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Abstract

Background: An age-related decrease in the number of osteogenic progenitor cells may compro-

mise bone augmentation.

Purpose: Histomorphometrical assessment of age-related new bone formation, following atrophic

alveolar ridge reconstruction, using cancellous bone-block allografts.

Material and methods: Ninety-three consecutive patients (58 females and 35 males) were referred

for implant-supported restoration of 122 severe atrophic alveolar ridges. Alveolar ridge deficiency

locations were classified as anterior maxilla (n558), posterior maxilla (n5 32), and posterior mandi-

ble (n532). A bony deficiency of at least 3 mm horizontally and up to 3 mm vertically according to

computerized tomography (CT) in the posterior mandible and anterior maxilla, served as inclusion

criteria. In the posterior maxilla, a residual alveolar ridge up to 4 mm vertically according to CT

served as inclusion criteria. Augmentation was performed by the use of cancellous bone-block allo-

grafts. Bone biopsies (9-month posterior maxilla, 4 months anterior maxilla and posterior mandible)

of young (�40 years) versus older (>40 years) patients were histomorphometrically evaluated.

Results: In the posterior maxilla, no statistically significant histomorphometric differences were

noted. While at the anterior maxilla and posterior mandible, statistically significant more newly

formed bone was found in young versus older individuals, respectively (38.6% vs 19.8%, P50.04

and 69% vs 31%, P5 .05).

Conclusion: New bone formation following residual alveolar ridge bone grafting is age-related.

Longer bone consolidation and healing time may be recommended for older individuals.
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1 | INTRODUCTION

Bone grafting is a well-established procedure for reconstruction of

bone deficiencies. The etiology may be atrophy—following tooth loss

as a result of decay, periodontal defects, and so on, pathology (inflam-

matory, tumor, cyst, etc) invasion and/or resection, developmental-

hypodontia, oligodontia, alveolar clefts, and trauma.1–9

Bone augmentation is an age-related decrease in the number of

osteogenic progenitor cells, reported in different animal models,10–12

and human studies,13–15 is considered one of the main suggested

mechanisms. Moreover, the percentage of pluripotent cells within the

bone marrow decreases with age.16,17 The reduced numbers of osteo-

genic cells at recipient sites combined with low vascularity18 are addi-

tional factors that might be responsible for compromised bone

augmentation outcome in elderly individuals.

Autografts can be harvested from extra- or intraoral sites. In both

cases, osteogenic cells are located within the periosteum and the mar-

row compartment.19,20 The transplanted osteogenic cells contribute to
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the dynamic process of graft consolidation. Hence autografts were

considered the gold standard in maxillofacial surgery.21 However, it can

be speculated that the quality of an autograft drastically decreases with

age due to the significantly lower number of vital osteogenic cells

within the transplanted bone.22

A major drawback for using autografts is donor site morbidity.

Immediate postoperative pain and edema, infections, hematomas, and

neurosensory deficits are reported complications which limit to a great

extent the possible use of autogenous bone blocks.23–25 Recently, the

use of block allografts for the treatment of alveolar ridge atrophy

emerged, to overcome the donor site morbidity, yielding high survival

rates.26–31

The present study assesses histomorphometrically the effects of

aging on new bone formation following atrophic alveolar ridge recon-

struction using cancellous bone-block allografts.

2 | MATERIAL AND METHODS

Augmentation by the use of mineralized cancellous bone-block freeze-

dried allografts was a mandatory inclusion criteria. All procedures were

fully explained to the patients who signed an informed consent, and

the Ethics Committee of the Tel Aviv University approved the study

protocol.

In the posterior mandible and anterior maxilla, a bony deficiency of

at least 3 mm horizontally and up to 3 mm vertically according to com-

puterized tomography (CT) served as inclusion criteria. The buccal

aspect of the alveolar ridge was exposed. The recipient site was perfo-

rated to allow communication between the bone-block allograft and

the recipient site bone marrow. The grafts were shaped to allow inti-

mate contact between the graft and the recipient site. Stability was

achieved by fixation with bone lag-screws. A collagen resorbable mem-

brane was used to cover the block. Soft tissue margins were approxi-

mated using resorbable mattress sutures. Provisional restorations were

adapted to avoid any pressure to the healing tissues. Access was

obtained after 4 months for implant placement. Surgical exposure

revealed well integrated bone-block allografts incorporated into the

surrounding bone. Biopsies were taken with a trephine during implant

osteotomy preparation. Rough surface titanium implants placed at the

crestal level were used. Second stage surgery was performed 3 months

after implant placement.

In the posterior maxilla, a residual alveolar ridge up to 4 mm verti-

cally according to CT served as inclusion criteria. A window was cre-

ated in the lateral sinus wall which allowed for elevation of the

Schneiderian membrane. A cancellous bone-block allograft was

trimmed. The bone-block allograft was inserted in a gentle press-fit

fashion up to the palatal wall of the sinus cavity. Stability of the block

allograft was initially achieved with the window bony frame. Implant

sites were marked using a surgical stent. Rough surface titanium

implants were placed. The locking of the block to the alveolar crest by

the implants allowed implant stabilization in all directions. Initial pri-

mary stability was maintained in all cases. A resorbable collagen mem-

brane, was applied over the lateral window. The flap was closed using

resorbable sutures. Biopsies were taken with a trephine, 9 months after

implant placement, from the lateral window, between the implants, at

second stage surgery. Life expectancy in Israel according to the central

bureau of statistics is about 80 years. Hence, age of 40 served to divide

between young and older individuals.

In all cases, 4–6 weeks were allowed for soft tissue maturation.

The implants were restored with fixed partial ceramo-metal

restorations.

2.1 | Histomorphometric evaluation

Specimens were fixed in 10% buffered formalin for 24 hour. The bony

cores first underwent rapid decalcification for �72 hour (EDTA,

pH56). Afterwards, they were routinely embedded in paraffin and

hematoxylin and eosin stained slides were prepared. Using a light

microscope (Olympus BH-2, Tokyo, Japan) with a mounted digital cam-

era (Olympus BH-2, Tokyo, Japan) each bony core was photographed.

The entire area of the cores was covered-contained in five consecutive,

nonoverlapping photomicrographs performed at x200. A 10 x 10

graphical square grid was prepared, where the center of each square

was marked by a “1.” This grid was superimposed on each photomicro-

graph in the power point presentation.

Histomorphometric evaluation of the photomicrographs was per-

formed using a modified point-counting methodology. The parameters

evaluated in the study were bone, residual cancellous block-allograft

and connective tissue. Each time one of these parameters overlapped

the “1” mark, it was awarded one point. Whenever a “1” fell outside

the tissue, that point was extracted from the total points counted for

each photomicrograph (ie, 100 points), allowing only the “effective”

points for the final calculations. After all five fields from each photomi-

crograph were examined; the sum of the points overlying each parame-

ter was calculated and divided by the total “effective” points. This

allowed calculation of the mean volume fraction for each of the eval-

uated parameters. The results are expressed as the mean volume frac-

tion (%) of each evaluated parameter.

2.1.1 | Statistical analysis

Fisher’s exact test and one-way analysis of variance were used for sta-

tistical analysis.

3 | RESULTS

Ninety-three consecutive patients (58 females and 35 males) aged

between 17 and 70 years (mean 44617 years) were referred for

implant-supported restoration of 122 severe atrophic alveolar ridges. A

total of 258 rough surface implants were placed. Alveolar ridge defi-

ciency locations were classified as anterior maxilla (n558), posterior

maxilla (n532 sinuses), and posterior mandible (n532).

In augmented sinuses, no statistically significant (P5 .293) histo-

morphometric differences (29.82% vs 24.43%) regarding newly formed

bone were found between young (�40 years) and older (>40 years)

subjects (Figures 1 and 2).
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In the anterior maxilla, statistically significant histomorphometric

differences regarding newly formed bone (38.6% vs 19.8%, P5 .04)

and residual cancellous block-allograft (20.1% vs 38.4%, P5 .05) were

found between young and older patients, respectively. Age did not

affect the mean of marrow and connective tissue (41.3% vs 41.8%,

P5 .49) (Figures 3 and 4).

In the posterior mandible statistically significant histomorphomet-

ric differences regarding newly formed bone (69% vs 31%, P5 .05)

were found between young and older patients, respectively. Histomor-

phometric differences regarding residual cancellous block-allograft

(17% vs 35%) and of the marrow and connective tissue (14% vs 34%)

were not statistically significant (Table 1).

4 | DISCUSSION

Aging may reduce new bone formation in grafted defects.13–15,21,32

Animal models suggest that 6 versus 26 versus 52 -week-old rats

regain normal bone after 4, 10, and 26 weeks respectively, after a frac-

ture.33 Aging induces a delayed onset of periosteal reaction, cell differ-

entiation, and decreased bone formation.12 Mouse and rabbit models

of calvarial healing showed differences in the regenerative abilities of

young and older.10,11

Active periosteal tissue in children allows reossification of calvarial

defects until approximately 2 years of age.21,34 Hence, the capacity of

the bone to regenerate is compromised with aging, a mechanism that

might also apply to the process of graft consolidation at defect sites.

FIGURE 1 Histological view (Hematoxylin and Eosin staining
original magnification x200) from an augmented sinus in an old
individual (9 months)

FIGURE 2 Histological view (Hematoxylin and Eosin staining
original magnification x200) from an augmented sinus in a young
individual (9 months)

FIGURE 3 Histological view (Hematoxylin and Eosin staining
original magnification x200) from an augmented anterior maxilla in
an old individual (4 months)

FIGURE 4 Histological view (Hematoxylin and Eosin staining
original magnification x200) from an augmented anterior maxilla in
a young individual (4 months)
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This has been also attributed to the osteogenic potential of the

implant bed, following bone grafting. Moreover, the osteogenic poten-

tial of autografts, is also reduced in elderly individuals due to a thinner

periosteum20 and a smaller number of mesenchymal cells in the bone

marrow.17

The model presented in this study used bone-block allografts,

devoid of cells, for bone grafting. Hence, new bone formation was

based merely on the osteogenic potential of the residual alveolar ridge.

In both anterior maxilla and posterior mandible, the amount of new

bone formation was twofold (statistically significant) in young com-

pared to older individuals. It can be speculated that the anterior maxilla

and posterior mandible in young versus older individuals contained a

larger number of cells capable of migrating from the recipient site into

the graft. Moreover, besides the number, a stronger mitogenic activity

of cells in the young contributed to the differences observed. Further-

more, the larger number of cells contributed to the consolidation

process.

No such differences were noted in posterior maxilla biopsies

regarding new bone formation in young vs. older individuals, although

similar differences in the number of cells and mitogenic potential

between young and old individuals do exist in the posterior maxilla.

The use of two different procedures requiring two different waiting

times enabled the unique evaluation of the comparison between new

bone formation at two different time frames as a function of age. The

healing time prior to the posterior maxilla biopsy was 9 months,

whereas in the anterior maxilla and posterior mandible 4 months. It can

be speculated that the longer time (9 vs 4 months) interval for bone

consolidation might have compensated for the smaller amount of cells

and lower mitogenic potential. It can be recommended that improved

results, in terms of new bone formation, may be achieved in older pop-

ulations following a longer waiting time from the bone grafting proce-

dure (preferably 9 months).

Another mechanism of compromising bone augmentation with age

may be surgical complications. Such an evaluation in a model of cancel-

lous allogeneic bone-block graft augmentation demonstrated that age

had no statistically significant effect.35

Although, bone healing related to patients’ age was compared,

other parameters, may have affected the evaluated results theoreti-

cally. Bone graft exposure for example, could significantly affect results.

According to previous reports with a similar bone augmentation proce-

dure, a large incidence of block exposure was found, especially in the

posterior mandible (less in the anterior and in the posterior maxilla, in

decreasing order). Differences in new bone formation, in the present

report followed the same pattern. This may suggest to evaluate blocks

exposure in the two age groups and compare histomorphometry of

exposed versus nonexposed cases within and between each age group.

Statistical analysis, previously reported, demonstrated that age and

gender had no statistically significant effect on block exposure.35

5 | CONCLUSION

New bone formation following residual alveolar ridge bone grafting is

age dependent. Longer bone consolidation and healing time is recom-

mended for older (>40 years) individuals.

CONFLICT OF INTEREST

No conflict of interest.

ORCID

Joseph Nissan DMD http://orcid.org/0000-0001-7290-4357

REFERENCES

[1] Gruss JS, MacKinnon SE, Kassel EE, Cooper PW. The role of pri-

mary bone grafting in complex craniomaxillofacial trauma. Plast

Reconstr Surg. 1985;75:17–24.

[2] Marx RE. Clinical application of bone biology to mandibular and

maxillary reconstruction. Clin Plast Surg. 1994;21:377–392.

[3] Gratz KW, Sailer HF, Haers PE, Oechslin CK. Mandibular recon-

struction with full thickness calvarial bone and temporal muscle flap.

Br J Oral Maxillofac Surg. 1996;34:379–385.

[4] Bajaj AK, Wongworawat AA, Punjabi A. Management of alveolar

clefts. J Craniofac Surg. 2003;14(6):840–846.

[5] Rosenberg E, Rose LF. Biologic and clinical considerations for auto-

grafts and allografts in periodontal regeneration therapy. Dent Clin

North Am. 1998;42:467–490.

[6] Watzek G, Weber R, Bernhart T, Ulm C, Haas R. Treatment of

patients with extreme maxillary atrophy using sinus floor augmenta-

tion and implants: preliminary results. Int J Oral Maxillofac Surg.

1998;27(6):428–434.

[7] Carinci F, Farina A, Zanetti U, et al. Alveolar ridge augmentation: a

comparative longitudinal study between calvaria and iliac crest bone

grafts. J Oral Implantol. 2005;31(1):39–45.

[8] Nissan J, Gross O, Mardinger O, Ghelfan O, Sacco R, Chaushu G.

Post-traumatic implant-supported restoration of the anterior maxil-

lary teeth using cancellous bone block allografts. J Oral Maxillofac

Surg. 2011;69(12):e513–e518.

[9] Nissan J, Mardinger O, Strauss M, Peleg M, Sacco R, Chaushu G.

Implant-supported restoration of congenitally missing teeth using

cancellous bone block-allografts. Oral Surg Oral Med Oral Pathol Oral

Radiol Endod. 2011;111(3):286–291.

TABLE 1 Histomorphometrical data

Young group Older group

New bone
Residual
particles

Connective
tissue New bone

Residual
particles

Connective
tissue

p Value of new
bone formation

Anterior maxilla 38.6% 20.1% 41.3% 19.8% 38.4% 41.8% 0.04

Posterior maxilla 29.82% 14% 56.18% 24.43% 26% 49.57% 0.293

Posterior mandible 69% 17% 14% 31% 35% 34% 0.05

4 | NISSAN ET AL.

http://orcid.org/0000-0001-7290-4357


[10] Gosain AK, Santoro TD, Song LS, Capel CC, Sudhakar PV, Matloub

HS. Osteogenesis in calvarial defects: contribution of the dura, the

pericranium, and the surrounding bone in adult versus infant

animals. Plast Reconstr Surg. 2003;112(2):515–527.

[11] Aalami OO, Nacamuli RP, Lenton KA, et al. Applications of a mouse

model of calvarial healing: differences in regenerative abilities of

juveniles and adults. Plast Reconstr Surg. 2004;114(3):713–720.

[12] Lu C, Miclau T, Hu D, et al. Cellular basis for age-related changes in

fracture repair. J Orthop Res. 2005;23(6):1300–1307.

[13] Nieminen S, Nurmi M, Satokari K. Healing of femoral neck frac-

tures; influence of fracture reduction and age. Ann Chir Gynaecol.

1981;70(1):26–31.

[14] Skak SV, Jensen TT. Femoral shaft fracture in 265 children. Log

normal correlation with age of speed of healing. Acta Orthop Scand.

1988;59(6):704–707.

[15] Hee HT, Wong HP, Low YP, Myers L. Predictors of outcome of

floating knee injuries in adults: 89 patients followed for 2–12 years.

Acta Orthop Scand. 2001;72(4):385–394.

[16] Inoue K, Ohgushi H, Yoshikawa T, et al. The effect of aging on

bone formation in porous hydroxyapatite: biochemical and histologi-

cal analysis. J Bone Miner Res. 1997;12(6):989–994.

[17] D’Ippolito G, Schiller PC, Ricordi C, Roos BA, Howard GA. Age

related osteogenic potential of mesenchymal stromal stem cells

from human vertebral bone marrow. J Bone Miner Res. 1999;14:

1115–1122.

[18] Rivard A, Fabre JE, Silver M, et al. Age-dependent impairment of

angiogenesis. Circulation. 1999;99(1):111–120.

[19] Elves MW, Pratt LM. The pattern of new bone formation in iso-

grafts of bone. Acta Orthop Scand. 1975;46(4):549–560.

[20] O’Driscoll SW, Saris DB, Ito Y, Fitzimmons JS. The chondrogenic

potential of periosteum decreases with age. J Orthop Res. 2001;19:

95–103.

[21] Van Damme PA. The vistas and horizons of bony reconstruction—
commentary. J Craniomaxillofac Surg. 2005;33(2):75–78.

[22] Zerbo IR, de Lange GL, Joldersma M, Bronckers AL, Burger EH.

Fate of monocortical bone blocks grafted in the human maxilla: a

histological and histomorphometric study. Clin Oral Implants Res.

2003;14(6):759–766.

[23] Nkenke E, Schultze-Mosgau S, Radespiel-Tr€oger M, Kloss F,

Neukam FH. Morbidity of harveting of chin grafts: a prospective

study. Clin Oral Implants Res. 2001;12(5):495–502.

[24] Nkenke E, Radespiel-Tr€oger M, Wiltfang J, Schultze-Mosgau S,

Winkler G, Neukam FH. Morbidity of harvseting of retromolar bone

grafts: a prospective study. Clin Oral Implants Res. 2002;13(5):

514–521.

[25] Raghoebar GM, Louwerse C, Kalk WWI, Vissink A. Morbidity of

chin bone harvesting. Clin Oral Implants Res. 2001;12(5):503–507.

[26] Lyford RH, Mills MP, Knapp CI, Scheyer ET, Mellonig JT. Clinical

evaluation of freeze-dried block allografts for alveolar ridge aug-

mentation: a case series. Int J Periodontics Restorative Dent. 2003;

23:417–425.

[27] Keith JD Jr, Petrungaro P, Leonetti JA, et al. Clinical and histologic

evaluation of a mineralized block allograft: results from the develop-

mental period (2001–2004). Int J Periodontics Restorative Dent.

2006;26:321–327.

[28] Nissan J, Romanos GE, Mardinger O, Chaushu G. Immediate non-

functional loading of single-tooth implants in the anterior maxilla

following augmentation with cancellous freeze-dried block allograft:

a case series. Int J Oral Maxillofac Implants. 2008;23:709–716.

[29] Nissan J, Mardinger O, Calderon S, Romanos GE, Chaushu G.

Cancellous bone block allografts for the augmentation of the anterior

atrophic maxilla. Clin Implant Dent Relat Res. 2011;13(2):104–111.

[30] Nissan J, Ghelfan O, Mardinger O, Calderon S, Chaushu G. Efficacy

of cancellous block allograft augmentation prior to implant place-

ment in the posterior atrophic mandible. Clin Implant Dent Relat Res.

2011;13(4):279–285.

[31] Chaushu G, Mardinger O, Calderon S, Moses O, Nissan J. The use

of cancellous block-allograft for sinus floor augmentation with

simultaneous implant placement in the posterior atrophic maxilla.

J Periodontol. 2009;80(3):422–428.

[32] Kawai T, Murakami S, Hiranuma H, Sakuda M. Radiographic

changes during bone healing after mandibular fractures. Br J Oral

Maxillofac Surg. 1997;35(5):312–318.

[33] Meyer RA Jr, Tsahakis PJ, Martin DF, Banks DM, Harrow ME, Kieb-

zak GM. Age and ovariectomy impair both the normalization of

mechanical properties and the accretion of mineral by the fracture

callus in rats. J Orthop Res. 2001;19(3):428–435.

[34] Sirola K. Regeneration of defects in the calvaria. An experimental

study. Ann Med Exp Biol Fenn. 1960;38(suppl 2):1–87.

[35] Chaushu G, Mardinger O, Peleg M, Ghelfan O, Nissan J. Analysis of

complications following augmentation with cancellous block allo-

grafts. J Periodontol. 2010;81(12):1759–1764.

How to cite this article: Nissan J, Kolerman R, Chaushu L, Vered

M, Naishlos S, Chaushu G. Age-related new bone formation fol-

lowing the use of cancellous bone-block allografts for recon-

struction of atrophic alveolar ridges. Clin Implant Dent Relat Res.

2017;00:1–5. https://doi.org/10.1111/cid.12560

NISSAN ET AL. | 5

https://doi.org/10.1111/cid.12560

