
Introduction
Rehabilitation of edentulous posterior maxilla with dental

implants is a challenging problem in oral and maxillofacial

surgery due to alveolar resorption and excessive

pneumatisation of maxillary sinus that follows teeth

extraction. In cases of inadequate bone volume, sinus

augmentation procedure with bone grafts is considered

effective for endosseous implant survival. Sinus

augmentation has become a routine procedure to

accommodate maxillary bone to the needs of the

endosseous implant.1,2

There are various types of graft material used in the sinus

augmentation procedure. Autogenous bone grafts are

considered the gold standard for graft materials3 but

potential complications emerging at the donor site and

prolonged operation time may accompany the

procedure.1,4 Therefore, alternative approaches have been

devised to overcome these disadvantages by using bone

substitutes such as allografts, tricalciumphosphate,

hydroxyapatite, glass ceramic and xenografts. 

Over the years de-mineralised bone matrix (DBM) has

been frequently used for bone grafting. DBM was first

described in 1889 by Senn and used in oral and

maxillofacial surgery in 1975.5,6 A study showed that DBM

could be successfully used in cases of small defects. DBM

contains active proteins such as bone morphogenetic

protein (BMP), transforming growth factor-beta (TGF-β),

osteogenin, insulin-like growth factor, and fibroblast

growth factor, which are mostly regarded as members of

the TGF-β superfamily.7 In recent years, several studies

have demonstrated the success of DBM for reconstructive

maxillofacial surgery, and sinus augmentation is used in

various graft sizes and forms.2-4,8-10

Marginal bone loss is considered to be an important

criteria for evaluating the success of dental implants. It

can range from the loss of marginal bone to the complete

failure of the implant and dramatically decreases after the

first year. Hypotheses for the causes of crestal bone loss

include the reflection of the periosteum during surgery,

preperation of the implant osteotomy, level of the

microgap between the fixture and osteotomy, bacterial

invasion, the establishment of a biological width, the

implant crest module design and occlusal overload.11

There have been studies comparing the types of DBM

based on particulate size, survival of implants and
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operation time.4-8 In these studies, there were no

significant difference in terms of implant success during

the loading time, but the putty form was found to be

more successful than the powder form for the ease of

application and operation time. Also, optimal bone

induction was found with DBM particle sizes of 250 to

500µm. On the other hand, marginal bone resorption and

implant success between the putty and powder forms has

not been evaluated. The aim of this retrospective study

was to compare the dental implant survival rate and the

marginal bone resorption around dental implants placed

following sinus augmentation with putty and powder

forms of DBM.

Materials and Methods
The retrospective study comprised patients referred to

the Department of Oral and Maxillofacial Surgery at

Ankara University, Ankara, Turkey, for bilateral maxillary

sinus augmentation between 2007 and 2010. All the

patients were American Society of Anaesthesiology

(ASA) I with no systemic disease and had good oral

hygiene regarding plaque and gingival status. Before the

procedure, the anatomy and pathology of the sinuses

were evaluated using panaromic view and Water's view.

According to Cawood-Hawell's classification,12 Class V

and VI cases were included in the study. Patients who

had residual bone height less than 2mm were excluded.

The other exclusion criteria were sinus pathologies,

systemic diseases, smoking habits, alcohol consumption

and poor oral hygiene. All patients underwent bilateral

sinus surgery and the residual bone height of the

edentulous sites for implant placement was measured.

The study was conducted with the approval of the

Ankara University Faculty of Dentistry Research Ethics

Committee. Two most preferred forms of DBM — putty

and powder — were applied for sinus augmentation

during the same session.

A total of 24 sinus lifts were performed and 48 dental

implants (Nucleoss Implants, Izmir, Turkey) measuring 3.4

to 5.0 mm in width and 12 to 14 mm in length were placed

concurrently with sinus augmentation. Four implants each

were inserted in grafted regions of 12 patients. In all

patients, the left side was grafted with DBM putty form

(DynaGraft Keystone Dental, Burlington, Massachusetts)

and the right side was grafted with DBM powder form

(Pacific Coast Tissue Bank, Los Angeles, California). None of

the implants were loaded before a minimum of 6 months

from the date of first surgery. Implant success was

evaluated based on the clinical and radiologic criterias13,14

that included: absence of mobility; absence of persistent

subjective complaints (pain, foreign body sensation and/or

dysaesthesia); absence of a continuous radiolucency

around the implant; and marginal bone level changes in

the first year implant insertion less than 1-1.5mm and the

ongoing annual bone loss less than 0.2mm. 

All operations were performed under local anaesthesia,

using articaine hydrochloride (Ultracaine D-S

Forte®Aventis). With a mid-crestal incision and vertical

releasing incisions, a mucoperiosteal flap was elevated to

expose the sinus wall. An osteotomy was carried out on

the lateral wall of the maxilla with a round bur. The

schneiderian membrane was detached from the sinus

wall to create space for the placement of the graft

materials. Implant sockets were then prepared and the

dental implants were placed. The left and right maxillary

sinuses were augmented in the same session in each

patient. The left sinuses were augmented with DBM putty

form and the right sinuses were augmented with DBM

powder form after a minimum of 30 min rehydration

process in 0.9% Saline solution. After the graft had been

placed, the flap was re-positioned and sutured with 3/0

silk suture. Antibiotic (Augmentin 625mg, Glaxo Smith

Kline, Britian) and analgesic (Apranax Fort 550 mg, Abdi

Ibrahim, Turkey) therapy was administrated 1 hour before

surgery and for 5 days following the surgery.

Chlorohexidine gluconate 0.12% mouthwash was used

twice daily for 2 weeks. The patients were advised to have

a soft diet and to avoid sneezing till suture removal. 
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Figure-1: The radiographic view of marginal bone loss at 6, 12 and 30 months, respectively.



A rigid cross-arch bar was used with bite-registration

material and Rinn XCP (Dentsply , Des Plaines, IL) rod and

ring were firmly attached to the bar and placed in contact

with the X-ray cone. Marginal bone loss around mesial

and distal side of the implants were measured (in mm) at

the time of loading, after 12 and 24 months of loading by

a digital plot (Figure-1). For measurements purposes, 2

visible and easily localised reference points were selected

at the junction point between the implant and prosthetic

restoration. A straight line was traced joining the 2

reference points (Figure-2). The marginal bone resorption

was determined by measuring between this line and the

highest crestal bone point around the implant.

The study was approved by the Research Ethics

Committee of the Ankara University, Faculty of Dentistry.

Statistical analyses were performed with SPSS 11.5. Two-

way repeated measures analysis of variance (ANOVA) and

Fisher's LSD tests were used for between and within

group comparisons. A p value less than 0.05 was

considered significant.

Results
Of the 12 patients, 8 (66.6%) were females and 4 (33.3%)

were males. The overall age range of the patients was 29-

64 years. All implants wtih complete upper prothesis had

a 100% survival rate at the point of final observation. All

implants osteointegrated sucessfully in grafted sides and

showed successful results. The average volume of

marginal bone resorption at implants for the putty side

was 0.43±0.22 mm, 0.8±0.33 mm and 1.12±0.49 mm at

prosthetic loading, 12-month and 30-month follow-up,

respectively. Significant differences were found in the

putty side between 6-12, 6-30 and 12-30 months

(p<0.001). The average volume of marginal bone

resorption at implants for the powder side was 0.48±0.32

mm, 0.82±0.46 mm and 1.24±0.57 mm at prosthetic

loading, 12-month and 30-month follow-up, respectively.

Also, significant differences were found in the powder

side between 6-12, 6-30 and 12-30 months (p<0.001). The

average marginal bone loss around the implants was

detected as 0.45±0.27, 0.80±0.40 and 1.21±0.53 at

prosthetic loading, 12-month and 30-month follow-up,

respectively No statistically significant differences were

observed in marginal bone loss around the implants
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Figure-2: A straight line traced between 2 reference points.

Figure-3: The statistical view of marginal bone changes between putty and powder

form.

Table: No statistically significant difference in bone loss between two groups.

Descriptive Statistics

Group Mean Std. Deviation N

0-6 month

Powder 0.48 0.21696 24

Putty 0.4258 0.32437 24

Total 0.4259 0.27436 48

0-12 month

Powder 0.8188 0.33552 24

Putty 0.7967 0.46459 24

Total 0.8077 0.40105 48

0-30 month

Powder 1.2442 0.4948 24

Putty 1.1663 0.57465 24

Total 1.2052 0.53194 48



between the powder and the putty groups at 6 months

(p=0.620), 12 months (p=0.843) and 30 months (0.488).

Repeated measurements of two-way ANOVA and Fisher's

LSD test revealed no significant interactions between the

putty and the powder sides (p=0.338) (Table, Figure-3).

Discussion
Techniques to augment the sinus floor in combination

with several grafting materials are commonly used to

restore adequate volumes for implantation. As a general

rule, grafting techniques should be as simple, less

invasive, complication-free and with the shortest healing

time as possible.15

The present study compared the survival rate and

marginal bone levels of dental implants inserted into

grafted maxillary sinus with powder and putty forms of

DBM. DBM powder is the most osteoinductive form as it

possesses the maximum surface area for interaction with

target cells at the graft site.9 However, difficulties with

handling, its tendency to migrate from the graft sites, and

lack of stability after surgery are clinical problems

associated with the use of powdered and particulated

forms of DBM.8,9,16

Various carrier materials such as glycerol, fibrin sealent,

hyaluronic acid, lecithin, polyorthoester,

polyethyleneoxide-polybutylene terephthalate (PEO-PBT)

copolymer, polylactic-co-glycolic acid (PLGA) and

Poloxamer 407 have been used to facilitate the handling

of DBM powder.9 In the present study, DynaGraft-D™ was

used in one side of the patients as a paste form of DBM for

sinus graft material. DynaGraft-D™ is a unique graft

substitute composed of a high content of human DBM in

a reverse phase medium provided by Poloxamer 407, and

is designed to promote natural bone formation.8

Different results have been demonstrated by several

studies regarding marginal bone loss around dental

implants in maxillary sinus grafted with various graft

materials. One such study evaluated radiological bone

resorption around dental implants placed in grafted

sinuses after up to 4 years of function on 18 cases.17

Twenty-six sinus augmentations were performed with

alloplastic or xenogenic grafting materials on these 18

patients, and 37 implants were inserted. The change in

marginal bone level around the implants was found at the

mesial and distal side to be 1mm and 1.1mm during the

first year after the abutment connection, followed by an

annual loss of 0.1mm and 0.2 mm, respectively. In our

study, similar results were found. The average marginal

bone loss around dental implants at sinus sites grafted

with both putty and powder form of DBM was 0.45, 0.80

and 1.21 at prosthetic loading, 12-month and 30-month

follow-up, respectively

Another study inserted 38 implants in 16 sinuses together

with simultaneous sinus lifting, and evaluated survival

rate and marginal bone resorption volume around the

implants after follow-up periods of 1-7 years. The reported

survival rate of these implants was 92.1% with 3 failed

implants and the marginal bone loss evaluated at final

observation was 1.35-1.87mm.18 Another clinical study

evaluated the sinus bone graft resorption and marginal

bone loss around the implants.19 The study compared

xenograft and a minimal amount of autogenous bone

(Group 1) versus a minimal amount of autogenous bone

and equal amounts of allograft and xenograft (Group 2) in

sinus augmentation. The average marginal bone loss 1

year after prosthodontic loading and after 20.8 months'

follow-up was found to be 0.6 mm and 0.7 mm,

respectively, in Group I. A 93.9% success rate was

observed for Group I, with 3 implants showing bone

resorption of >1.5mm within 1 year of loading. For Group

II, the average marginal bone loss 1 year after

prosthodontic loading and after 19.7 months' follow-up

was 0.7 mm and 1.0 mm, respectively. An 83.3% success

rate was observed for Group II, with 4 implants showing

bone resorption of >1.5 mm within 1 year of loading. But

it concluded that mixed grafting with DBM for maxillary

sinus bone grafting had no significant short-term merit

regarding bone healing and stability of implants

compared with anorganic bovine bone alone. 

A retrospective study evaluated the survivability and

success of single implants placed simultaneously during

direct sinus lifts with particulate and paste forms of DBM

and evaluated the effect of paste form on time

management and membrane integrity during the

procedure.8 There were no significant differences

between the two forms of DBM when survivability of the

implants were judged. But the operation time was

significantly decreased in the paste form group.8 In our

study, no significant difference was found between two

forms of DBM according to survival rates and marginal

bone levels. Also, operation time was not compared

between the 2 groups, but in our experience, the paste

form was applied more easily than the powder form. 

A study has reported the effect of paste form of DBM on

sinus floor augmentation using clinical parameters.3 Sinus

augmentation procedures were performed on 5 cases and

after an average of 6 months' healing period, all implants

showed favourable osseointegration and final

restorations were completed. The study reported that the

paste form of DBM was clinically useful for the increase of

bone volume in sinus augmentation, because of its
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favourable behaviour towards new bone formation and

easy handling. Another study showed satisfactory results

of maxillary sinus lift with paste form of DBM after 9

months' healing period.2 In our study, both putty and

powder forms demonstrated satisfactory results. There

were no significant differences between the two groups.

A retrospective study reported a total of 282 dental

implants with sinus augmentation and recorded that the

cumulative survival rates of these implants were 95.6%

and 100% for autogenous and bovine bone material,

respectively. The marginal bone resorption were shown as

1.8mm mesially and 2.1mm distally at the 1-year follow-up,

and 1.4mm mesially and 1.5mm distally at the 2-year

follow-up.20 Studies have also shown that delayed implant

positioning resulted in a mean marginal bone loss three

times greater than that of simultaneous implant

positioning.20,21 In the current study, all implants were

performed with simultaneous sinus lifting and

demonstrated acceptable results in line with literature.20,21

Conclusion
Both putty and powder forms of DBM showed satisfactory

results and had no significant difference at marginal bone

loss around dental implants and survival rates according

to long-term followup. As the current study was limited by

the small number of patients, more long-term studies

with larger groups of patients are required before its

findings could be generalized.

Disclosure
There was no financial assistance from any source for this

study.
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