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Long-term evaluation of autogenous demineralized dentin
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Purpose: Autogenous demineralized dentin matrix (ADDM), derived from human extracted tooth, is commonly used as a bone-graft
substitute to reconstruct alveolar defects when placing dental implants. The purpose of this retrospective study is to examine efficacy
of ADDM in terms of surgical complications and marginal bone resorption by analyzing the medical records and radiographs of patients.
Materials and Methods: ADDM graft from 2008 to 2011 in our institute. Occurrence of complications, marginal bone loss around
implants were investigated with regard to the type of defect, location of bone grafting, and types of bone graft techniques.
Results: ADDM-based bone grafting was performed on 221 sites in 82 patients and 208 implants were placed afterwards: The percentage
of complications after bone grafting was 15.84%, and the implant survival rate was 95.19%. All complications were resolved with conventional treatment except for the 10 cases of osseointegration failure. The average marginal bone loss was 0.31 mm at the last examination
after the average follow-up period of 7.2 years.
Conclusions: Within the limitation of this study, the results of long-term follow-up are consistent with the short-term results of relevant
studies. ADDM can produce promising clinical outcomes when used for alveolar ridge augmentation around implants. (JOURNAL OF
DENTAL IMPLANT RESEARCH 2020;39(2):17-23)
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INTRODUCTION

rial using an extracted autogenous tooth that has a healing process that closely resembles autologous bone for

The currently used bone graft materials for reconstruction

the first time in Korea in 2008. Its clinical safety and effi-

of alveolar bone defects are classified into autogenous, al-

cacy have been proved in Korea, and ADDM is com-

logenic, xenogenic, and synthetic materials, depending on

monly used as bone graft substitute for the defect asso-

the origin of the donor bone. The most ideal material for

ciated with extraction socket, guided bone regeneration,

reconstructing hard tissue defects is an autogenous bone

ridge augmentation, and sinus bone graft

1-3)

.

graft material that heals quickly and results in osteo-

The purpose of this study was to retrospectively exam-

genesis, osteoinduction, and osteoconduction, without

ine the efficacy and safety of cases in which various bone

immune rejection. Autologous bone, however, has very

grafts were performed using ADDM in the early stage of

limited harvesting and causes donor site complications

development.

and morbidity. In this respect, Kim at al. developed the
autogenous demineralized dentin matrix (ADDM; AutoⓇ
BT , Korea Tooth Bank, Seoul, Korea), a bone graft mate-
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MATERIALS AND METHODS

Table 1. Summary of study variables
Study Variable

The present study was conducted with an approval
from the Institutional Review Board of Seoul National
University Bundang Hospital (IRB No: B-1910-568-107). I
have read the Helsinki Declaration and have followed the
guidelines in this investigation.
Among the patients who received ADDM graft with
dental implant from 2008 to 2011, at the Department of
Dentistry, Seoul National University Bundang Hospital,
83 patients (51 men and 32 women; the average age of
51.8) were enrolled in this study. The selected patients for
review should meet the requirements as following: 1)
Patients whose teeth were extracted and were used to
fabricate ADDM required bone graft for implant placement, 2) ADDM were used as primary bone graft material either solely or along with other bone graft materials,
3) Patients have never received radiation therapy and/or
chemotherapy in the oral cavity, 4) Patients have taken
radiographs such as periapical, panoramic x-ray, or CBCT
before and after treatment, 5) All operations were con-

Patients
Sample size (n)
Sex: male
Mean age±SD (yr)
Bone grafting sites
Sample size (n)
Locations
Maxilla
Mandible
Types of bone graft techniques
GBR
Sinus bone graft
Ridge augmentation
Ridge split
Combinations
Types of used bone graft materials
ADDM
ADDM+mix

Descriptive statistics

83
51 (61.45%)
51.8±12.20
221
155 (70.14%)
66 (29.86%)
37
52
30
2
100

(16.74%)
(23.53%)
(13.57%)
(0.90%)
(45.25%)

135 (61.09%)
86 (38.91%)

GBR: guided bone regeneration, Sinus: maxillary sinus bone
graft by using lateral and crestal approach, Ridge augmentation:
horizontal and vertical ridge augmentation, Combinations: combinations of 2 or more bone graft techniques from above. ADDM:
bone graft cases using only ADDM, ADDM+mix: bone graft cases
using ADDM along with autogenic, allogenic, xenogenic, synthetic
bone graft material, or combinations of the above.

ducted by one expert surgeon. Patients with uncontrolled
systemic diseases were excluded. Additional bone graft

taneously with bone graft or with delayed period to as-

materials included autogenous, xenogenic, synthetic

sure sufficient healing, depending on whether primary

bones. Bone graft was done in total 221 sites, and 208 im-

stability could be obtained or not. GBR was defined as

plants were placed afterwards. Demographic information

a case in which bone graft was performed to repair a

of patients, locations of ADDM graft, type of bone graft

small bone defect around the implant. On the other hand,

techniques, and type of graft materials are summarized

ridge augmentation was defined as a case where the

in Table 1.
Patients who were grafted only using ADDM were

one-wall defect was increased vertically or horizontally.

designated as the experimental group, while patients who

adhesives were used if needed.

In some patients, resorbable barrier membranes or tissue

were grafted using ADDM mixed with additional bone
graft materials being the control group, defined as
ADDM and ADDM+mix group, respectively. Marginal
bone resorptions were compared in two groups.

2. Measurements of marginal bone resorption
We observed the marginal bone loss with panoramic
and periapical radiographs from the time of final prosthesis completion as base line to the last follow-up using

1. Surgical procedures

INFINITT PACS 3.0 (INFINITT Healthcare Co., Ltd. Seoul,

All surgeries were conducted under general anesthesia,

Korea) software installed in Orthoceph OC100 CR (Ins-

intravenous sedative anesthesia or local anesthesia.

trumentarium Imaging, Tuusula, Finland), and N All per-

Incision on the alveolar crest was performed and full

iapical radiographs were taken using bisecting angle tech-

flaps were raised afterwards. Bone graft was done by

nique, positioning the tube head in direction of the center

guided bone regeneration (GBR), sinus bone graft with

of the object. Linear measurement of marginal bone re-

lateral or crestal approach, horizontal or vertical ridge

sorption was obtained by one examiner, by calculating

augmentation, or ridge split. Implants were placed simul-

the average of mesial and distal distance from implant
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platform to alveolar crest, which were determined by

such as screw loosening, screw fracture, and implant

multiplying the number of exposed threads and pitch dis-

crown fracture were excluded, and thereby only bio-

tance provided by the manufacturer for each implant, as

logical complications were covered regarding the relevant

shown in Fig. 1. The amount of bone resorption at the

issue.

baseline was subtracted from the amount at each time of
the measurement to define the baseline as 0 marginal

4. Implant survival and failure

bone resorption. The amount of marginal bone resorption

We defined the state of implant that function without

was compared between ADDM and ADDM+mix group.

mobility inside oral cavity as implant survival. Any im-

Cases with only sinus bone graft were excluded for the

plants which were removed or remained sleeping due to

evaluation of the marginal bone resorption since the graft

any reason such as osseointegration failure and peri-im-

material would not affect crestal margin of the alveolar

plantitis were defined as implant failure. Implant survival

bone.

rate was obtained by above criteria.

3. Complications

5. Statistical analysis

Complications were classified into surgical complica-

Independent t tests were used to test statistical differ-

tions and complications that occurred after prosthetic

ence between mean marginal bone resorption of ex-

loading. The former included wound dehiscence, sinus

perimental and control groups from the time of final

perforation, hematoma, and maxillary sinusitis while the

prosthesis completion to the last follow-up. In this study,

latter included peri-implant mucositis, peri-implantitis,

the difference according to the use of barrier membrane

and osseointegration failure. Osseointegration failure that

was not compared. All analyses were performed using

occurred within 1 year after bone graft was defined as

software SPSS for Windows (version 17.0, Chicago, IL,

immediate osseointegration failure, while osseointegra-

USA), and differences were considered to be statistically

tion failure that occurred after prolonged period due to

significant for P＜.05.

any reason such as peri-implantitis was defined as de-

RESULTS

layed osseointegration failure. Prosthetic complications

Implants were placed in 73 out of 82 patients after
bone grafting, and 208 out of 221 bone graft cases had
implants placed. The average follow-up period after bone
grafting was 7.2 years, while the average follow-up period after implant prosthesis placement was 6.6 years.
The bone graft technique with guided bone regeneration
was performed in 37 cases, the maxillary sinus bone graft
technique either with crestal approach or lateral approach
in 52, vertical, horizontal, or combined ridge augmentation in 30, ridge split in 2, and combinations of the above
in 100 cases.
Among the types of bone graft materials, ADDM was
used solely in 135 cases and along with other bone graft
Fig. 1. Example of measuring the amount of marginal bone
resorption. (a) The number of exposed threads: 2, pitch distance:
0.7 mm, the amount of marginal bone loss: 2×0.7=1.4 mm. (b)
The number of exposed threads: 1.5, pitch distance: 0.7 mm,
the amount of marginal bone loss: 1.5×0.7=1.05 mm. Therefore,
total marginal bone loss of this example can be obtained as
1.23 mm, the average of distal and mesial marginal bone loss.

materials in 86 cases; autogenous bone was used in 11,
allogenic bone in 29, xenogenic bone in 15, synthetic bone
in 2, a combination of the autogenous bone and the allogenic bone in 8, a combination of the autogenous bone
and the xenogenic bone in 4, a combination of the autoge-
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nous bone and the synthetic bone in 3, a combination of

implants were removed or remained sleeping due to im-

the allogenic bone and the xenogenic bone in 13, and a

mediate or delayed osseointegration failure, were re-

combination of the allogenic bone and the synthetic bone

solved with treatments such as peri-implant curettage,

in 1 case.

medication, and prosthetic re-fabrication (Table 2).

Surgical complications after bone grafting included 9

The average marginal bone loss of 0.09 mm, 0.15 mm,

and 3 wound dehiscence, 7 and 14 maxillary sinus perfo-

0.22 mm, and 0.30 mm, 0.07 mm, 0.13 mm, 0.25 mm, and

rations in experimental and control group, respectively,

0.49 mm, and 0.08 mm, 0.14 mm, 0.23 mm, and 0.31 mm,

and 2 hematomas and 1 maxillary sinusitis occurred only

1 year after prosthesis functioning, 2 years after prosthe-

in the control group. occurred only in the control group.

sis functioning, 3 years after prosthesis functioning, and

Sinus membrane perforation was closed during surgery

at the last follow-up, were observed in the experimental,

using a suitable oxidized cellulose, collagen sheet or re-

control, and total group, respectively. The marginal bone

sorbable barrier membrane. Complications that occurred

resorption was within range of minimum 0 to maximum

after prosthetic loading included 1 and 3 peri-implant

3.70 mm and 0 to 5.15 mm in the experimental and con-

mucositis, 13 and 8 peri-implantitis, 5 and 3 osseointegra-

trol group, respectively. There was no significant differ-

tion failures in the experimental and control group,

ence in the average marginal bone loss between two

respectively. All complications, except the cases where

groups at all times of the measurement. Average marginal bone loss and standard deviations compared by group
and time are shown in Table 3.(Fig. 2) The implants’ sur-

Table 2. Complications and implant survival rates
Study Variable
ADDM (n=135)
Surgical complications
Wound dehiscence
Sinus perforation
Complications after prosthetic
Peri-implant mucositis
Peri-implantitis
Immediate osseointegration
Implant survival
ADDM+mix (n=86)
Surgical complications
Wound dehiscence
Sinus perforation
Hematoma
Maxillary sinusitis
Complications after prosthetic
Peri-implant mucositis
Peri-implantitis
Immediate osseointegration
Implant survival

Descriptive statistics

vival rate was 94.81%, 96.51%, and 95.19% for the control,
experimental, and total group, respectively. Implant fail-

loading

failure

loading

failure

16 (11.85%)
9
7
19 (14.07%)
1
13
5
128 (94.81%)
20 (23.26%)
3
14
2
1
14 (16.28%)
3
8
3
83 (96.51%)

Fig. 2. Average marginal bone loss over time. Baseline: marginal
bone loss at the time of prosthesis completion, 1 year: marginal
bone loss 1 year after prosthesis functioning, 2 years: marginal
bone loss 2 years after prosthesis functioning, 3 years: marginal
bone loss 3 years after prosthesis functioning, last follow-up:
marginal bone loss at the last follow-up, average follow-up period
of 6.6 years after prosthesis functioning. No significant difference
was found between two groups.

Table 3. Average marginal bone loss and standard deviations compared by group and time (mm)
ADDM (n=110)

ADDM+mix (n=43)

Total (n=153)

Mean±SD

Mean±SD

Mean±SD

0
0.09±0.41
0.15±0.56
0.22±0.76
0.30±0.85

0
0.07±0.44
0.13±0.56
0.25±0.82
0.49±1.29

0
0.08±0.42
0.14±0.56
0.23±0.77
0.31±0.90

Difference
Baseline
1 year
2 year
3 year
At the last follow-up

P values, independent t test for difference between ADDM and ADDM+mix groups.
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ure was observed in 10 out of 208 cases and occurred in

gration failure. Implant failure was observed in 10 out of

5 out of 73 patients.

208 implants, and occurred in 5 out of 73 patients. 9 failures were due to immediate osseointegration failure which

DISCUSSION

occurred within 1 year after implant fixture placement
and occurred in all five patients. Another one failure was

Average 7.2 years of follow-up period had been com-

due to delayed osseointegration failure following severe

pleted on 208 implants placed after 221 ADDM-based

peri-implantitis, which occurred in one of the five patients.

bone grafting. The percentage of complications after bone

Every implant which undergone osseointegration failure

grafting was 15.84%, and the implant survival rate was

was removed except for one immediate osseointegration

95.19% (ADDM vs ADDM Mix). All complications were

failure case which had the fixture remained sleeping un-

resolved with conventional treatment except for the 10

der mucosa without functioning.

cases which had implant fixtures removed or remained

All 221 bone graft cases showed normal healing with-

sleeping due to immediate or delayed osseointegration

out any foreign body rejection. Kim et al. reported in

failure. The average marginal bone loss was 0.59 mm at

their previous study that the ADDM can be used as a

the last examination after the average follow-up period

bone graft material regardless of the donor tooth’s con-

of 7.2 years. During the operation, sinus membrane perfo-

dition and showed outstanding osteoinduction and osteo-

ration occurred a lot, but it was closed using an appro-

4)
conduction as it achieved good bone healing . If the

priate biomaterial, and ADDM was grafted and healed

ADDM is not sufficient for a large bone defect, it can be

well without causing any special sequelae. Small sinus
membrane perforation of 2∼3 mm or less could be easily
closed with oxidized cellulose, or collagen sheet. Perforations less than 10 mm were closed with resorbable barrier
membrane and tissue adhesive.
The average marginal bone loss of experimental and
control groups showed no significant difference after
more than 3 years of follow-up, indicating that ADDM
can be used with or without other bone graft materials
presenting clinical stability. Also, no marginal bone loss
at all occurred in 127 cases out of 153 implants which had
been followed up for more than 5 years. Implants with
ADDM-based bone grafts showed a higher level of marginal bone stability and survival rate. The long-term follow-up findings that the ADDM used for implant treatment kept the alveolar crestal bone stable and showed a
higher implant survival rate suggest ADDM’s excellent
bone regenerative effect, remodeling, and efficacy.(Fig. 3)
Cases with only sinus bone graft were excluded for the
marginal bone resorption analysis, assuming that ADDM
would not affect the marginal bone resorption since the
graft site would not involve alveolar crest.
Among a total of 221 bone graft cases, there were various complications, such as maxillary sinus perforation,
hematoma, partial wound dehiscence, peri-implantitis,
peri-implant mucositis, maxillary sinusitis, and osseointe-

Fig. 3. Radiographs of the patient treated with ADDM. (a)
Periapical radiograph before extraction. Patient had severe alveolar
bone resorption due to periodontitis and maxillary sinus pneumatization. Extracted teeth were processed to produce ADDM. (b)
Periapical radiograph after bone graft and implantation. GBR for
socket preservation and maxillary sinus bone graft by lateral
approach were done with implantation. (c, d) Computed tomography
of treated site after extraction and at the last follow-up. Increased
radiopacity of the grafted site is observed. The displayed numbers
are shown just to demonstrate reference for the rough figure of
bone level difference, and are not precise value.
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used in combination with other bone graft materials. The

ficult to accurately assess the healing effect of ADDM be-

present study used allogenic, xenogenic, synthetic, or a

cause ADDM was used with different types of bone

combination of these three materials.

grafts. To evaluate effects of other factors on ADDM’s re-

Present study used 4 types of bone graft techniques (guid-

sults, prospective study must be designed and conducted

ed bone regeneration, maxillary sinus bone graft, ridge

in the future. Further study with larger sample size is

augmentation, and ridge split). Many published studies

needed to demonstrate clinical efficacy of each types.

also reported that the ADDM was used in various bone
5-8)

graft techniques and produced outstanding outcomes

.

CONCLUSION

Previous relevant short-term studies about stability of
powder and block type ADDM graft showed average
marginal bone resorption of 0.20 mm and 0.70 mm, respectively, while present study showed 0.59 mm of aver9,10)

age marginal bone resorption, results being consistent

.

Compared to several other bone graft materials, ADDM

The long-term follow-ups of ADDM-based bone grafts
and suggest the following conclusions:
1. Implants placed after ADDM-based bone grafting
showed a high level of marginal bone stability and implant survival rate, and;

showed similar or superior outcomes regarding marginal

2. Complications that occurred in implants placed after

bone loss and implant survival rate. Kim et al. reported

ADDM-based bone grafting could be solved by appro-

0.7∼1.0 mm of marginal bone resorption after 20-month

priate treatment without causing any serious issues.

follow-up of mixed graft of autogenous bone and bovine
11)
bone with survival rate of 61∼100% . Ungor et al. re-

CONFLICT OF INTEREST

ported 1.20 mm of marginal bone resorption after 30-month
follow-up of allogenic bone graft with survival rate of

There is no conflict of interest.

12)

100% . Also, previous relevant studies have shown that
13)
ADDM grafting increases bone volume effectively .
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