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ABSTRACT

Background: The present study evaluated the outcome of ridge augmentation with cancellous freeze-dried block bone
allografts in the posterior atrophic mandible followed by placement of dental implants.

Materials and Methods: A bony deficiency of at least 3 mm, horizontally, vertically, or both, according to computerized
tomography (CT) para-axial reconstruction served as inclusion criteria. Implants were inserted after a healing period of 6
months. Bone measurements were taken prior to bone augmentation, during implant placement, and at second-stage
surgery. Marginal bone loss and crown-to-implant ratio were also measured.

Results: Twenty-nine cancellous allogeneic bone blocks were placed in 21 patients. The mean follow-up was 37 months.
Bone block survival rate was 79.3%. Mean horizontal and vertical bone gains were 5.6 and 4.3 mm, respectively. Mean
buccal bone resorption was 0.5 mm at implant placement and 0.2 mm at second-stage surgery. A total of 85 implants were
placed. Mean bone thickness buccal to the implant neck was 2.5 mm at implant placement and 2.3 mm at second-stage
surgery. There was no evidence of vertical bone loss between implant placement and second-stage surgery. Implant survival
rate was 95.3%. All patients received a fixed implant-supported prosthesis. At the last follow-up, the mean marginal bone
loss was 0.5 mm. The mean crown-to-implant ratio was 0.96.

Conclusion: Implant placement in the posterior atrophic mandible following augmentation with cancellous freeze-dried
bone block allografts may be regarded as a viable treatment alternative.
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INTRODUCTION

Tooth loss in the posterior mandible is followed by a

reduction of alveolar bone, leading to knife-edge ridges

in the severely atrophic cases.1–4 Moreover, a deficiency

of alveolar height may preclude implant placement.5

A biomechanically stable bone implant foundation

is indispensable for the long-term success of fixed

implant-supported prosthesis in the posterior

mandible.5,6

The increased biting forces in the posterior man-

dible result in a variety of stress elements.7–9 The oppos-

ing arch and crown-to-implant ratio require additional

considerations.10,11 Biomechanical complications in the

posterior mandible, such as crestal bone loss, screw

loosening, occlusal material fracture, prosthesis wear,

and fracture and implant failure, are often the result

of excessive stresses caused by the increased biting

forces.10–12 Treatment planning in the posterior man-

dible must therefore include solutions to reduce exces-

sive stresses: eliminating lateral interferences during

excursive movements; reducing the occlusal table
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relative to the implant diameter, or maximizing the

diameter of implants to minimize off-axis forces; short-

ening or removing cantilevers; and increasing the

number of implants.6,10,11

Ridge augmentation enables the use of longer and

wider implants, increasing the surface area over which

the stresses of occlusal forces are distributed.5,6 Several

treatment options have been suggested to address these

challenges.13–15 These include subperiosteal tunneling

technique, guided bone regeneration, block grafts, inter-

positional grafts, and distraction osteogenesis.

An exhaustive search of the most effective augmen-

tation technique for specific clinical indications did not

reach conclusive answers.16 The conclusion of the review

was that major bone grafting procedures may not be

justified in extremely resorbed mandibles.16

Preliminary reports17–24 suggest that block allografts

may be an acceptable alternative to the autogenous block

grafts in the treatment of compromised alveolar ridges.

The hypothesis of the present study was that augmenta-

tion with cancellous bone block allograft prior to

implant placement is a valid treatment approach for the

atrophic posterior mandible.

MATERIALS AND METHODS

The study comprised of 21 consecutive patients in

whom 29 cancellous block grafts (ReadiGraft, Canblock

1.5, LifeNet, Virginia Beach, VA, USA) and 85 dental

implants (59-Seven MIS Implant Technologies, Shlomi,

Israel) and 26-Osseotite® (3i/Implant Innovations,

Biomet, Palm Beach Gardens, FL) were placed. The

patient group comprised 18 women and 3 men, with an

age range from 40 to 65 years at the date of implant

surgery (mean age was 55.7 1 7.6 years).

The systemic health and status of all remaining

teeth were comprehensively evaluated. The patients

were determined to be in good health, and the

medical history review suggested no contraindications

to implant therapy. Patients with a mandibular

alveolar ridge requiring a vertical and/or lateral aug-

mentation increase >3 mm were included in this

study.

Oral examination focused on intra-arch relation-

ship, the buccolingual width and the intermaxillary

relationship (Figure 1A). Panoramic radiographs (OPT)

and computed tomography (CT) scans were considered

mandatory to provide adequate diagnostic information

about ridge width and height deficiency. The ridge

dimensions could be assessed accurately in the para-

axial reconstructions (see Figure 1B).

A staged approach was planned to reduce potential

complications that have been associated with simulta-

neous grafting and implant placement.17 All procedures

were fully explained to the patients, and the Ethics

Committee of the Tel Aviv University approved the

study protocol.

One hour preoperatively, oral antibiotics of

1,000 mg amoxicillin (Moxypen Forte, Teva Pharma-

ceutical, Petach Tikva, Israel) and 600 mg Etodolac

(Etopan, Taro Pharmaceutical Industries, Haifa Bay,

Israel) were administered. Antiseptic mouthwash, 0.2%

chlorohexidine gluconate (Tarodent, Taro Pharmaceuti-

cal Industries) was used immediately prior to surgery.

A crestal incision, centered in the keratinized tissue,

through the edentulous span and retromolar pad was

designed to allow a minimum of 1 to 2 keratinized

gingiva on both sides of the flap. In most cases, this was

slightly to the lingual side. In cases where sufficient kera-

tinized gingival was available, a midcrestal incision was

performed. A distal oblique releasing incision into the

buccinator muscle posteriorly and a vertical releasing

incision mesial to the most distal tooth were made on

the labial aspect. A full-thickness mucoperiosteal lingual

flap was initially reflected with extreme caution to

prevent tears in the periosteum. The flap was further

mobilized lingually away from the mylohyoid line. The

A B

Figure 1 A, Missing mandibular right first and second
bicuspid, first and second molars. B, Preoperative computed
tomography indicating relative narrow crestal bone.
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buccal aspect of the alveolar ridge was then exposed

via subperiosteal dissection to allow three-dimensional

visualization of the defect. Visualization of the mental

neurovascular bundles was mandatory. Periosteal-

releasing incisions to allow primary closure of the soft

tissue were made on the buccal aspect immediately fol-

lowing flap elevation. Multiple perforations through the

cortical plate were made with a round bur to ensure

communication between the grafted bone and the bone

marrow cavity. The allograft was rehydrated with a solu-

tion of sterile saline for at least 45 minutes prior to use.

A 3 ¥ 1.5 ¥ 1.5-cm cube of freeze-dried cancellous block

graft (ReadiGraft) was refined to fit into the defect. Once

the graft was seated and stable, it was fixed with

1.6 mm ¥ 10-mm bone screws (OsteoMed Corporation,

Addison, TX, USA) (Figure 2A). A large, round bur was

used to round the sharp edges and shape it to completely

conform to the defect site. Deficiencies at the edges of

the graft were filled with particulate bone, mineralized

freeze-dried bone allograft (OraGraft, Lifenet), or

bovine bone mineral (Bio-Oss, Geistlich Pharma, Wol-

husen, Switzerland) (see Figure 2B) randomly. Three

resorbable membranes (Ossix Plus, OraPharma, Carls-

bad, CA, USA; Ossix, 3i/Implant Innovations, Biomet;

and Bio-Gide, Geistlich Pharma, Wolhusen, Switzer-

land) were used randomly (see Figure 2C).

Measurements of the augmented ridge width and

height were taken with a UNC periodontal probe (Hu-

Friedy, Mfg. Co., Inc., Leimen, Germany). The midcr-

estal incision was initially closed by using interrupted

and horizontal mattress sutures. The vertical incision

was secured with interrupted sutures. Amoxicillin

(Moxypen Forte, Teva Pharmaceutical) 500 mg tid and

600 mg Etodolac (Etopan, Taro Pharmaceutical Indus-

tries) bid were prescribed P.O. for 5 days postoperatively.

As an antiseptic solution, 0.2% chlorohexidine glucon-

ate (Tarodent, Taro Pharmaceutical Industries) mouth-

wash was used for 45 seconds, tid for 2 weeks.

Removable provisional restorations were not used

for the entire healing time (6 months). Whenever

possible, fixed partial provisional restorations were

fitted and delivered to the patient immediately after

surgery.

The patients were seen weekly during the first

month following surgery and monthly thereafter until

second-stage surgery. Periapical radiographs were taken

immediately postoperatively and 2 to 3 months after

surgery. A thorough search for soft tissue dehiscence and

an overall view of the grafted ridge contour were the

most important evaluations (Figure 3A).

New panoramic radiographs and CT scans were

obtained after 6 months to determine implant width

and length (see Figure 3B). Access to the augmented

ridge was obtained via a midcrestal incision. The fixa-

tion screws were removed. Measurements of additional

ridge width and height were taken with a UNC peri-

odontal probe (Hu-Friedy). The implant sites were

selected with a diagnostic template (see Figure 3C). The

residual buccal thickness following implant placement

was measured and repeated at the time of second-stage

surgery to further evaluate the bone resorption and

determine the horizontal bone dimension.

A B C

Figure 2 A, Block grafts shaped, positioned, and fixated. B, Block grafts covered by particles. C, Block grafts covered by resorbable
collagen membrane.
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Implants were exposed 3 months later. The soft

tissues were allowed to mature for 3 weeks prior to

definitive restorative phase (Figure 4A). The implants

were restored with cement-retained fixed ceramic pros-

theses. Temporary cement (Temp Bond, Kerr Italia,

Salerno, Italy) was used to enable future maintenance

and follow-up. Clinical and radiographic examinations

were carried out at the time of restoration, every 6

months follow-up during the first year, and once a year

thereafter (see Figure 4B).

All radiographs were made by an experienced radi-

ologist using the long-cone technique and the Rynn

system (XCP Instruments, Dentsply Rinn, Rinn Corpo-

ration Elgin, IL, USA). The radiographic films were

scanned to digital files. The scanned images were studied

by using Adobe Photoshop Software (Adobe Systems

Inc., San Jose, CA, USA). The landmarks were taken by

two examiners. Crestal bone level was calculated as the

perpendicular distance from the implant shoulder to the

first visible apical bone to implant contact in the mesial

and distal aspect of the implant. The crown-to-implant

ratio was calculated by direct measurements. Each

crown length was measured from the most coronal

aspect of the crown to the alveolar crest level. Each

implant length was measured from the alveolar crest

level to the most apical implant level. The crown-to-

implant ratios were calculated by dividing the length

of the crown by the length of the implant. Changes

in crestal bone level were calculated at second-stage

surgery, prosthesis delivery, and last follow-up.

Two-tail Student’s t-test served for statistical analy-

sis to compare bone gain and resorption.

RESULTS

A total of 21 patients (18 females and 3 males) aged 40 to

65 years (mean 55.7 1 7.6 years) were included in the

study. Twenty-nine cancellous allogeneic bone blocks

were used. Of the blocks, 62% were used to gain width

and 38% to gain both height and width. The mean

follow-up was 37 1 17 months (range: 6–60 months).

Six bone blocks failed, resulting in 79.3% survival rate.

Bone width at implant placement (7.9 1 0.5 mm) was

A B C

Figure 3 A, Clinical view after 6 months. B, Postoperative computed tomography after 6 months. Note bone thickness. C,
Standard-diameter and standard-length implants in place.

Figure 4 A, Final restoration. B, Radiograph of final restoration
at 24-month follow-up.
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significantly (p < .001) higher than initial bone width

(2.3 1 0.5 mm). A nonsignificant resorption of 0.4 mm

(5%) was noted from graft placement to implant

placement (p = .1). Bone gain in horizontal dimension

(3–6 mm; mean: 5.6 1 1 mm) exceeded bone gain in

vertical dimension (3–7 mm; mean: 4.3 1 1.6 mm) sig-

nificantly (p = .047) (Table 1). Buccal bone resorption

rate was 0–1 mm (mean: 0.5 1 0.5 mm) at implant

placement and 0–0.5 mm (mean: 0.2 1 0.2 mm) at

second-stage surgery (see Table 1). Those results were

not statistically significant (p = .1). A total of 85

implants were placed. Mean implant diameter was

3.9 1 0.2 mm (range: 3.7–4.2 mm). Mean implant

length was 10.4 1 0.7 mm (range: 10–11.5 mm). Bone

thickness buccal to the implant neck was 2–3 mm

(mean: 2.5 1 0.5 mm) at implant placement and

2–2.5 mm (mean: 2.3 1 0.2 mm) at second-stage

surgery (Table 1). Those results were not statistically

significant (p = .3). There was no evidence of vertical

bone loss between implant placement and second-stage

surgery.

Four implants (95.2% survival rate) failed 4 to 6

weeks after insertion. After 2 months of waiting, the

implants were reinserted and successfully osseointe-

grated. All patients received a fixed implant–supported

prosthesis. No further implants were lost in function.

There was no recordable marginal bone loss at second-

stage surgery and prosthesis delivery. At the last follow-

up, the mean crestal bone loss was 0.5 1 0.2 mm (range:

0–1 mm). The mean crown-to-implant ratio was

0.96 1 0.16:1 (range: 0.6–1.2).

DISCUSSION

Bone grafting has the potential to increase the number,

length, and diameter of implants that can be placed in

the posterior mandible. Cancellous block allografts for

posterior mandibular reconstruction allowed the place-

ment of several implants with standard length and

diameter, enabling a stable long-term prognosis to the

implant-supported reconstruction.

The use of allografts prevented donor site morbid-

ity. Autogenous graft morbidity involves impaired tac-

tility and sensitivity of the soft tissues and increased

lamina dura and apical pathology in the involved teeth.25

The donor site may show good remineralization, yet a

radiologically noticeable concavity may remain in the

majority of cases.25 Moreover, existing data suggest that

the majority of the osteocytes of the autogenous bone

block do not survive grafting. The grafted nonvital bone

is progressively remodeled into new vital bone after

grafting.26 Therefore, although autogenous bone is con-

sidered historically the “gold standard” because of the

biologic processes involved, the participation of autog-

enous grafted cells in osteogenesis can be questioned

when bone blocks are used.

Minimal graft resorption (0.5 1 0.5 mm) was

noted during the 6-month waiting period between

cancellous block grafting and implant placement. The

ability of bovine bone to reduce bone resorption of

onlay block grafts was previously studied.27 The results

indicated that coverage with bovine bone mineral can

compensate for the natural bone resorption caused by

remodeling. Similar results were obtained when autog-

enous bone blocks were covered with bovine bone

mineral and noncross-linked collagen membrane.28

Similar to the one obtained in the present study, A 10%

resorption rate of the initial graft was recorded. It was

concluded that the use of bovine bone mineral and

collagen membrane coverage allowed such a minimal

resorption. In the present study, particulate bone, min-

eralized freeze-dried bone allograft, or bovine bone

mineral was used in conjunction with resorbable mem-

branes. The minimal resorption noted is thus attribut-

able to the coverage with particulate bone and collagen

membranes.

A recent study29 evaluated the clinical outcome of

standard length implants inserted into alveolar bone

sites previously augmented with allograft. The implant

survival rate was 97.6%. The results indicated that stan-

dard length implants had a high survival and success

rate, similar to those reported in previous studies of

two-stage procedures in nongrafted bone. The research-

ers concluded that allograft is a reliable material for

TABLE 1 Bone Characteristics (mm)

N Range Mean SD SE

Bone gain

Horizontal 23 3–6 5.6 1 0.2

Vertical 11 3–7 4.3 1.6 0.5

Buccal resorption

Implant placement 85 0–1 0.5 0.5 0.05

Second stage 79 0–0.5 0.2 0.2 0.02

Buccal thickness

Implant placement 85 2–3 2.5 0.5 0.05

Second stage 79 2–2.5 2.3 0.2 0.02
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alveolar reconstruction and implant insertion. The same

group reported 1 year later30 the results of standard-

diameter (3.75 mm) implants inserted into allografts.

The survival rate was 99.2%. In the present study, bone

grafting enabled the use of standard-diameter (range:

3.7–4.2 mm) and standard-length (range: 10–11.5 mm)

implants. The survival rate (95.3%) compares well with

the above-obtained results.

However, both studies29,30 recorded a greater mar-

ginal bone loss when fixed prosthetic restorations were

used. In the present study, marginal bone loss was

minimal (mean: 0.5 1 0.2). It can be suggested that

the use of particulated bone and barrier membranes

allowed better ossification, minimizing further mar-

ginal bone loss. Moreover, buccal bone thickness at

second-stage surgery exceeded 2 mm in the present

study. It was previously demonstrated that, as the

buccal bone thickness approaches 1.8 to 2 mm, mar-

ginal bone loss decreases significantly.31 Therefore, the

goal of lateral augmentation should be at least 2 mm

buccal to the implant to minimize future marginal

bone loss.

An unfavorable crown-to-implant ratio has the

potential to increase marginal bone loss.32 The use of

standard-length implants in the present study resulted

in a favorable crown-to-implant ratio (range: 0.6–1.2).

The traditional prosthetic concept was that a ratio of

1:1 is the minimum acceptable for a fixed prosthesis

abutment. A greater ratio may be applied only if the

occlusal forces are decreased.33 Although the concept of

unfavorable crown-to-implant ratios is contradictory,

the existing studies are limited.32,34–36 Thus, until

proven otherwise, although not the primary goal of

bone grafting, a favorable crown-to-implant ratio

can be considered beneficial for the long-term

prognosis.

The overall block graft success rate was 79.3%.

Higher success rates were reported for the anterior

maxilla (95.6%).24 A lower prognosis (87%) in the pos-

terior mandible was also noted with corticocancellous

block allografts. Most of the allograft failures (71%) in

this study occurred in the posterior mandible.21 It has

been suggested, by clinical experience, that mandibular

grafting might be less predictable than grafting in the

maxilla.5 The high failure rate of the block grafts may

be attributable to a compromised blood supply in this

area,5 although this awaits future evidence-based

data.

CONCLUSION

Implant placement in the posterior atrophic mandible

following augmentation with cancellous freeze-dried

bone block allografts may be regarded as a viable treat-

ment alternative.
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