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Background/purpose: Ridge resorption after tooth extraction may result in inadequate bone
volume and unfavorable ridge architecture for ideal implant placement. The use of bone sub-
stitutes has been advocated to fill extraction sites and to enhance primary implant stability.
This study was made to evaluate the clinical efficacy of novel 3D printed nano-porous hydroxy-
apatite (3DP HA, test group) in comparison to nano-crystalline bone graft (NanoBone�, control
group) in alveolar ridge preservation prior to implant placement.
Materials and methods: Thirty patients were randomized into two groups following tooth
extraction. All extracted sockets were filled with 3DP HA or NanoBone� and covered with a
non-resorbable membrane. After four months, cone-beam computed tomography (CBCT) and
intraoral scanner were used to measure dimensional changes of bone and soft tissue surface.
Bone core specimens were harvested for histological analysis during implant osteotomy.
Implant stability was assessed using a modified damping capacity analysis.
Results: At four months postoperatively, dimensional changes in soft tissue surface resorption
were less in the test group than in the control group; however, alveolar bone resorption was
the same in both groups. Histological analysis revealed new bone formation, residual graft
and fibrous connective tissue in both groups. The average primary implant stability (IST) value
for both groups was approximately 70. There was no statistically significant difference in all
parameters between two groups (p> 0.05).
t of Periodontology and Implantology, Faculty of Dentistry, Thammasat University, Khlongluang,

(B. Buranawat).

003
l Sciences of the Republic of China. Publishing services by Elsevier B.V. This is an open access article under
vecommons.org/licenses/by-nc-nd/4.0/).

mailto:borvornw@tu.ac.th
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jds.2021.05.003&domain=pdf
https://doi.org/10.1016/j.jds.2021.05.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/19917902
http://www.e-jds.com
https://doi.org/10.1016/j.jds.2021.05.003
https://doi.org/10.1016/j.jds.2021.05.003


Journal of Dental Sciences 17 (2022) 194e203
Conclusion: 3DP HA could potentially be used as an alternative bone graft material for alveolar
ridge preservation.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Implant therapy has gained increasing popularity in recent
decades, with reliable long-term outcomes. Local condi-
tions of the implant site have an important role, especially
in the quality and quantity of the available bone.1 After
extraction, significant resorption of the alveolar ridge in
both horizontal and vertical dimensions is expected.2 Most
studies have reported that alveolar ridge volume loss after
extraction is an inevitable and irreversible process.3,4 Rapid
resorption rate following tooth removal is found in the first
six months5,6 and continues at a mean 0.5e1% per year for
life.7 To overcome this resorption, a method of alveolar
ridge preservation (ARP) has been published in many stud-
ies.8e13 In order to preserve alveolar bone and avoid the
need for ridge augmentation, the use of several socket
grafting materials including allograft, xenograft and allo-
plastic biomaterials has been reported.9,10,14e19 Alloplastic
bone substitute such as hydroxyapatite (HA) has been
frequently used due to its osteoconductive property,
practically unlimited quantity, and the fact that there is no
risk of disease transmission.20 This HA is the least soluble
form of the naturally occurring calcium phosphate salts and
provides an osteoconductive scaffolding function, being
highly resistant to physiologic resorption.21

Recently, a combination of 3-dimensional powder
printing process and low-temperature phase transformation
could produce a novel low-crystalline nano-hydroxyapatite
structure.22 This low-temperature technique allows for
production of bone graft material with both osteo-
conductivity and osteoclastic resorbability in vivo due to
their low crystallinity in comparison with the typical high-
temperature sintering route.22e26

The aim of this study was to evaluate the clinical effi-
cacy of this novel 3D printed nano-porous hydroxyapatite
bone substitute in comparison with commercial bone graft
(NanoBone�) in alveolar ridge preservation prior to implant
placement.
Materials and methods

This study was a single-blinded, prospective, randomized,
controlled, clinical trial with 30 patients who needed tooth
extraction and implant replacement during the period of
September 2018 to January 2020. The study was conducted
in accordance with the ethical principles stated in the
Declaration of Helsinki and the International Conference on
Harmonization (ICH) for Good Clinical Practice (GCP). The
protocol was registered in the Thai Clinical Trials Registry
(Study ID: TCTR20181026001) and approved by the research
ethics committee of Thammasat University (Approval No.
195
011/2561). The flowchart of the study design and timeline
according to CONSORT guidelines is shown in Fig. 1. All
patients were informed of the details and purpose of the
study and signed an informed consent before being enrolled
in the study. All surgical treatments and measurements
were performed by one surgeon (PK).

Based on previous reports,27 the sample size was
calculated considering differences of at least 1mm in
dimensional changes between the two groups and assuming
a standard deviation of 1.25. It was defined that 12 teeth
per group were necessary to provide an 80% power with an
a of 0.05. Considering an attrition rate of about 20%, at
least 13 teeth should be included in each treatment group.
Assuming a 15% loss to follow-up, hence the number of
samples was 15 teeth per group (test and control).

Inclusion criteria

� Good general health (ASA 1, 2)
� Controlled periodontitis
� Age >18 years old or with parental approval
� Cigarette smoking habit of less than ten cigarettes per
day

� Single-tooth extraction in the anterior/premolar areas
and only teeth with an intact buccal bone plate (more
than 50%) were included in the study population.

� All extraction sites presented a minimum width of 2 mm
of keratinized gingival tissue, with signed informed
consent by the patients.
Exclusion criteria

� Pregnancy or lactation in females
� Smoking habit of more than ten cigarettes/day, but
subjects smoking less than ten cigarettes per day were
requested to stop smoking for two weeks before and
after surgery.

� Bone disease or the use of medicines that interfere with
bone metabolism

� A history of head and neck radiotherapy or the presence
of dehiscence or fenestration on the bone wall of the
socket
Surgical procedures

All surgical procedures were performed by one surgeon
using local anesthesia. After atraumatic extraction, the
walls of the extraction socket were evaluated. An intraoral
scanner (CEREC AC Omnicam 1.0, Dentsply Sirona, Hessen,
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Figure 1 Flowchart of the study design and timeline.
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Germany) and CBCT (DentiiScan 1.1, NSTDA, Khlong Luang,
Thailand) were used for baseline data. The extracted
sockets were randomized into two groups, with the test
group sockets being filled with 3DP HA (granule size 1 mm,
MTEC, Khlong Luang, Thailand), prepared as described
previously,22 while the control group sockets were filled
with NanoBone� (granule size 0.6mm, Artoss, Rostock,
Germany). All filled sockets were covered with non-
resorbable membrane (CytoplastTM TXT-200, Osteogenics,
TX, USA). All patients were recalled at one, two, four and
sixteen weeks postoperatively to monitor clinical response
after ARP. After four months, the intraoral scan and CBCT
were taken again before the implant placement. A bone
core biopsy was harvested during implant osteotomy for
histological and histomorphometric analysis (Fig. 2).
Implant primary stability at the time of implant placement
and three months later prior to prosthesis insertion were
measured by using a modified damping capacity analysis
device (AnyCheck IMT-100, Neobiotech Co. Ltd., Wonju-si,
Republic of Korea).
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Data analysis

Stereolithography (STL) image file of soft tissue surface at
the time of extraction and four months after ARP were
exported into the 3D metrology software (GOM Inspect
2019, GOM GmbH, Braunschweig, Germany) for linear
measurement analysis (Fig. 3). To measure the alveolar
bone changes, two DICOM files acquired from CBCT from
two time points were segmented and reconstructed into 3D
STL image files by using 3D slicer software (3D Slicer version
4.10.1, http://www.slicer.org).28 These 3D models were
aligned and analyzed using GOM inspect software (Fig. 4).
Histologic/histomorphometric analysis

Following fixation in buffered formalin solution, the tre-
phined specimens were decalcified and the sections from
the middle part of each specimen were stained with hae-
matoxylin and eosin (H&E). At least eight fields of view per

http://www.slicer.org


Figure 2 Process diagram of clinical procedure; a) Cracked tooth #25; b) #25 Atraumatic extraction; c) Placement of HA hy-
droxyapatite granules in alveolar socket after atraumatic extraction, with closing of the socket by Cytoplast� and suturing; d, e)
After four months, harvesting of the grafted area with a trephine bur in formalin solution.

Figure 3 Process for measuring soft tissue surface dimensional changes of alveolar ridge; a) Created 3D image file into 3D STL
image files from intraoral scanner; b) Two STL image files at the extraction time (D0) and four months (D120) later were imported
into the 3D metrology software and pre-aligned; c) After superimposition of two STL files, the horizontal dimensional changes of
alveolar ridge were analyzed using GOM Inspect software.
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sample were examined and photographed with light mi-
croscope (Nikon DS-U3, Nikon Instruments Inc., NY, USA)
equipped with camera. Histological observation was eval-
uated in each section, and histomorphometric analysis was
calculated for the percentage of new bone formation,
connective tissue, and residual graft particles.
Statistical analysis

All statistical analyses were performed using GraphPad
Prism 8.0 (GraphPad, California, USA). ShapiroeWilks test
197
was used to validate the normal distribution of the data,
and all results were analyzed by ManneeWhitney test,
which are nonparametric tests. Regression analysis was
used to investigate the influence of variables on the clinical
outcomes. The level of statistical significance was set at
p< 0.05.
Results

All extracted sites had four walls of socket with more than
50% of buccal and palatal/lingual bone plate. There were



Figure 4 Process for measuring the alveolar bone changes; a) Created 3D image file and reconstructed files from CBCT into 3D
STL images by using 3D slicer software; b) Two STL image files from CBCT immediately after extraction and four months later were
pre-aligned; c) After superimposition of two STL files before measuring the alveolar bone changes, the horizontal dimensional
changes of alveolar bone were analyzed using GOM Inspect software.
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15 patients with 3DP HA and 15 patients with NanoBone�
who underwent the ridge preservation procedure. The de-
mographic data of the patients in each group are shown in
Table 1.
Soft tissue surface dimensional changes of alveolar
ridge

Table 2 shows that the changes in dimension of alveolar
ridge resorption in the control group was greater than those
Table 1 Demographic data of the participants in the control g

Characteristic Nan
gro

Age, mean� SD, (years) 60.
Gender n (%) Male, n (%) 2 (1

Female, n (%) 13
Periodontal parameters,

mean� SD, (mm)
Keratinized tissue 4.6
PPD 3.5

Tooth types (%) Anterior, n (%) 1 (6
Premolar, n (%) 14

Location Maxillary, n (%) 8 (5
Mandible, n (%) 7 (4

Causes of extraction Endodontic failure, n (%) 6 (4
Periodontitis, n (%) 5 (3
Fractures, n (%) 4 (2

SD, standard deviation; n, number; mm, millimeter; 3DP HA, 3D print
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of the test group. However, no significant difference in the
measured dimensional changes at all locations between the
two groups was observed (p> 0.05).
Dimensional changes of alveolar bone

The alveolar bone changes at the coronal part were greater
than the apical part (Table 2). At all levels of measurement,
no significant difference in bone preservation between two
groups was observed (p> 0.05).
roups and the test groups.

oBone� (Control
up, nZ 15)

3DP HA (Test
group, nZ 15)

p-value

13� 2.31 years 60.33� 1.54 years 0.825
3.33%) 3 (20%) e

(86.67%) 12 (80%) e

7� 1.82mm 4.19� 1.41 mm 0.432
9� 0.94mm 3.99� 1.21 mm 0.320
.67%) 2 (13.33%) e

(93.33%) 13 (86.67%) e

3.33%) 9 (60%)
6.67%) 6 (40%)
0.0%) 7 (46.66%) e

3.33%) 4 (26.67%) e

6.67%) 4 (26.67%) e

ed nano-porous hydroxyapatite; PPD, periodontal probing depth.



Table 2 Soft tissue surface dimensional changes of alveolar ridge (intraoral scanner STL data) and horizontal dimensional
changes of alveolar bone (CBCT data) immediately after tooth extraction and four months after preservation in each group
(Mean� SD).

Location Soft tissue surface dimensional
changes of alveolar ridge

Horizontal dimensional
changes of alveolar bone

NanoBone�
(Control group;
nZ 15)

3DP HA (Test
group; nZ 15)

p-value NanoBone�
(Control group;
nZ 15)

3DP HA (Test
group; nZ 15)

p-value

At gingival margin �2.45� 0.67 �2.40� 0.59 0.664 �0.97� 0.14 �0.92� 0.28 0.691
1mm �2.33� 0.66 �2.27� 0.57 0.693 �0.86� 0.11 �0.84� 0.29 0.644
2mm �2.28� 0.72 �2.07� 0.56 0.892 �0.63� 0.16 �0.65� 0.19 0.953
3mm �1.90� 0.77 �1.92� 0.60 0.984 �0.44� 0.13 �0.46� 0.18 0.983
4mm �1.74� 0.80 �1.72� 0.58 0.995 �0.31� 0.10 �0.37� 0.10 0.920
5mm �1.56� 0.84 �1.51� 0.58 0.963 �0.27� 0.10 �0.27� 0.22 0.892
Total difference �2.03� 0.79 �1.98� 0.64 0.219 �0.58� 0.29 �0.59� 0.32 0.265

n, number; mm, millimeter; 3DP HA, 3D printed nano-porous hydroxyapatite.

Table 3 Implant stability test (IST) at the time of implant placement (IST1) and three months later before inserting the
prosthesis (IST2) in each group (Mean� SD).

Implant stability NanoBone� (Control group, nZ 15) 3DP HA (Test group, nZ 15) p-value

IST1 70.6� 2.77 69.2� 1.93 0.198
IST2 74.8� 2.92 73.8� 2.87 0.977

IST, implant stability test; n, number; 3DP HA, 3D printed nano-porous hydroxyapatite.
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Insertion torque and implant stability

All implants were placed at a mean insertion torque >35
Ncm in both groups. There was good primary implant sta-
bility with an average IST value of 69e70 in all preserved
sites. After three months, an increase in implant stability
value was observed in all implants. There was no statistical
difference in IST value between the two groups (p> 0.05)
(Table 3).

Histological and histomorphometric analysis

New bone formation and residual graft materials were seen
in all harvested samples (Fig. 5). The percentage of new
bone formation, residual graft and connective tissue were
shown in Table 4. No statistically significant difference
between the two groups was observed (p> 0.05).

Discussion

Post extraction resorption was unavoidable, but with the
aid of membrane and bone graft materials the resorption
can be minimized. Several studies reported significant
reduction in resorption when bone graft was filled in
extracted sockets in comparison with spontaneous healing
by only blood clotting.21 This was also observed in our
study, using 3DP HA and NanoBone� as socket-filling bone
substitute materials.

In this study, linear measurement by measuring the
distance between two surface points at interested level
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makes it possible to represent the dimensional changes
with high sensitivity and accuracy.4,19,27 Using stereo-
lithography (STL) data of soft tissue surface, the mean
horizontal ridge changes were �1.51 to �2.40 mm in the
test group and �1.56 to �2.45 mm in the control group.
These results were comparable to the range as reported in
the systematic review and meta-analysis by Avila-Ortiz
et al.29 which concluded that dimensional change in ridge
preservation was typically �1.1 to �3.5mm. Our results
also agree with other studies which showed that the use of
bone grafts for ridge preservation was effective in pre-
venting ridge resorption after tooth extraction.11,19,30e33

The mean horizontal dimensional changes of alveolar
bone at four months post extraction were �0.27 to
�0.92 mm in the test group and �0.27 to �0.97 mm in the
control group, while previous studies found �3.8 mm34,
-3.6 mm35 and -3.06 mm36 six months after no ridge pres-
ervation. Also, ridge preservation demonstrated better ef-
ficacy in the horizontal dimension.13 The total mean of soft
tissue surface dimensional changes of alveolar ridge dif-
ferences was �2.03 mm in the control group and �1.98 mm
in the test group, while the total mean of horizontal
dimensional changes of alveolar bone differences was
�0.58 mm in the control group and �0.59 mm in the test
group. This study showed that soft tissue surface changes
more than bone changes.

Histological study revealed that all the samples in the
grafted area were occupied by connective tissue, new bone
and residual bone graft granules. Newly formed bone in
both groups was in direct contact with bone graft granules,
indicating their comparable good bioactivity and



Figure 5 Histological observation four months after surgery. H&E staining demonstrated new bone (NB), fibrous tissue (FB) and
residual hydroxyapatite granules (RG) in: a) 3DP HA (test group) and b) NanoBone� (control group) (magnification� 200).

Table 4 Histomorphometric data of the NanoBone� group and the 3DP HA group four months after preservation (Mean� SD).

Measurement NanoBone� (Control group, nZ 15) 3DP HA (Test group, nZ 15) p-value

New bone formation (%) 31.35� 4.82 33.20� 6.73 0.385
Residual bone graft (%) 31.69� 6.42 27.04� 7.91 0.090
Connective tissue (%) 36.96� 8.56 39.76� 4.03 0.264

n, number; 3DP HA, 3D printed nano-porous hydroxyapatite.
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osteoconductivity. New bone was found mainly at the api-
cal part of the socket in the NanoBone� group, while both
the apical and coronal parts of the socket were filled with
new bone in 3DP HA group (Fig. 5). The histomorphometric
Table 5 Regression analysis with dimensional changes and IST

Variables Group p-

Keratinized tissue VS Soft tissue
surface dimensional changes of
alveolar ridge differences

NanoBone� 0.
3DP HA 0.

Keratinized tissue VS Horizontal
dimensional changes of alveolar
bone differences

NanoBone� 0.
3DP HA 0.

Keratinized tissue VS IST differences NanoBone� 0.
3DP HA 0.

PPD VS Soft tissue surface
dimensional changes of alveolar
ridge differences

NanoBone� 0.
3DP HA 0.

PPD VS Horizontal dimensional
changes of alveolar bone
differences

NanoBone� 0.
3DP HA 0.

PPD VS IST differences NanoBone� 0.
3DP HA 0.

Age VS Soft tissue surface
dimensional changes of alveolar
ridge differences

NanoBone� 0.
3DP HA 0.

Age VS Horizontal dimensional
changes of alveolar bone
differences

NanoBone� 0.
3DP HA 0.

Age VS IST differences NanoBone� 0.
3DP HA 0.

IST, implant stability test; PPD, periodontal pocket depth; 3DP HA, 3
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measurements showed residual graft of 27.04% in the test
group and 31.69% in the control group. Typically, hydroxy-
apatite was reported to be stable and displayed limited
resorption. The low residual content of 3DP HA observed in
as dependent variable

value Regression
coefficient

Standard
error

95% Confidence
Interval

997 0.001 0.099 �0.215 to 0.216
976 0.003 0.094 �0.199 to 0.205

479 �0.017 0.023 �0.066 to 0.033
876 �0.004 0.027 �0.062 to 0.053

060 0.406 0.196 �0.018 to 0.831
747 0.128 0.390 �0.714 to 0.971
665 �0.084 0.191 �0.496 to 0.327
103 �0.173 0.098 �0.385 to 0.040

859 0.008 0.045 �0.089 to 0.106
882 0.005 0.031 �0.063 to 0.072

791 0.118 0.435 �0.823 to 1.059
237 0.536 0.432 �0.398 to 1.470
514 �0.019 0.019 �0.061 to 0.021
733 �0.009 0.026 �0.065 to 0.047

713 �0.002 0.005 �0.012 to 0.008
961 �0.001 0.007 �0.016 to 0.016

060 0.085 0.039 0.002 to 0.168
128 0.161 0.099 �0.053 to 0.376

D printed nano-porous hydroxyapatite; VS, versus.



Figure 6 Scatterplot illustrating the effect of keratinized tissue to dimensional changes of soft tissue surfaces, alveolar bone and
IST values in Nanobone� group VS 3DP HA group by regression analysis.
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this in vivo situation further confirmed that the resorbable
nature of 3DP HA resulted from the use of a low-
temperature process which was previously seen in an
in vitro resorption test.26 Although the residual content was
still greater than the 10e13% of residual deproteinized
bovine bone, as reported by Consistent with Felice et al.
Figure 7 Scatterplot illustrating the effect of PPD to dimensional
Nanobone� group VS 3DP HA group by regression analysis.
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(2009)37 from a clinical implant placement perspective,
such a difference did not present any handling difficulty
during the placement of the trephining cores and the
implant.

In this study, four months after ridge preservation, using
test and control bone graft materials minimized ridge
changes of soft tissue surfaces, alveolar bone and IST values in



Figure 8 Scatterplot illustrating the effect of age to dimensional changes of soft tissue surfaces, alveolar bone and IST values in
Nanobone� group VS 3DP HA groups by regression analysis.
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resorption and provided good integration in all 30 cases. An
average IST value of 70 was seen in the control group and 69
in the test group at the time of implant placement, which
indicates good stability for implant osseointegration.38 An
average IST value of 74 in the control group and 73 in the
test group before insertion of the crown showed that good
stability can be reached in prosthesis insertion, that the
grafting procedure did not impair osseointegration,39 and
that implants placed in bone regenerated using 3DP HA
were able to sustain loading and provide similar long-term
results to those placed in pristine bone.40

The regression analysis in Table 5 identified the influ-
ence of contributing factors such as keratinized tissue,
periodontal probing depth (PPD), and age did not affect
clinical outcomes after ridge preservation in dimensional
changes of soft tissue surface, dimensional changes of
alveolar bone, and IST in both groups. Because the subjects
were randomly selected based on their need for tooth
extraction with ridge preservation, the two groups (control,
test) did not differ with respect to age, PPD, keratinized
tissue and favorable bone configuration in extracted
socket. Therefore, the graph in Figs. 6e8 show the same
outcome when comparing the two groups. However, the
gender, tooth type, tooth location and causes of extracted
teeth were not interpreted in the regression analysis
because of the limited number of the cases.

The limitations of this study were the absence of a
negative control group of unassisted socket healing which
might not allow for complete evaluation of the overall
effectiveness of the two bone grafts, the small number of
participants, and the relatively short follow-up times.

Within all parameters of this study, no statistically sig-
nificant differences were found in alveolar ridge resorption
202
after alveolar ridge preservation with 3DP HA bone graft
material or commercial bone graft material (NanoBone�) in
terms of 3-dimensional changes of soft tissue and bony
tissue, IST value after implantation, and histomorphometric
analysis. Overall results indicated that 3DP HA bone graft
material can potentially be used as bone grafting material
for alveolar ridge preservation.
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