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Abstract 

Objective: The objective of this study is to evaluate the crestal bone loss and survivability of 
dental implants in non-vascularized iliac crest grafts and free vascularized fibular flap in 
mandibular reconstruction. 

Materials and Methods: This study included eighteen patients which were divided into two 
groups. The first group (n=9) underwent non-vascularized iliac crest graft while the second 
group (n=9) underwent vascularized free fibular flap with delayed implant insertion in both 
groups. A total of 48 dental implants were placed and after 3 months, a second-stage surgery 
for implant loading with the planned prosthesis was performed. All succeeded implants were 
loaded with fixed implant supported prothesis. Radiographic assessment of crestal bone loss 
was recorded along with the percentages of the survived implants and statistically analyzed. 
The data was explored for normality using Shapiro-Wilk tests and were analyzed with 
independent t-test and Fisher’s exact test with a significance level of 0.05. 

Results: Crestal bone loss was significantly higher in the iliac graft group than in fibular graft 
group. Regarding the survivability results, 25 implants placed in the vascularized fibular graft 
group were successful in function. While for non vascularized iliac graft group 18 implants 
were successful. However, there was no significant difference between both groups. 

Conclusions: The crestal bone loss around the dental implants placed in vascularized free 
fibular grafts were less compared to those placed in non-vascularized iliac crest grafts. The 
survivability of the dental implants placed in both grafts were comparable.  

KEYWORDS: Crestal bone loss, Survival rate, Dental implants, Mandibular reconstruction, 
Iliac crest graft, Vascularized free fibular graft. 
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INTRODUCTION 

Dental rehabilitation is one of the most important goals in mandibular reconstruction 
and plays a key role in functional aspects as chewing, deglutition, speech, respiration, and 
aesthetic outcomes thus improving the quality of life of these patients. (1) Furthermore, the use 
of dental implants often helps reduce the risk of graft resorption. (2)  

Implants can be placed either in a non-vascularized iliac crest graft or a vascularized 
free fibular graft. The decision as to which donor site would be chosen for reconstruction 
depends on defect size, location, and the patient’s current dental status. The defect 
classification by Jewer et al., (3) was used to quantify the defects treated in this study.  

Because of vascularization of the fibular grafts, bone volume is expected to achieve 
higher stability and a lower resorption rate. (2) Furthermore, vascularized bone shows higher 
graft survival rates (4) and lower infection rates compared with non-vascularized bone. One 
major disadvantage of this kind of bone transplant is the small diameter of the graft. In dentate 
patients there are usually height discrepancies between the teeth bearing mandible and the 
grafted fibula. Furthermore, retention and angulation of dental implants can be difficult because 
of the limited graft height and abnormal occlusal relationships after mandibular reconstruction. 
(5)  

Another alternative is the non-vascularized anterior iliac crest graft. Its vertical bone 
volume is much greater, allowing for reconstruction having the original bone height of the 
dentate mandible. Additionally, a subsequent implant placement can be performed without 
creating unfavorable implant-to-crown ratios or requiring further surgical intervention. The 
capability of bridging larger segmental gaps, in comparison, is inferior to that of fibular grafts. 
Reconstructing large, continuous mandibular defects after ablative surgery with free non-
vascularized bone grafts usually results in high graft failure (6) and resorption rates. (2) 

Implants may be placed either at the time of reconstructive surgery (immediate 
implants) or later (delayed implants) (7). Although immediate implantation reduces 
rehabilitation time in oncologic patients, immediate placement of the implants may 
compromise bone viability, lengthen the operative procedure, or result in implant malposition. 
(8). 

However, delayed implant placement, which is done 6 months after the graft, when 
bone remodeling and muscle healing are complete (9) makes implant placement safer, helps to 
prevent implant failure resulting from inadequate placement (10), allows time for acquiring a 
good knowledge of the vascularization of the flap, evaluating the prosthetic need and 
motivation of the patient. (11). Other studies have shown that most of the bone remodeling and 
resorption on the graft takes place during the few months following the surgery. (12,13). 

The selection of the appropriate type of dental prothesis depends on several factors as 
excessive thickness and mobility of the overlying skin and soft tissues and obliteration of the 
vestibule may limit oral rehabilitation. (14). Acrylic resin prosthesis placed on implants 
surrounded by mobile soft tissues might cause inflammation and pocket formation. (15). 
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Therefore, to avoid persistent hyperplasia, resin reconstruction should be prohibited, and metal-
ceramic restorations should be favored. (10) 

Cone Beam Computed Tomography (CBCT) measurements for crestal bone loss 
around dental implants have been found to be applicable and repeatable, however, concerning 
its accuracy according to the previous studies by Martina Schriber et al., (16) to investigate the 
diagnostic accuracy of CBCT, the results showed high diagnostic accuracy for peri-implant 
bone defect detection regardless of the device, imaging setting or implant material used.  

No standardized definition of implant success has been established for this group of 
patients and local situations. Buch RS et al., (17) discussed the difficulty of standardizing the 
definition of implant success, even in non-reconstructed, healthy patients. They evaluated 508 
inserted implants using five different internationally accepted classifications and obtained 
different success rates for the same sample: 88% (Albrektsson criteria), 89% (Naert), 88% 
(Buser), 85% (NIH conference), and 75% (Jahn-d’Hoedt). (18) Moreover, Foster RD et al., 
(19) reported an implant success rate of 99 % in vascularized bone flaps versus 82 % in non-
vascularized bone grafts over a mean follow-up period of 3 years.  The aim of this in-vivo study 
is to evaluate the crestal bone loss and survivability of dental implants in non-vascularized iliac 
crest grafts and free vascularized fibular flap in mandibular reconstruction.  

Materials & Methods 

Patient inclusion criteria were traumatic injuries, gunshot injuries, tumor ablative 
surgeries, osteomyelitis, and osteonecrosis at the Oral and Maxillofacial Surgery Faculty of 
Dentistry, Ain Shams University, Egypt. 

 Patients with any cardiovascular or pulmonary disease or general medical condition 
hindering the fitness for general anesthesia or receiving radiotherapy after mandibular 
reconstruction or incomplete medical records were excluded. This prospective clinical study 
was approved by the Research Ethics Committee of Faculty of Dentistry, Ain Shams University 
(FDASU-RecD061814), confirming that the recognized standards have been followed 
(Declaration of Helsinki). Following the human rights put by Research Ethical Committee, 
Faculty of Dentistry, Ain Shams University who approved for this research, all patients signed 
an informed consent prior to inclusion in the study after explaining thoroughly the full 
treatment trial including all the benefits and the possible complications and risks, any patient 
who desired to leave the study or discontinue the treatment for any or no reason had all the 
right to do that. This study included 18 patients which were divided into two groups. The first 
group (n=9) underwent non-vascularized anterior iliac crest grafting while the second group 
(n=9) underwent vascularized free fibular flap with delayed implant insertion in both groups. 
Preoperative clinical and radiographic examination (Computed Tomography) (C.T) were done 
for all patients for measurements of the defect and virtual planning for resection. For patients 
undergoing reconstruction with iliac crest graft a routine C.T was done on the pelvis for the 
reconstruction planning. While, for patients undergoing reconstruction with free vascular 
fibular flap a routine C.T angiography and normal C.T on both lower limbs were done. The 
partial mandibular en bloc resection was classified according to Jewer et al., (3) depending on 
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the extent of the pathology and the planned resection, the partial mandibular resection included 
surrounding tissues such as mucosa, muscle, skin, and salivary glands. The resection was 
followed by an immediate mandibular reconstruction with either a vascularized free fibula graft 
or a non-vascularized iliac crest graft using the virtual surgical planning software Pro-Plan 
CMF (Materialise, Leuven, Belgium). 

After healing of the grafts, the prosthetic rehabilitation as well as the number and locations of 
implant placement for each case were assessed. A total of 48 implants (Ritter, GmbH & Co. 
KG, Biberach, Germany) were positioned. All the patients were selected as implant candidates 
based on the following criteria (20, 21): favorable prognosis after tumor resection based on 
grade and stage; good residual tongue function; absence of coexisting systemic diseases that 
could compromise osseointegration; sufficient bone quality and quantity; absence of 
untreatable soft tissue abnormalities and lack of trismus; good oral hygiene and high level of 
dental awareness with realistic expectations of the patient; favorable relationship between the 
mandible and the maxilla. After 3 months of implant insertion, a second-stage surgery for 
implant loading with the planned prosthesis was performed and the fibrous and keratinized soft 
tissue was revaluated. When required and applicable, additional soft tissue surgery was 
executed in terms of vestibuloplasty with free gingival grafts from the palate. All succeeded 
implants were loaded with fixed metal-ceramic implant supported prothesis. (Figure 1). Also, 
the clinical data are shown in Table 1. 
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Figure 1: (A) Preoperative view after reconstruction with a free fibula graft (B) Intraoperative 
view prior to implant placement. (C) Postoperative radiograph after implant placement. (D, E) 
Follow-up radiograph at one-year post-prosthetic loading. 

Table 1. Surgical defects, type of flap and rehabilitation characteristics. 

Patient Site of defect Bone 
Defect 

Type of flap Prosthesis 

M, 35 Anteroposterior LCL FFF Fixed 

M, 38 Anteroposterior LC FFF Fixed 

M, 40 Anteroposterior LC FFF Fixed 

M, 42 Anteroposterior LCL FFF Fixed 

M, 45 Anteroposterior LCL FFF Fixed 

F, 41 Anteroposterior LCL FFF Fixed 

F, 37 Anteroposterior LCL FFF Fixed 

F, 40 Anteroposterior LC FFF Fixed 

F, 38 Anteroposterior LCL FFF Fixed 

M, 38 Posterior L NV iliac crest Fixed 

M, 30 Posterior L NV iliac crest Fixed 

M, 45 Posterior L NV iliac crest Fixed 

M, 35 Posterior L NV iliac crest Fixed 

F, 33 Posterior L NV iliac crest Fixed 

F, 42 Posterior L NV iliac crest Fixed 

F, 39 Posterior L NV iliac crest Fixed 

F, 41 Posterior L NV iliac crest Fixed 

F, 37 Posterior L NV iliac crest Fixed 

*FFF: Free Fibular Flap

*NV: Non-Vascularized

Radiographic assessment of crestal bone loss was recorded by CBCT (Planmeca 
Romexis, Helsinki, Finland.) radiographs taken immediately after implant insertion, at 3 
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months after the implant insertion for both groups and at 1, 2-, 3-, 4- and 5-years 
postoperatively. Measurements were made mesiodistal and buccolingual to each implant by 
means of a digital millimeter ruler, measuring the distance between the top of implant head 
shoulder and the most coronal level of direct bone-to-implant contact. The bone level measured 
on radiographs taken immediately after implant insertion were considered the “baseline” for 
further measurements, two blinded independent observers measured the bone loss & analyzed 
the outcome in a standardized manner. 

We adopted the Albrektsson’s criteria (22) to define the implant survival: absence of 
persistent pain; absence of mobility; absence of infection; absence of continuous peri-implant 
radiolucency. Implant failure was defined as implant removal. The follow-up examination was 
performed according to a standardized protocol, including clinical examination, radiological 
evaluation and patient interview. Routine radiographic documentation was obtained with 
CBCT radiographs taken preoperatively, immediately after implant insertion, at the time of 
prosthetic rehabilitation and annually thereafter. Questions were posed to the patients covering 
five general groups of problems: nutrition, speech, salivary production, oral competence and 
esthetic. To evaluate the outcome, we adopted the categorization proposed by Iizuka T et al., 
(23); deglutition: normal diet, soft diet, feeding tube diet; speech: intelligible, intelligible with 
effort or unintelligible; oral competence: normal competence, drooling. Patients were also 
asked whether they had problems with their facial appearance. 

Results 

Categorical data were presented as frequency and percentage values and were analyzed 
using Fisher’s exact test. Numerical data were presented as mean and standard deviation values. 
They were explored for normality by checking the data distribution using Shapiro-Wilk test. 
Data showed parametric distribution and were analyzed using independent t-test. The 
significance level was set at p ≤0.05 within all tests. Statistical analysis was performed with R 
statistical analysis software version 4.1.3 for Windows.  

Independent t-test showed that the crestal bone loss was significantly higher in the iliac 
graft group (0.92±0.07 mm) in comparison to fibular graft group (0.89±0.02 mm) (p=0.032) 
(Figure 2). 
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Figure 2 - Bar chart showing average crestal bone loss (mm) for both groups. 

Regarding the survival rate results, Fisher’s exact test showed that out of the 27 
implants placed in the vascularized free fibular graft group, 25 (92.5%) were successful in 
function and 2 (7.5%) failed. While for non vascularized iliac graft group, out of the 21 
implants, 18 (85.7%) were successful and 3 (14.3%) failed. There was no significant difference 
between both groups (p=0.6413) (Figure 3).  

Figure 3 - Bar chart showing survivability of the implants in function. 

Also, functional and aesthetic results are presented in Table 2. 

Table 2. Functional and aesthetic results. 

Characteristics No. of patients % 

Diet Normal 

Soft 

Feeding tube 

12 

6 

0 

66.7 

33.3 

0 

Speech Intelligible  

Intelligible with effort 
Unintelligible 

14 

4 

0 

77.8 

22.2 

0 

Oral competence Normal 

Drooling 

17 

1 

94.4 

5.6 

Aesthetical perception Good  15 83.3 
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Moderate 

Poor 

2 

1 

11.1 

5.6 

Discussion 

The present study aimed to evaluate crestal bone loss and survivability of dental 
implants in non-vascularized iliac crest grafts and free vascularized fibular flaps in mandibular 
reconstruction. Partial mandibular resection and reconstruction with either vascularized fibular 
grafts or with non-vascularized iliac crest grafts proved to be an efficient and safe treatment. 
The results of this study regarding crestal bone loss demonstrated that vascularized free fibular 
graft had lower bone resorption in contrast with non-vascularized iliac crest graft. The higher 
bone resorption rate in the iliac crest graft group may be attributed to its endochondral origin 
(24, 25), and cortico-cancellous morphology. (26, 27). The findings of this study are in 
accordance with a study reporting 16.7% resorption for iliac crest graft and 9.1% for free fibular 
graft 1-year postoperatively. (4) 

Concerning the radiographic evaluation of the crestal bone loss around dental implants 
placed in both grafts which was done using CBCT, it was found that CBCT was more accurate 
and with higher applicability & repeatability. As using a paralleling technique RVG with 
customised bite block in patients reconstructed with vascularized free fibular graft was difficult 
due to excessive thickness, mobility of the overlying skin and soft tissues and obliteration of 
the lingual vestibule which limited the use of this technique. (14), which is consistent with 
previous studies by Martina Schriber et al., (16).  

Regarding the results of the survival rate of the implants in the present study, 25 
(92.5%) implants placed in the free fibular graft group were successful and in function which 
was statistically non-significant compared with those placed in the iliac crest graft group, where 
18 (85.7%) were successful. Following Albrektsson’s criteria (22) in addition to radiographic 
evaluation of crestal bone loss around dental implants placed in both vascularized free fibular 
graft and non-vascularized iliac crest graft. These results were consistent with the overall dental 
implant success rate of previous studies. (19, 28) 

Conclusion 

Within the limitations of this study, the crestal bone loss around the dental implants 
placed in vascularized free fibular grafts was less compared to the implants placed in non-
vascularized iliac crest graft. The survival rate of the dental implants placed in both 
vascularized free fibular grafts and those placed in non-vascularized iliac crest graft were 
comparable. Therefore, the following study recommends submerging the dental implants 
placed in iliac crest grafting by at least 2mm to compensate for the crestal bone loss that will 
occur around the dental implants. Using under sized drilling or the use of osseo-densification 
technique (Densah burs, Versah UK Ltd.) in iliac crest grafts in implant placement technique 
accommodates for higher success rates. Using bicortical implant placement technique with 
low-speed drilling and high torque in free fibular grafts is recommended to decrease crestal 
bone loss. 
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