stability of the extra SHORT® implants and the 
flexibility of the CAD/CAM produced TRINIA full arch prosthetic 
reconstruction led to positive bone modeling and remodeling 
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Figure 18: Due to his finite element analyses, Müftü [82,83] postu-
lates; therefore, that short and, especially the extra SHORT® Bicon 
implants show a circular like movement during horizontal and ver-
tical loading.

Figure 19: Finite element analyses by Müftü, reveal [82,83] that 
short implants have a contralateral reaction to transversal dis-
placements, even at the tip of the implant unlike standard long 
implants as seen in the images above, with displacement on the 
other side of the implant, there will be pressure on the contralat-
eral side extending to the tip of the short implant.

during functional loading consistent with Wolff’s [53-56] and 
Frost’s laws [66-68]. 

5. With these two patients, we were able to observe the 
importance of adequate implant and prosthetic devices to en-
able bone to react positively with its modelling and remodeling 
ability according to Wolff’s [53-56] and to Frost’s laws [66-68]. 
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