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Abstract
Purpose This study aims to evaluate the clinical and radiographic outcomes of dental implants, inserted in consolidated free bone
grafts; postsegmental mandibular resection, after following a fully guided staged protocol, which established a systematic
approach that correlates the grafted bone and the enclosed implants to the undisturbed mandibular segments and the maxillary
occlusal plane.
Methods Seven patients were enrolled in the study; all were diagnosed for mandibular locally aggressive tumors. All of the
patients were subjected to computer-guided segmental mandibular resections, secondary free iliac crest bone graft; aided by
computer-guided harvest and prosthetic guidance of the graft positioning and fixation. Finally, the guided bone grafts; after being
consolidated, received twenty-nine computer-guided dental implants.
Results By the end of the period of osseointegration, the predetermined criteria of implant success judged the success of twenty-
five implants, versus the failure of four implants, with (86.2%) percentage of success.
Conclusion The clinical and radiographic assessments demonstrated sound base bone grafts, which succeeded not only to restore
the native mandibular continuity and configuration but also to direct the fair-sized embedded dental implants into favorable
coastal locations and axial projections, which influenced a smooth prosthetic rehabilitation.

Keywords Computer-guided . Prosthetic-guided .Mandibular resection . Iliac crest . Free bone graft . Dental implants

Introduction

The loss of the mandibular continuity posttumor resections,
with the associated impaired deglutition and saliva control as
well as the defective pronunciation and mastication, remains
one of the most common and complicated challenges to max-
illofacial surgeons. The three-dimensional reconstruction of
the discontinued complex mandibular bony framework, along
with the enhancement of both proper soft tissue support and

occlusion rehabilitation, are time-consuming and sophisticat-
ed procedures [1].

The anterior iliac crest represents the most common donor
site for free bone block harvest. The relative ease of exposure,
the limited postoperative complications, and the ability of re-
trieval of tricortical blocks that confine abundant cancellous
bone that can be formulated to harmonize and fit diverse bone
defects; contributes to its wide acceptance [2]. However, the
delicate overlying cortical layer and the endochondral origin,
are accused of unpredicted graft resorption when integrates
with the intramembranous jawbones [3].

The harvest of suboptimal graft dimensions, or their erro-
neous positioning, usually compromises the facial esthetic and
the mandibular functions, and limits the capability of the iden-
tifiable later insertion of dental implants, threatening the sur-
vival of the implants and limiting the capacity of prosthetic
rehabilitation [4].

The introduction of the guided digital surgical simulation
allows for the preoperative preparation of the reconstruction
plates, to intimately adapt to the defect margins, admirably fix

* Amr Gibaly
amrgibaly1976@hotmail.com; amrgibaly@dent.bsu.edu.eg

1 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry,
MSA University, Sixth of October, Egypt

2 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry,
Cairo University, Cairo, Egypt

3 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry,
Beni-Suef University, Beni-Suef 62764, Egypt

Oral and Maxillofacial Surgery (2020) 24:189–201
https://doi.org/10.1007/s10006-020-00839-6

Full-staged digital and prosthetic guided protocol for the insertion
of dental implants in autogenous free bone grafts
after reconstruction of segmental mandibular defects

http://crossmark.crossref.org/dialog/?doi=10.1007/s10006-020-00839-6&domain=pdf
https://orcid.org/0000-0003-3126-6816
mailto:amrgibaly1976@hotmail.com
mailto:amrgibaly@dent.bsu.edu.eg


and secure the graft as well as fashioning the harvested bone to
mimic the constitution of the resected mandible. Based on the
data captured from the CT scans, surgical devices can be ob-
tained and transported to the surgical field, aiding in intraop-
erative shaping and formulation of the harvested graft to build
up the bulk of the resected mandible, aiming to afford proper
bone capacity and alignment, which would accommodate
suitable size dental implants and restore back the inter-arch
distance, setting up proper bone volume, height, and integrity
that secure both of the implant placement and survival [5, 6].
Moreover, the computer guidance enables the detection of the
ideal receiving dental implant beds, the identification of the
ideal implants angulations, and directs the exact execution of
the predetermined plan of implant insertion [7, 8].

In this study, the authors are evaluating the clinical out-
come of dental implants inserted in consolidated free bone
grafts after following a fully guided protocol; guided tumor
ablation, guided restoration of the mandibular discontinuity,
and guided installation of dental implants.

Patients and methods

Criteria of patient selection

Seven patients, five males and two females, ranging in age
from 20 to 42 years old were included in this clinical study;
all the patients presented with jaw swelling, pain, and pares-
thesia. The clinical and radiographic examinations as well as
the incisional biopsies confirmed the diagnosis of large locally
aggressive tumors of the body of the mandible, infiltrating or
markedly jeopardizing the inferior border of the mandible.
The histopathologic examination denoted five ameloblastic
lesions, a recurrent odontogenic keratocyst, and an
odontogenic myxoma. Patients with intraoral soft tissue de-
fects that would threaten the primary closure and those with
systemic diseases that would interfere with bone or soft tissue
healing were excluded.

The authors planned to subject the patients to fully guided
staged treatment protocol which constituted of:

1. Computer-guided segmental mandibular resection, along
with fixation of a pre-bent reconstruction plate, aided by a
prefabricated resection guide and a stereo model.

2. Digital and prosthetic guidance of harvesting and grafting
of an anterior iliac crest free bone graft, to match the
dimensions of the segmental defect with exceeded vertical
height, calibrated by a harvesting templates and a partial
denture.

3. Computer-guided implant placement, through the recon-
structed bone defect employing an implant patient-
specific surgical guide.

Preoperative virtual planning

From each patient, a preoperative multi-slice CTwas ordered
for the mandible, prior to each surgical stage, and for the same
side iliac crest before the second phase of surgery; the images
were imported to DICOM (Digi ta l Imaging and
Communications in Medicine) format, and demonstrated on
DICOM viewer software (Mimics 19.0; Mimics Medical
19.0, Materialise, Leuven, Belgium) to obtain coronal, sagit-
tal, and axial views. Three-dimensional reconstruction of the
CT images was then carried out to construct virtual mandibles
and iliac crests. By segmentation, the constructed mandibles
were separated and hidden, followed by duplication of the
skull. Using the “cut with a cutting plane” tool, anterior and
posterior osteotomy cutting planes were labeled on the com-
posed mandible in the 3D views to define the borders of the
intended segmental resections. Further segmentation of the
3D mandible was carried out to separate the tumor-affected
segment; then, the virtual resection was computed (Figs. 1 and
2).

In the unilateral cases, the segmented tumor-free part rep-
resented a mirror image, which was reversed to reflect the
opposite side. The reversed image was not only manipulated
to fit into the virtual postulated defects of the removed tumor-
affected segments but also processed to manufacture the du-
plicated bodies of the plastic stereo models that guided both of
preoperative bending of the reconstruction plates to bridge the
resected mandibular gaps and intraoperative shaping of the
harvested iliac crest grafts to identically match the configura-
tions of the resected mandibular gaps. On the other hand, a 3D
digital mandible of a very similar contour of another human
was employed to virtually construct the missing segment in
bilateral cases, where the lesion crossed the midline (Fig. 3).

By the end of this step, the virtual designing of patient-
specific cutting guides was formulated to allocate the exact
postulated resection margins intraoperatively and to bridge
the created defects, preserving the continuity of the proximal

Fig. 1 The three-dimensional reconstructed patient’s mandible
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and distal segments after detaching the resected section. The
virtual plan of resection employed a safety margin of 2 cm
beyond the radiographic margins of the tumors and located to
intervene in a virtual extraction socket (Fig. 4).

Virtual planning of the second stage of surgery employed
first calculating the geometric proportions of the resected
gaps, followed by planning (Mimics 19.0; Mimics Medical
19.0, Materialise, Leuven, Belgium) and 3D printing of tem-
plates that guides tri-cortical block iliac crest harvesting, that
matches the resected segment proportions with slight vertical
exceed and would follow the mandibular curvatures after be-
ing split (Fig. 5).

Before the third stage of surgery, the CT images of the
reconstructed mandibles were interpreted by 3-matic analysis
software (Materialise, Plymouth, MI, USA), which allowed
for the identification of the most suitable implant beds regard-
ing both bone quality and quantity. Implant patient-specific
surgical guides were virtually planned using Mimics 19.0
(Materialise, Leuven, Belgium) and fabricated to allow for

guided insertion of the dental implants into the identified beds
with the most favorable directions of implant projections
through the guided reconstructed bone (Fig. 6).

Surgical procedures

First-stage surgery

Computer-guided segmental resection

After scrubbing and draping of the surgical fields and subcu-
taneous injection of local anesthesia containing a vasocon-
strictor, a submandibular skin incision was sculptured
1.5 cm inferior to the inferior border of the mandible and
extended horizontally 1 cm beyond the planned anterior and
posterior margins of bone resection; after undermining the
edges of the flap, the platysma muscle was sharply incised
beneath the level of the marginal mandibular branch of the

Fig. 2 The virtual plan of
mandibular resection

Fig. 3 Photograph showing
preoperative bending of a
reconstruction plate guided by the
printed mandibular stereo model

Oral Maxillofac Surg (2020) 24:189–201 191



facial nerve. Blunt and sharp fascial dissection along the lat-
eral and medial aspects of the mandible were ascended to the
level of the inferior border of the mandible, the submandibular
salivary gland capsule was separated and protected, and the
facial vessels were identified, cut, and ligated. Finally, the
periosteum was incised along the inferior border of the man-
dible and widely elevated, considering the creation of supra-
periosteal dissection planes, where the bone cortices were vi-
olated by the tumor masses.

Intraoral buccal and lingual gingival incisions were carried
out 2–3 mm beneath the gingival crest of the teeth occupied
within the planned field of resection and extended beyond the
virtual resection margins, either in full or partial thickness
sculpt, based on the presence or absence of cortical
perforations.

Both of the extraoral and intraoral incisions were connected
along the lateral and medial aspects of the mandible,
completely displaying the field of resection, allowing for un-
restricted positioning and fixation of the virtual resection
guides, seated by hooking around and anchoring the inferior
mandibular border and locked by fine cortical drilling and
mono-cortical screw driving through the drilling sleeves

(Fig. 7). Once secured in place, an oscillating saw blades were
introduced through the cutting slots of the resection guides
under copious saline irrigation, marking the intended
osteotomy and initiating lines of cleavage, followed by extrac-
tion of the preplanned tooth and wedging of fine osteotomes,
which were tapped gently until the bone segments were
completely separated crossing the extraction sockets and care-
fully dissected from the attached muscles and detached free,
leaving the resection guides in place restoring the mandibular
continuity and preserving the relationship between the ampu-
tated segments.

Securing the model- guided reconstruction plate

The pre-bent reconstruction plates, guided by the printed ste-
reo model, were adapted to the bony defects and to both am-
putated segments, where they were secured in place to each
segment by at least three 2.7-mm bicortical screws; after as-
suring the stability of the reconstruction plates, the resection
guides were removed, homeostasis was affirmed, and the sur-
gical wounds were carefully toileted and irrigated, drained and
meticulously sutured in layers and dressed (Fig. 8).

The histopathological assessment of all the resected seg-
ments reported that the resection bone interfaces were free
from any tumor invasions.

Postoperative care

The patients were hospitalized for 48 h, administrated IV an-
tibiotics (ampicillin/sulbactam 750 mg q6h) and analgesics
(diclofenac sodium 75 mg IM q12h). The patients were
instructed to follow a regimen of an oral antibiotic (amoxicil-
lin/clavulanic acid 1 g q12h) and analgesics (lornoxicam 8 mg
q12h) for five more days and were recalled three times weekly
to monitor the soft tissue healing and to confirm the routine
use of mouthwashes for 10 days postoperatively, by the end of
which the skin sutures were removed and the patients were
encouraged to retain the normal jaw functions.

Fig. 5 The virtual plan of an iliac
crest graft harvest

Fig. 4 The virtual design of a patient-specific cutting guide
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Second-stage surgery (6 months later)

Preoperative fabrication of mandibular partial denture

Regular impressions were taken for the maxillary teeth and the
mandibular alveolar ridges, including the resected segment,
followed by bite registrations and routine manufacturing of
mandibular partial dentures, which were tried in; the clasps
were adjusted to properly anchor the undercuts of the neigh-
boring teeth, the occlusal surfaces of the dentures were adjust-
ed to properly interdigitate the corresponding maxillary teeth,
and then an arch bars were fixed to the buccal surface of the
dentures using self-cured acrylic resin.

Guided iliac crest harvest and graft

After regular draping of the surgical field, the pelvis was ele-
vated by hip rolls, delineating the anterior iliac spine and the
ilium tubercle. A skin incision was sculptured, and dissection
extended to the subcutaneous tissue and through the underly-
ing muscles to the periosteum of the iliac crest. The
subperiosteal elevation and severance of the attachment of
the iliacus muscle created a cleavage plane, along the medial
aspect of the iliac crest, which was employed for wide
subperiosteal dissection, elevation, and bone display. After
retracting the periosteum and safeguarding the abdominal
contents, the 3D printed computer-guided template was
aligned to determine the proposed margins of graft intake,
where a tricortical bone block was gathered. The harvested
block was split sagittally into the two shelves, which were
manipulated to delineate the resected gap on the stereo model
(Figs. 9, 10, and 11). Large bone curettes were rubbed to scrap
and collect the underlying cancellous bone, which was kept in
sterile saline. Hemostasis was confirmed and the wound was
sutured in layers.

The prefabricated mandibular partial dentures were then
seated in place and fixed to the maxillary teeth by wiring the
attached arch bars to a fastened maxillary one (Fig. 12). Only
an extraoral submandibular surgical approach was intervened
to disclose the resected mandible; the undisturbed oral-
mucosal coverage avoided salivary contamination and offered
confinement of the bone graft shelves, which were introduced
to merge with the inferior mandibular border and to gently
push the mucosa underlying the mandibular denture in an
upward direction, forcing the denture between the supra-

Fig. 6 The virtual design of an
implant patient-specific surgical
guide

Fig. 7 Photograph showing intraoperative positioning and fixation of a
printed resection guide
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occlusal bone graft and the interdigitating maxillary teeth, and
held in place secured to the suspended reconstruction plate;
constituting a transverse supra-occlusal platform (Figs. 13 and
14). The cancellous bone particulates were packed into the
graft gaps and compacted to restore the bulk of the resected
mandible. Layered suturing of the extraoral wound was pre-
ceded, followed by the release of the intermaxillary fixation
and the removal of the mandibular denture.

The same postoperative care protocol was followed, and
the patients were followed up periodically; clinical and radio-
graphic examinations were carried out throughout the treat-
ment duration.

Third-stage surgery (6 months later)

The grafted bones were left to consolidate for 6 months, after
which the reconstructed mandibles had been interfered with
dental implants, the prefabricated virtual implant patient-

specific guides were attached to the mandibular alveolar
ridges, and secured in place by gentle tapping of monocortical
bone pins through their guided small buccal inserts, to allow
for stable guided insertion of the selected dental implants into
the proposed beds, through the designed metal sleeves, repli-
cating the intended implant directions to establish ideal im-
plant projections through the guided bone graft (Fig. 15).

Twenty-nine dental implants (OneQ, DENTIS Co. LTD,
South Korea) were installed for the seven patients, and pros-
thetic rehabilitation was postponed for 6 months, as the im-
plants were left to osseointegrate; by that time, the inserted
implants were assessed both clinically and radiographically.
The detailed descriptive data of all the cases are represented in
Table 1.

The authors considered the criteria postulated by
Albrektsson et al. [9] for judging the success of the inserted
implants; the implants that showed an absence of pain and
signs of infection, immobile along with a radiographic

Fig. 9 The virtual design of an
iliac crest harvesting template

Fig. 8 Postoperative panoramic
X-ray showing the reconstruction
plate secured to the discontinued
mandibular segments
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absence of peri-implant radiolucency, and marginal bone re-
sorption less than 1.5 mm deemed successful. Periodic clinical
examination was scheduled throughout the 6-month period of
osseointegration; by the end of which, the patients were sub-
jected to CBCT, and the images were stored in DICOM format
and interpreted using OnDemand3D 1.0 software
(Cybermed., Seoul, South Korea), which constructed 3D
views of the installed implants and illustrated the level of the
surrounding crestal bone; mesial and distal to each implant,
and measured the span bounded by the roof of the implant
neck and the summit of the surrounding marginal bones
(Fig. 16).

Results

Seven patients were included in this study, all were diagnosed
for locally aggressive tumors involving dentate mandibular
regions; the patients were subjected to computer-guided

segmental mandibular resection, secondary digital and pros-
thetic guided free bone graft harvesting and grafting, followed
by guided insertion of dental implants.

Satisfactory mandibular segmental resection was came
across all the cases, executed by the aid of patient-specific
cutting guides, which admirably fitted and overlapped the
inferior mandibular border of all of the patients, and enabled
precise guidance of the saw blades to duplicate the intended
osteotomy; moreover, the intimate contact between the device
body and the mandibular bone, apart from the resected seg-
ments, maintained the integrity of the disconnected mandibu-
lar segments. On the other hand, the fixed guide prevented the
visual inspection of the osteotomy until completed.

The pre-bent reconstruction plates required little intraoper-
ative adaptation and were easily seated to bridge the resected
gaps, allocating the proximal segments and the condylar pro-
cess in the normal anatomic positions.

Healing was uneventful among all the patients; neither
wound infection nor dehiscence was observed. Although all

Fig. 11 Photograph showing
splitting the harvested block

Fig. 10 Photograph showing the
intraoperative iliac crest harvest
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the patients demonstrated massive facial edema, it was
completely resolved after 2 to 3 weeks postoperatively; all
the patients displayed repeatable occlusion with neither man-
ifestations of temporomandibular dysfunction nor apparent
mandibular deviation, throughout the whole follow-up
periods.

Although outlined the boundaries of the harvested blocks,
the virtual computer-guided templates lacked proper seating to
the underlying iliac crest, furthermore, simulating the curva-
tures of the stereo model represented a geometric challenge,
and additional block harvest was required in two cases. On the
other hand, the preoperative adjustments of the fabricated den-
tures ensured both retention of the prosthesis and interdigita-
tion to the corresponding maxillary teeth; guiding the simula-
tion of the native bone inclinations and the construction of
supra-occlusal crestal bone graft. The facial esthetics and the
retrieved mandibular configurations were acceptable.

Prior to the installation of the dental implants, the ra-
diographic examination revealed proper consolidation of
the grafted bone among all cases, with an acceptable res-
toration of the mandibular contour and well-seating of the
mandibular condyles in the glenoid fossae. All the recon-
structed mandibles demonstrated adequate capacities for
installing suitable size implants; however, variable de-
grees of bone resorption were detected in the grafted
segments.

All the implant patient-specific surgical guides showed in-
timate retention and were easily fixed in place, and the preop-
erative virtual selection of the bone beds seemed beneficial, as
the received implant sizes were suitable; furthermore, the dril-
ling resistance and the tactile primary stability of the inserted
implants suggested reasonable bone qualities. The minimal
diameter of the inserted implants was 3.7 mm and the minimal
length was 12 mm.

Fig. 12 Photograph showing the
prefabricated mandibular denture
secured to the maxillary arch

Fig. 13 Photograph showing
securing the bone graft shelves to
the reconstruction plate in the
planned position
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Throughout the period of osseointegration, the twenty-nine
implants were evaluated both clinically and radiographically,
the mucosal condition was convenient throughout all the
cases, and twenty-five implants matched the criteria of success
showing the lack of clinical signs of failure as well as optimal
osseointegration, with favorable full-length bone-implant in-
terfaces, along with minimal crestal bone resorption; further-
more, convenient implant angulations and projections that
would appropriately support the planned prosthetic plan were
figured out. On the other hand, four implants failed, three of
which failed to osseointegrate, showing fibro-osseous integra-
tion and mild to moderate inflammatory signs. Another im-
plant showed marked marginal bone resorption, along with
apical osseointegration; the failed implants were removed
and the marginally affected implant was left in place but ex-
cluded from the prosthetic plan, surveying a success percent-
age of 86.2% (Chart 1).

Four patients received fixed prosthesis, while implant-
supported overdentures were proposed for the other three pa-
tients. The authors expressed smooth prosthetic phase, the
patient’s interarch distances were appropriate, the implant’s
projections assembled perfect alignment of the attached abut-
ments; only three angulated abutments were needed among
the twenty-five connected, and minimal adjustments were re-
quired (Figs. 17 and 18).

Discussion

The mandible represents an extraordinary bony structure with
unique configurations, which is diverse in curvatures and pro-
portions among personnel. Restoring the native occlusion af-
ter mandibular resection demands not only bridging the dis-
continuity but also replicating the missing topography.

Fig. 15 Photograph showing
intraoperative positioning and
fixation of the implant patient-
specific surgical guide

Fig. 14 Postoperative panoramic
X-ray showing the reconstruction
plate secured to the reconstructed
mandibular segment
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However, the unavailability of a bone source that correlates to
the mandibular configuration necessitates fashioning of the
harvested grafts [5].

Implant rehabilitation of patients with reconstructed jaws
posttumor surgery have been declared the most successful
strategy for restoring the lost dental functions and esthetics,

along with preserving the bulk of the constructed bones [1].
However, the scenario is much more complicated than regular
implant surgery, as both of the grafted bone and the enclosed
implants must be situated in a harmony to constitute a com-
bined structure, which could be prosthetically related to the
neighboring mandibular teeth and the opposing maxillary

Table 1 Detailed descriptive data of the cases

Implant dimensions 
from left to right 

(diameter/ length)mm

Number of 
Implants

Type of the 
prosthesis

Size of the 
Defect

Cortical perforationsAffected

Area

Pathology of the 
Lesion

AgeSexPt 

4.7/12

4.2/14

4.2/14

4.7/14

4Fixed 

prosthesis
5 cmOcclusal perforation

Cystic Ameloblastoma 
type III

20Male1

4.7/14

3.7/14

4.7/14

4.7/14

4Fixed 

prosthesis
5.5 cmNo perforations

Cystic Ameloblastoma 
type III

30Male2

4.7/14

4.2/14

4.2/14

4.7/14

4Over-denture

5.5 cm

Lingual and buccal 
perforations

Follicular 
Ameloblastoma17Female3

4.7/14

4.2/12

3.7/12

4.7/14

4Fixed 

prosthesis
6.5 cmNo perforations

Recurrent 

Odontogenic kerato 

cyst26Female4

4.7/14

4.2/14

4.7/12

3.7/14

4Over-denture

12.5 cmNo perforationsOdontogenic Myxoma22Male5

4.2/14

4.7/12

5.2/14

3.7/12

4.2/14

5Over-denture

8 cmNo perforations

Follicular

Ameloblastoma23Male6

4.7/12

4.2/14

4.2/14

4.7/14

4Fixed 

prosthesis

6  cmLingual and buccal 
perforations

Follicular 
Ameloblastoma

28Male7
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arch; as less than ideal graft positioning would jeopardize the
installation of proper implant sizes with favorable projections,
with the consequent risk of implant failure and graft resorption
[10, 11]. The occlusion-guided planning of both graft posi-
tioning and implant installation secures that the prosthetic ref-
ormation would not be disabled by an unfavorable arrange-
ment of the implants and their enclosing bone, knowing that
the mandibular alveolar ridge and the occlusal plane lies lin-
gual to the buccally oriented reconstructed inferior mandibular
border [4, 12].

The full-staged guided approach postulated by the authors
aims to a gradual construction of a bone-implant framework
that would favorably restore the missing functions posttumor

surgery. The authors planned for supreme graft stability by the
intended intraoperative placemat of the resection margin to
cross an extraction socket to allow for wide bone interface,
which facilitated the later securing of the iliac crest graft be-
tween the amputated stumps, aided by the mandibular stereo
models, that guided the preoperative bending of the recon-
struction plates to provide supreme adherence to the attached
iliac shelves, which corresponds to Roden [13] who consid-
ered the soft tissue integrity, intimate graft contact, and rigid
fixation crucial for a succeeded bone graft. Zheng et al. [5]
considered that the preoperative simulation of mandibular re-
construction by assemblage of both stereo models and har-
vesting templates deemed necessary; as although the pre-

Fig. 16 CBCT interpreted to illustrate the level of the surrounding crestal bone along both of the mesial and distal aspects of each implant
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bent reconstruction plates restored the facial esthetics, the lack
of harvesting templates influenced a constructional dilemma;
the pre-bent reconstruction plate seldom matched the angula-
tions of the harvested bones precisely without detailed previ-
ous virtual planning.

The authors are relating the reconstructed bone capacity to
enclose fair size implants; regarding both diameter and length,
with favorable projections to the preoperative planning of the
computer-guided iliac crest harvest, which provided bone
shelves that bridged the resected gaps and engaged both of
the reconstruction plates and the amputated stumps, and to the
supra-occlusal prosthetically guided graft fixation, which re-
lated the graft to the occlusal plane with exceeded vertical
capacity that overcame the vertical bone resorption and con-
tributed for the reasonable interarch distances, observed
throughout all of the patients. It coincided with Zheng et al.
[5] who believed that the preoperative virtual planning
established a relationship between the mandible and the fibu-
lar bone graft, which needed to be determined individually to
generate an ideal occlusal relationship.

The 6-month period of graft consolidation appeared con-
venient to allow for the angiogenesis-graft turnover as the
vascular and cellular capacity of the free grafts are depleted
after being harvested, as the vascularity of the sites of the
implant osteotomy were appropriate.

The computer-guided implant drilling demonstrated good
drilling resistance that reflected acceptable bone quality for
most of the selected bone beds, and all of the installed im-
plants grasped proper primary stability, which was attributed
by the authors to the formulated sound base reconstruction,
the over-exceeded graft vertical dimension that reasonably
overcame the pattern of graft resorption, the ability of selec-
tion of the best bone beds, which figured out adequate vertical
height and bulk to accommodate fair size implants, in addition
to the execution of the exact virtual implant drilling, through
the predetermined pathways with the proposed angulations.

The authors considered the 6-month period of
osseointegration is fair enough to judge the clinical successes
of the inserted implants, based on Orentlicher and Abboud
[14] who stated, “Typically, most surgery-related implant fail-
ures occur within the first 3 to 4 months after placement.”

The smooth prosthetic phase was referred to the optimum
interarch distances induced by the supra-crestal bone graft that
conquered the graft resorption, and to the computer-guided
insertion of the implants into the exact predetermined inclina-
tions, which conducted favorable alignment of the attached
abutments, matching what was demonstrated by Lal et al.
[15].

Conclusions

The systematic staged and guided surgical protocol postulated
by the authors constructed a concrete graft, which restored the
lost mandibular continuity and anatomic configuration, and
located fair size dental implants into favorable crestal

Fig. 17 Photograph showing
uncovering of the implants, the
attaching gingival formers
demonstrates the alignment of the
supra-structure

Fig. 18 Photograph showing the fabricated implant-supported over den-
ture in place and figuring out the interarch distance
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locations and axial projections, demonstrating a high rate of
implant success and an ease of prosthetic rehabilitation.
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