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Abstract

Background: This study aimed to analyze the effectiveness of virtually designed

polyether-ether ketone (PEEK) sheets to delineate and maintains the three-

dimensional patient's maxillary alveolar ridge.

Materials and methods: Fourteen patients (34 implants) with severely atrophied

anterior maxillary alveolar ridges underwent rehabilitation using custom-made

CAD/CAM PEEK sheets acting as a containment system for interpositional mix of

particulate autogenous and xenogeneic bone graft, fixed by mono-cortical screws.

Radiographic Assessment included measurements of linear changes in the vertical

and horizontal dimensions on cross-sectional cuts of computed tomography (CBCT)

using special software.

Results: Wound healing was uneventful for all the patients except one patient that

showed wound break down 2 weeks postoperatively, which did not affect the out-

come of the procedure. CBCT scans were interpreted to compare the quantity

of both vertical and horizontal bone preoperatively and 6 months postoperatively.

Statistical analyses demonstrated a significant difference between the results

of both time intervals, with a mean vertical and horizontal bone gain was 3.47 mm

(±1.46) and 3.42 (±1.1) with a P-value of (.0001). The customized sheets were

removed 6 months postoperative with the successful placement of dental implants.

Conclusion: The virtual planning of three-dimensional maxillary alveolar ridge aug-

mentation utilizing patient-specific PEEK sheets deemed successful to restore the

deficient ridge and to accommodate suitable size dental implants.

K E YWORD S

computer-guided bone augmentation, deficient maxillary alveolar ridge, polyether ether-

ketone (PEEK)

1 | INTRODUCTION

Bone remodeling after teeth extractions often attributes to ridge

insufficiency for proper placement of dental implants, along with the

scarcity of the overlying soft tissues; constituting a major reconstruc-

tive challenge.

Different surgical principles were postulated to solve these

dynamic deficiencies; horizontal and vertical bone augmentation,
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distraction osteogenesis, ridge splitting, and guided bone regeneration

are commonly intervened.1-4)

Khoury and Ponte in 20045 described the cortical- shell technique

for bone grafting; biologically based on assembling thin cortical bony

shells to frame the residual deficient ridge, to confine an outline that

would enclose the harvested cancellous bones and compose a barrier

that would prevent the fibrous in-growth without jeopardizing the

graft vascularity. Although reliable, the procedure is technically

demanding and associates donor site morbidity.

The rapid evolution in virtual planning, computer-aided design/

computer-aided manufacturing (CAD/CAM) and rapid prototyping

technology has facilitated the creation of custom three-dimensional

frameworks in Oral and maxillofacial surgery.

Among various alloplastic materials, polyether ether-ketone

(PEEK) has emerged as an attractive option for grafting procedures

due to the high fatigue resistance and yield strength, lightweight, and

is stiff and durable.

This study aims to analyze the effectiveness of virtually designed

and digitally milled PEEK sheets to delineate and maintains the three-

dimensional patient's customized maxillary alveolar ridge, sharing the

same biologic principles assumed for the cortical-shell technique.

2 | PATIENTS AND METHODS

2.1 | Criteria of patient selection

Fourteen patients; nine females and five males, were included in the

study. All of the patients demonstrated massive maxillary alveolar

ridge resorption that figured out the requisite of bone; after being

subjected to clinical ridge mapping and CBCT interpretation. The

patients that demonstrated history of systemic disease or local bone

pathologic condition were excluded.

2.2 | Planning and manufacturing techniques

CBCT was ordered from all the patients and obtained in Digital Imag-

ing and Communications in Medicine (DICOM) format, then imported

to DICOM viewer software (Mimics 19.0; Mimics Medical 19.0, Mate-

rialize, Leuven, Belgium) to obtain an axial, coronal and sagittal views.

A 3-D model of the patient's skull was calculated, which was followed

by virtual segmentation using the “cut with a cutting plane” tool. The

Deficient maxillary alveolar ridge was separated from the surrounding

regions (Figure 1).

The customized sheets started with virtual contouring of buccal

and palatal sheets to enclose a gap with the desired vertical and hori-

zontal dimensions to receive particulate grafts (Figure 2). A later modi-

fication of the previous design was implemented by designing an

interconnecting part, which transformed the assembly into a single

sheet that convene the whole ridge, to allow for better intraoperative

graft coverage at the crestal portion (Figure 3). The Location of the

fixation screws was selected to direct the screws into areas of suffi-

cient bone, irrelevant to the proposed future implant positions.

Medical-grade (PEEK) blocks were milled by a five-axis milling

machine to formulate PEEK sheets that duplicate the exact virtual
F IGURE 1 Preoperative CBCT showing vertical and horizontal
deficiency

F IGURE 2 Preoperative virtual
planning showing the design of the
separated buccal and palatal peek sheets
pt no. 1 and 2. Right photo represents
virtual implant placement away from
future positions of the fixation screws
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plan (Figure 4). Finally, the sheets were sterilized by being immersed

in 2.4% glutaraldehyde (Cidex, Johnson & Johnson Co.) for 12 hours.

2.3 | Surgical Procedure

The surgical procedures were performed under local anesthesia.

Scrubbing and draping of the patients were carried out in a standard

fashion using Bovidine-Iodine (Betadine, Purdue products; L.P. USA)

surgical scrub. Autogenous particulate spongy bone was harvested

from intraoral donor sites; either the chin or retromolar region, using

an autogenous chip maker drill (ACM; Neobiotech, USA). The col-

lected particulate bone was preserved in a sterile saline solution. The

donor sites were then closed using resorbable Vicryl suture material.

Before approaching the recipient site, local anesthesia was

injected to the deficient maxillary esthetic zone (Articaine 4%,

Septodont, France) for hemostasis.

Full-thickness three-line pyramidal mucoperiosteal flaps were ele-

vated to expose the deficient ridges. Bleeding points (decortication)

F IGURE 3 Virtual design of the modified sheet showing the
future fixation positions (brown cylinders) and proposed implant sites

F IGURE 4 3D milling for fabrication
peek sheets. Hole representsfixation
positions

F IGURE 5 Patient number 1 (A) full thickness flap reflection for ridge exposure. B, Buccal and palatal peek sheet fixation with miniscrews. C,
Application of particulate mix of xeno and autograft in 1;1%
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were done using a small rounded bur to expose the underlying mar-

row; hoping to potentiate the graft consolidation. The sheets were

then fixed in place by inventing the micro-titanium screws through

the pre-planned holes; both buccally and palatally. The particulate

cancellous bone was mixed with xenograft (Geistlich Bio-OSS, Swit-

zerland) in 1:1 ratio (Figures 5–7).

A periosteal releasing incision was done for tension-free closure

on the underside of the flap using a sharp 15 C surgical blades. The

flaps were then sutured with single interrupted sutures using proline

4-0 (Ethicon US LLC, USA).

2.4 | Second stage surgery

Six months later, PEEK sheets were removed, after elevating full-

thickness flaps that wildly exposed the buccal and palatal extent of

the assembly, followed by dental implants insertion, with a total num-

ber of 34 implants (Figure 8).

2.5 | Study variables and measuring the final
horizontal and vertical bone gain (standardization of
calculations)

The bony floor of the nasal floor and the maxillary sinus was used as a

fixed anatomical reference. By adjusting the cross-sectional long axis

in the center of the region of interest and bisecting it. The three-

dimensional bone gain was estimated on the cross-sectional cut of

CBCT, and at each proposed future implant position, by labeling a line

from the crest of the ridge to the apical region. Bone height and the

width were estimated preoperatively, immediately (1 week) and

6 months postoperatively. All patients had worn a radiographic stent

F IGURE 6 Patient number 2 (A) full thickness flap reflection for ridge exposure. B, Buccal and palatal peek sheet fixation with miniscrews. C,
Application of particulate mix of xeno and autograft in 1;1%

F IGURE 7 Modified peek sheet fixed
in place with mini-screws

F IGURE 8 Patient number
1, (A) sheet removal (B) paralleling pins
showing final implant positions
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with radiopaque material (barium sulphate mixed with acrylic powder)

filling the teeth at the area of interest, to ensure that the calculations

were taken at the same area.

2.6 | Statistical analysis

Statistical analysis was performed using SPSS version 20. Data was

represented as means and standard deviations. The kolmogorov-

Smirnov test was used to explore the normality of data distribution.

Repeated measures ANOVA was used to compare variables within

the studied group. If ANOVA was significant pairwise comparisons

were done using a Bonferroni correction to detect where the differ-

ence is. All P-values are two-sided. In all tests, P-values <.05 were

considered statistically significant.

3 | RESULTS

Patient-specific PEEK sheets were virtually planned and man-

ufactured, to establish three-dimensional anterior maxillary alveolar

ridge augmentation for 14 patients (five males and nine females) with

a mean age of 29 years. All the sheets were loaded with 50:50 mix-

tures of xenograft and autogenous bone grafts. A total of 34 dental

implants were placed for the14 patients after graft consolidation.

All the patients demonstrated uneventful wound healing, except

one patient (patient number 2) who showed wound dehiscence and

sheet exposure 1 week postoperatively. The dehiscent wound was

conservatively treated by regular saline irrigation and observed every

other day until healed; however. The outcome of the assembly was

satisfactory.

Patient number 3; showed very poor quality of bone and massive

fibrous integration upon the second stage surgery, which directed the

authors to modify the sheet design to include an inter-connecting part

that covers the crestal portion of the graft. The defective ridge was

treated with guided bone regeneration, resorbable collagen membrane

was utilized to cover the received graft; postponing the implants

insertion.

CBCT scans were interpreted in comparison between the quan-

tity of both vertical and horizontal bone preoperatively and 6 months

postoperatively. The obtained bone measurements were submitted to

statistical analyses. There was statistically significant difference

between the results of both time intervals, with a mean vertical and

horizontal bone gain P value of (.0001; Tables 1 and 2), (Figures 9

and 10).

Successful placement of suitable size dental implants (Screwplant,

Implant Direct LLC, USA) was expressed by the authors, furthermore,

reasonable degrees of implants primary stability were tactile.

4 | DISCUSSION

The rapid evolution of the applications of (PEEK) in reconstructive

and maxillofacial fields, contributes to its biocompatibility and favor-

able mechanical properties; being quite similar to the human bone

modules of elasticity. The use of PEEK implants become increasingly

common for oral and maxillofacial reconstruction that has been widely

documented in the literature, a lot of applications were done such as

onlay custom made implants for restoration of facial symmetry,6

resections and reconstruction,7 cranioplasties,8 and alveolar ridge cus-

tomized augmentation.9,10

The (PEEK) demonstrates a quite similar modulus of elasticity to

the human bone (3-4 GPa), in addition to favorable stress shielding

nature, which attributes to the related preserve of the human bone.

Furthermore, it exhibits an outstanding combination of strength, stiff-

ness, durability, and environmental resistance and degradation resis-

tance. On the other hand, the lack of any osteogenic potential and

bone integration have precluded the potentiality to replace Titanium.11

A large variety of barrier membranes have been used for Guided

bone regeneration procedures. The barrier biocompatibility represents

the most important criteria of selection of the barrier materials used

in GBR.12 However, the principles of GBR regret the creation of an

enclosure that entails the construction of an alveolar ridge with defi-

nite pre-determined dimensions.

Titanium-meshes have been shown to be very predictable in

increasing the bone volume of deficient alveolar ridges. Nevertheless,

the stiffness of titanium meshes represents a major drawback that

attributes to the high incidence of soft tissue-break down and graft

exposure.13 On the other hand, both PEEK tensile strength and resil-

iency are more admirable to the human bones.10

Although this study lacks a comparative control group, the

authors are referring the smooth insertion of suitable sized dental

implants to the preoperative virtual planning that allowed for the

exact creation of the designed interpositional gaps, which accommo-

dated and preserved the integrity of appropriate vertical and horizon-

tal graft dimensions.

TABLE 1 the mean increase in the
bone height and width between pre and
6 months postoperatively

Mean (mm) Std Repeated measures ANOVA p value

Vertical height Preop 9.56 1.54

.0001Imm. postop 14.30 1.44

6 M postop 12.67 2.03

Horizontal width Preop 2.59 0.92

.0001Imm. postop 6.86 1.1

6 M postop 6.01 0.94
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TABLE 2 Bone height and width pre, immediate, and 6 months postoperatively, and implant height and diameter

Implant number Preop. vertical height (in mm) Immediate postoperative 6 months postoperative Implant height (in mm)

1 9.2 14.3 13.2 11.5

2 11.7 16 14.2 11.5

3 10.1 15.3 12.8 10

4 12.5 17.6 13.4 11.5

5 11.1 15.6 13.2 10

6 10.34 13 12 10

7 9.8 16.7 14.4 11.5

8 9.2 13 12.2 10

9 8.7 13 12.8 10

10 6.9 12.4 11.8 10

11 6.6 12.2 12 10

12 7.4 15.7 13.4 11.5

13 7.8 14 13.3 11.5

14 9.8 14 13.1 11.5

15 10.2 15.6 14 13

16 11 15 14.5 13

17 11.3 13.7 11.4 10

18 10.7 15 12 10

19 10 16 14.2 13

20 8.9 14 13.6 11.5

21 7.8 12.3 12 10

22 8.8 13.7 13 11.5

23 6.9 12 12 10

24 9 14 13.4 11.5

25 9.7 12.8 12.2 10

26 11.1 15 14 11.5

27 10 14 13.3 11.5

28 11 14.6 13.3 11.5

Implant number Preop. horizontal width(in mm) Immediate postoperative 6 months postoperative Implant diameter (mm)

1 3.6 8.2 6.1 4.2

2 2.2 6.7 6 4.2

3 3.1 8 6.8 4.2

4 4 9.5 6.8 4.2

5 4.2 7.7 7 5.5

6 2.5 8.3 7.5 4.2

7 2 6 6 4.2

8 2.3 6.7 6.1 4.2

9 3 8 7.7 4.2

10 2.8 7 6 3.7

11 1.9 7 6.1 3.7

12 1.7 5 4.3 3.3

13 2.2 6 5.7 3.7

14 3.8 7 6.6 3.3

15 3.9 8 5.2 4.2

(Continues)
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To the best of our knowledge, the authors are presenting the first

report of using custom PEEK sheets in a GBR procedure for the

reconstruction of 3D maxillary alveolar ridge defects to accommodate

the placement of dental implants; which demonstrated a significant

difference (P-value = .0001) regarding both vertical and horizontal

bone gain between the preoperative and that of the 6 months postop-

erative bone dimensions. The mean bone gain in vertical dimension

was (3.47 mm) and (3.42 mm) for the horizontal gain, which correlates

with the results demonstrated by Malmström et al14 who utilized

ceramic sheets in guided bone regeneration, and reported a vertical

dimension volume gain of 1.67 mm for the first patient, 3.88 mm for

the second one and 3.15 mm for the third.

The authors are referring the success of the conservative man-

agement to promote the epithelization of the dehisced case to the

delicate PEEK sheet thickness as well as its biocompatibility.

The design modification was triggered by the very poor bone

quality and the massive fibro integration expressed upon the second

stage surgery in the third case, altering the assembly design from sep-

arate buccal and palatal sheets to single sheet with the inter-

connecting part, to convene the whole ridge and provides secured

coverage of the crestal portion of the graft.

5 | CONCLUSION

The virtual planning three-dimensional maxillary alveolar ridge aug-

mentation using patient-specific PEEK sheets deemed successful res-

toration of the deficient ridge.

TABLE 2 (Continued)

Implant number Preop. horizontal width(in mm) Immediate postoperative 6 months postoperative Implant diameter (mm)

16 3.3 7.5 6.9 4.2

17 2.6 5.6 5.3 3.3

18 2 7 6.3 3.3

19 1.5 5.5 5 3.3

20 1.8 6.3 6 3.7

21 1.4 6.3 4.9 3.7

22 3.8 6 5.1 3.7

23 1.8 7.4 6.7 3.7

24 1.1 6.3 5.7 3.7

25 1 6 5.5 3.3

26 2.7 7.7 7.2 3.7

27 2.8 4.7 3.6 3.3

28 3.5 6.7 6.1 3.7

F IGURE 9 A, 6 months postoperative
CBCT. B, Implant placement 6 months
postoperatively

F IGURE 10 Graph showing pre, immediate, and 6 months
postoperative vertical and horizontal bone dimensions
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