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Abstract: The aim of this randomized controlled study was to
comparatively analyze the new bone (NB), residual bone, and graft-
bone association in bone biopsies retrieved from augmented maxil-
lary sinus sites by histomorphometry and microcomputed tomogra-
phy (MicroCT) in a split-mouth model to test the efficacy of porous
titanium granules (PTG) in maxillary sinus augmentation. Fifteen
patients were included in the study and each patient was treated with
bilateral sinus augmentation procedure using xenograft (equine
origine, granule size 1000–2000 mm) and xenograft (1 g)þPTG
(granule size 700–1000 mm, pore size >50 mm) (1 g), respectively.
After a mean of 8.4 months, 30 bone biopsies were retrieved from
the implant sites for three-dimensional MicroCT and two-dimen-
sional histomorphometric analyses. Bone volume and vital NB
percentages were calculated. Immediate after core biopsy, implants
having standard dimensions were placed and implant stability
quotient values were recorded at baseline and 3 months follow-
up. There were no significant differences between groups according
to residual bone height, residual bone width, implant dimensions,
and implant stability quotient values (baseline and 3 months).
According to MicroCT and two-dimensional histomorphometric
analyses, the volume of newly formed bone was 57.05% and
52.67%, and 56.5% and 55.08% for xenograftþPTG and xenograft
groups, respectively. No statistically significant differences found
between groups according to NB percentages and higher Hounsfield
unit values were found for xenograftþPTG group. The findings of
the current study supports that PTG, which is a porous, permanent
nonresorbable bone substitute, may have a beneficial osteoconduc-
tive effect on mechanical strength of NB in augmented maxillary
sinus.
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he loss of posterior maxillary teeth often causes a very limited
T available bone height for implant rehabilitation because of the
combination of alveolar bone loss and expansion of maxillary
sinus.1–3 Maxillary sinus lifting/augmentation is a routine pro-
cedure for improving prognosis of implant placement in maxillary
posterior area, which is well described and an accepted procedure in
the literature.4,5

Surgical approaches including lifting of maxillary sinus with a
wide variety of grafting materials have evolved during recent years.
Autogenous bone, bone graft substitutes, including allografts
(demineralized and mineralized), xenografts, alloplasts, growth
factors with carriers, and porous titanium granules (PTG) have
been used for sinus augmentation to ensure adequate bone height for
proper dental implant rehabilitation.3,6–11 Autogenous bone is
considered the gold standard material because of its osteoinductive,
osteoconductive, and nonimmunogenic properties.11 On the con-
trary, harvesting autogenous bone may necessitate a second donor
site, furthermore because of the high amount of needed bone graft
for sinus augmentation may also require an extraoral donor site that
would cause a potential morbidity of the patient.5,12,13 In addition,
autogenous bone shows a trend of rapid bone resorption and little
osteoconductivity that reduces the initial bone volume12 and similar
implant survival rates for implants placed in augmented maxillary
sinuses were reported between autogenous and particulate bone
graft substitutes.10

Titanium (Ti) is an accepted compatible material in vivo and is
poorly corrosive in biologic fluids. Accordingly, this material is
often used in implant dentistry and orthopedics. Both mechanical
stability and nonresorbable properties of Ti may be potential
advantages for bone augmentation before dental implant treat-
ment.14,15 Titanium particles have increasingly used for augmenta-
tion procedures, such as sinus lifting, socket preservation, and in the
treatment of peri-implantitis.6,8,15–17 Tissue integration and both
two and three-dimensional bone regeneration with Ti particles,
however, still need to be explored.

Microcomputed tomography (MicroCT) method allows three-
dimensional measurements of bone quantity and microstructure of
the bone, which are important determinants of bone toughness and
ion of this article is prohibited.
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FIGURE 1. Preoperative computed tomography scan of a patient.

FIGURE 2. Preoperative panoramic film.

FIGURE 3. Augmentation materials used.
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strength. Microcomputed tomography analyses have an advantage;
it is a nondestructive system that allows the same biopsy sample for
repeated evaluations such as two-dimensional histology and histo-
morphometry. Although innovations in MicroCT, the histomorpho-
metric techniques still remain as a gold standard for the analyses of
bone and would allow more accurate evaluation of the association
between graft particles, newly formed bone and the cellular charac-
terization.18

Hounsfield units (HU) described bone density by measuring the
gray values on computed tomography (CT) images, clinicians have
attempted to quantify the amount of cortical and cancellous bone
mineral densities expressed in HU.19 The units are based on a linear
scale defined by 2 points, where the attenuation of dry air is set at
1000 HU, and the attenuation of pure water at 25 8C is set at 0 HU.
Measurements of cortical bone can range from þ1000 to
þ1600 HU. Trabecular bone has been reported as having the lower
HU values.19

The aim of this randomized controlled study was to compara-
tively analyze the new bone (NB), residual bone, and graft-bone
association in bone biopsies retrieved from augmented maxillary
sinus sites by histomorphometry and MicroCT in a split-mouth
model to test the efficacy of PTG in maxillary sinus augmentation.
The primary implant stability values were also evaluated to eluci-
date the possible association between histomorphometric, MicroCT
measurements, and resonance frequency analyses in augmented
maxillary sinus.

MATERIALS AND METHODS

Patient Selection
Fifteen patients (8 men, 7 women) age range from 35 to 56 with

an average age of 45.06� 14.5 that were referred to Department of
Periodontology for periodontal treatment or partial edentulism,
were included in the current study. All included patients have
bilateral maxillary posterior partial edentulism and were candidates
for 2-stage bilateral maxillary sinus augmentation. The patients
having systemic problems that would risk the bone-healing process
(metabolic and/or bone diseases, uncontrolled diabetes), precancer-
ous or neoplastic lesions of oral cavity, severe parafunctional habits,
drug or alcohol abuse, smoking, poor oral hygiene, and any
pathology in the maxillary sinus were excluded from the study.
The study and constant forms were approved by the Institutional
Review Board of the University (Decision Number: HEK 11/70–2).
Preoperative panoramic x-rays and dental volumetric CT images
were obtained from all patients. Residual bone height (RBH) and
residual bone width (RBW) was measured from dental volumetric
CT images.

Surgical Procedures
Each patient was treated with bilateral sinus augmentation

procedure (Figs. 1-2). One side was randomly assigned (by a
random table generated by the computer) to be grafted with
xenograft (1 g) (equine origine, granule size 1000–2000 mm, heter-
ologous corticocancellous bone mix, gamma-sterilized Apatos,
Osteobiol, Tecnoss Dental, Turin, Italy) and other side grafted with
xenograft (1 g)þPTG6 (1 g) (granule size 700–1000 mm, pore size
>50 mm, Natix, Tigran Technologies AB, Malmö, Sweden) (Figs.
3-4). Patients received 1 g amoxicillin/clavulanate 1 hour before
surgery and advised to use for 7 days after the surgery with proper
analgesics. Maxillary sinus elevation surgery was performed
according to lateral window technique that was previously
described.1,5 After local anesthesia, a midcrestal incision and
vertical releasing incisions were performed and a mucoperiosteal
flap was raised to expose the lateral sinus wall. An oval osteotomy
Copyright © 2016 Mutaz B. Habal, MD. Unautho
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was performed in the lateral wall to allow the gentle elevation of the
Schneiderian membrane. The sinus membrane was elevated in all
directions to create a space under the membrane to be grafted. The
created subantral cavity was filled with xenograft or xeno-
graftþPTG. Before soft-tissue closure, the bony window was
covered with a resorbable collagen membrane evaluation (Osteo-
Biol, Tecnoss Dental, Torino, Italy). After a mean of 8.4 months
rized reproduction of this article is prohibited.
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FIGURE 4. Xenograft material.

FIGURE 5. Bone biopsy samples.

FIGURE 7. Resonance frequency analyses of the implants.

The Journal of Craniofacial Surgery � Volume 27, Number 2, March 2016 Bone Regeneration in Maxillary Sinus
from sinus augmentation surgery, the patients scheduled for
endoosseous dental implant surgeries. After local anesthesia, a
midcrestal incision followed by a full-thickness flap elevation
was performed. Before placing implants, bone biopsies were
retrieved from 30 implant sites by a trephine bur with 2-mm internal
diameter and 3-mm external diameter before implant drilling
sequence (Fig. 5). All bone biopsies were retrieved from first
maxillary molar position. After biopsy retrieval, a total of 66
implants were placed according to manufacturer instructions
(SwissPlus, Zimmer Dental, Carlsbad, CA) and same implant
diameters were used in the same patient in both sides, where bone
biopsies were retrieved (Fig. 6). Bone core biopsies were immedi-
ately transferred to formalin solution for fixation. At first, the
samples were analyzed by three-dimensional MicroCT and after-
ward histologic sections were prepared for histomorphometric
measurements.

Primary Stability Measurements
Immediately after implant insertions, baseline implant

stability quotient (ISQ) values were measured. Primary stability
Copyright © 2016 Mutaz B. Habal, MD. Unautho

FIGURE 6. Postoperative panoramic film of a patient with dental implants.
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measurements were performed from the implants that placed at the
bone biopsy areas and 30 implant measurements were included for
statistical analyses. RFA device (Osstell, Integration Diagnostics
AB, Goteborg, Sweden) was used to determine the implant stability
(Fig. 7). Implant stability measurements were made at the time of
implant placement and 6 months follow-up. Following smart peg
connection, the RFA device determines the resonance frequency of
a peg, which can be attached to the dental implant with the aid of a
cylindrical plastic holder provided by the company. The probe
(Osstell) of wireless RFA was held perpendicular to the jaw line
as indicated by the manufacturer for 3 buccal and 3 palatal
measurements and mean value was used.

Microcomputed Tomography Evaluation
A high resolution, desktop, MicroCT system (Skyscan 1174,

Skyscan, Kontich, Belgium) used to scan the specimen. Before
scanning, the specimen were rinsed and stored in saline solution
(0.9%) within a tube. The scanning conditions were: 50 kvp,
100 mA beam current, 0.5-mm Al filter, 17.3-mm pixel size, rotation
at 0.5 step, 3 frame averaging beam hardening 40%. To minimize
ring artifacts, air calibration of the detector was carried out before
each scanning. Each sample was rotated 3608 within an integration
time of 5 minutes. Mean time of scanning was approximately 2
hours. Other settings included beam-hardening correction, as
already described, and input of optimal contrast limits (0–
0.0006) based on prior scanning and reconstruction of the specimen.
NRecon software (Version 1.6.7.2, Skyscan) was used for visual-
ization and quantitative measurements of the samples, which used
the modified algorithm described by Feldkamp et al to obtain axial
two-dimensional, 1000� 1000-pixel images (Fig. 8). For the recon-
struction parameters, ring artifact correction and smoothing were
fixed at 0 and the beam artifact correct later set at 40%. Contrast
limits were applied following Skyscan instructions.

The Skyscan CT-analyzer software provides for an integrated
calibration of datasets into these 2 density scales, HU and Bone
Mineral density (BMD) (Fig. 9). For this purpose, 2 different
mineral concentration conical BMD phantoms (rods) of 0.25 and
0.75 gHAp cm�3 were used that both require the appropriate cali-
bration phantom scans and measurements. Thus, to aid calibrations,
the bone samples placed into a tube of water for scanning, and also
BMD phantom rods placed into an identical tube for the calibrating
scan, which allowed the HU density value to be independently
calibrated for each individual bone scan. After scanning, the
grayscale values were converted to HU with a linear calibration
curve based on the grayscale values obtained from the 2 different
rized reproduction of this article is prohibited.
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FIGURE 9. Transformation of gray values to density values.

FIGURE 10. Three-dimensional reconstruction of a bone biopsy sample
containing regions of new bone (arrow).

FIGURE 8. Reconstruction of the two-dimensional axial slices.

FIGURE 11. Hematoxylin and eosin �4 (H&E �4) new bone porous titanium
granules (black) and xenograft.

FIGURE 12. Hematoxylin and eosin�20 (H&E�20) new bone porous titanium
granules (black) and xenograft.
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mineral concentration conical phantoms of 0.25 and
0.75 gHAp cm�3. All the scan parameters, such as pixel size,
rotation step, frame averaging, voltage, filter, etc. were identical
for all scans. After reconstruction, region of interests were drawn
within the sample using CTAn scan, which all specifications of the
program was used to analyze the three-dimensional microarchitec-
ture of each sample. To distinguish grafted bone from original bone
from the background that consists of water, a suitable threshold is
required. Therefore, threshold was set as the lower limit was
between 110 and 255 (in grayscale values), the upper limit was
at the top end of the brightness spectrum representing the highest
bone density value.

Using MicroCT data, three-dimensional relative volume of NB
formation and remained particles were calculated (Fig. 10). The
mean gray scale value and HU measurements of residual bone,
grafted bone, and background were performed for whole biopsy
specimen, separately for grafted areas and for NB volume.

Histologic Processing and Histomorphometric
Analyses

The specimens were fixed in 10% formalin-buffered solution for
24 to 48 hours and immersed in 10% formic acid solution for
demineralization. After decalcification, the specimens embedded in
paraffin blocks. A total of 5 to 6 mm thick sections were prepared
and stained with hematoxylin and eosin and van Gieson tricrome
(Fig. 11). The light microscopic examinations were performed
under �100, �200, and �400 magnifications (Eclipse E600;
Nikon, Tokyo, Japan) and �200 magnification pictures from 3
different areas of each section were taken for histomorphometric
analyses (Fig. 12). The areas of graft material, NB, and soft tissue
Copyright © 2016 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.
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TABLE 2. Microcomputed Tomography Analyses (Mean� SD)

Xenograft

XenograftþPorous

Titanium Granules P Value

HU-RB 507.17� 93.06 587.27� 132.54 0.225

HU newly formed bone 523.09� 128.2 855.25� 224.67 0.032�

Mean gray value RB 64.64� 28.53 38.43� 24.63 0.128

Mean gray value newly formed bone 80.44� 33.11 63.88� 26.65 0.182

Volume xenograft 13. 90� 9.75 9.70� 7.71 0.066

Volume PTG 0� 0 6.59� 5.59 NA

Volume NB 44.48� 19.92 47.06� 16.88 0.859

Xenograft (%) 16.94� 10.89 9.33� 6.65 0.07

PTG (%) 0 8.12� 5.33 NA

NB (%) 52.67� 22.45 57.05� 22.14 0.44

Connective tissue (%) 27.7� 22.31 24.34� 16.78 0.669

HU, Hounsfield unit; NA, not available; NB, new bone; PTG, porous titanium

granules; RB, residual bone.
�P< 0.05.
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were quantified in each picture and were calculated with image
analyses software (Leica QWin Plus V 3.3.1 image analyses system;
Leica Microsystems GmbH, Wetzlar, Germany) and their averages
were determined.

Statistical Analyses
The results of the ISQ values, MicroCT and histomorphometric

findings were calculated as the means� SD. The Wilcoxon signed-
rank test was used to determine the statistically significant differ-
ences between xenograft and xenograftþ PTG groups according to
evaluated parameters. P� 0.05 was considered as statistically
significant difference between groups.

RESULTS

Clinical Data
Fifteen patients participated in the current study and a total of 30

sinus augmentations were performed and 30 biopsy samples were
analyzed by histomorphometric and MicroCT techniques. A total of
66 implants were placed; however, RFA measurements were per-
formed from 30 dental implants, which were placed at first molar
positions and biopsy retrieval areas. Uneventful healing was seen in
all patients and all placed implants are successfully osseointegrated
and in function for minimum 9 months follow-up. Mean RBH and
RBW were 3.09� 0.73 and 8.22� 2.16 mm, respectively for
xenograft group. In xenograftþPTG group, mean RBH was
3.31� 0.71 mm, mean RBW was 7.72� 2.00 mm, and there were
no statistically significant differences between groups according to
base-line RBH and RBW (P> 0.05 Table 1). At the time of implant
placement, mean ISQ values were 72.29� 2.50 for xenograft and
72.67� 1.69 for xenograftþPTG groups and no statistically sig-
nificant differences found between groups (P> 0.05).

Microcomputed Tomography Analyses
The results of MicroCT analyses are summarized in Table 2. In

the xenograft group, mean percentage of NB was 52.67� 22.45 %
whereas it was 57.05%� 22.14% in xenograftþPTG group. There
were no statistically significant differences between groups accord-
ing to analyzed MicroCT parameters except HU of NB. Hounsfield
unit of NB was 523.09� 128.2 and 855.25� 224.67 in xenograft
and xenograftþ PTG groups, respectively (P¼ 0.032). Hounsfield
unit of PTG-added xenograft group was significantly higher than
the xenograft alone group (P< 0.05).

Histomorphometry Analyses
In all specimens, newly formed bone with well-organized

osteons and nonresorbed graft particles were denoted. The newly
Copyright © 2016 Mutaz B. Habal, MD. Unautho

TABLE 1. Clinical Findings (Mean� SD)

Xenograft

XenograftþPorous

Titanium Granules P Value

RBH (mm) 3.09� 0.73 3.31� 0.71 0.102

RBW (mm) 8.22� 2.16 7.72� 2.00 0.292

Time, mo 8.54� 1.86 8.63� 1.80 0.564

Implant diameter (mm) 4.35� 0.44 4.35� 0.44 1

Implant height (mm) 10.90� 1.04 10.90� 1.04 1

Baseline ISQ 72.29� 2.50 72.67� 1.69 0.766

3 mo ISQ 74.02� 1.77 74.80� 1.49 0.091

ISQ, implant stability quotient; RBH, residual bone height; RBW, residual bone

width.
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formed bone was described as woven type where in close contact
with graft particles (xenograft and/or PTG) and in other areas,
lamellary constructed bone formation was seen. Both graft particles
showed similar newly bone formation areas. There was no inflam-
matory cell that may indicate infection evidence in any specimen.
No gaps were present at the bone-graft particles interface and the
bone was always in close contact with the particles, additionally
newly bone formation in and around the PTG was denoted. The
histomorphometric results from the quantitive analyses were sum-
marized in Table 3. In the xenograft group, the mean percentage of
newly formed bone was 55.08� 12.23 % whereas it was
56.5%� 12.57% in xenograftþPTG group.

DISCUSSION
The performance of PTG when used in addition to xenograft in
sinus augmentation surgery was compared with xenograft in the
current study with split-mouth design. All patients included in the
current study had sinus floor height<4 mm, and all implants placed
after minimum 6 months from sinus augmentation procedures. All
patients experienced uneventful healing and the implant survival
rate is 100% according to current study. According to the clinical,
MicroCT and histomorphometric findings, no significant differ-
ences were found between groups. Both groups revealed similar
high ISQ values and high insertion torque values (>50 N) and high
percentages of NB volume, further xenograftþPTG group showed
higher HU values when compared with xenograft group.

Although numerous treatment modalities are being used in sinus
grafting, such as external/internal approach, grafting with immedi-
ate or delayed implant placement and the variety of used filling
materials, the sinus lifting procedure and the ideal choice of
rized reproduction of this article is prohibited.

TABLE 3. Histomorphometric Analyses (Mean� SD)

Xenograft

XenograftþPorous

Titanium Granules P Value

NB (%) 55.08� 12.23 56.5� 12.57 0.594

Residual Graft (%) 21.05� 12.25 18.14� 9.91 0.657

Soft tissue (%) 29.36� 17.66 32.14� 21.76 0.477

PTG (%) 0 7.6� 3.4 0

Residual native bone (%) 12.65� 7.01 10.06� 8.12 0.735

NB, new bone; PTG, porous titanium granules.
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augmentation material still remains an open area of research.20–23

Many authors have reported the high implant survival rates that
placed into 100% xenograft-grafted maxillary sinuses and associ-
ated high efficacy of xenografts in maxillary sinus augmenta-
tion.24–26 Autologous bone and xenografts are probably the most
clinically and histologically studied augmentation materials in
terms of sinus lifting.11,13 Comparative studies about sinus aug-
mentation fillers are rare, and final conclusions about the most
suitable filler cannot be drawn by date. Some factors, such as
implant primary stability and survival rate, newly formed bone in
the augmented region, biodegradation and resorption of used
material, and volumetric stability during time might have signifi-
cant effect on the selection of the augmentation material.13 The
efficacy of xenografts as sinus fillers may be the result of a
combination of factors, such as pore size, resorption rate, and
minerals that they supply to the grafted area.27 Porous titanium
granules have been reported as an osteoconductive augmentation
material for maxillary sinus with nonresorbable and porous proper-
ties, which may be a long-term clinical advantage for sinus
grafting.8

In the current study, the RFA measurements confirmed that firm
stability was achieved at implant placement with a mean ISQ value
of 72.29� 2.50 for xenograft and 72.67� 1.69 for xenograftþPTG
groups, which is accepted as a high degree of stability and even
considered as sufficient for immediate loading.28,29 There were no
significant differences between groups according to residual bone
height and width in the current study that may be a confounding
factor for implant stability.29,30 Same implant dimensions used in
same patient and reduced final drill diameters were used to ensure
good stability, which may explain the high ISQ values in both
groups. The RFA outcome revealed that both groups have good
primary stability and the addition of PTG to xenograft does not lead
to increased implant stability in the grafted sinus.

Microcomputed tomography and histomorphometric techniques
were used in the current study as quantitive methods to analyze the
mineralized material that occupying the maxillary sinus after sinus
augmentation. No significant differences were found between
xenograft and xenograftþ PTG groups according to NB percen-
tages evaluated by MicroCT followed by histomorphometry. Good
regenerative capacity of both grafts and a similar percentage of NB
formation were confirmed by MicroCT and histomorphometric
analyses. There are different reports regarding the percentages of
NB formation, and residual grafts, depending on the type of bone
substitute used and the type of surgical protocol used. More reports
in the literature that gave information about bone regeneration after
maxillary sinus grafting stems from two-dimensional histology and
histomorphometry. Wallace et al27 reported NB formation after 6 to
10 months healing as 12.1% to 17.6%, John and Wenz31 used
demineralized bovine bone mineral for sinus augmentation and they
reported 29.5% NB fill after 5.5 months healing. Galindo-Moreno
et al32 reported NB percentage of 46� 16% with using composite
graft that the mixture of bovine-derived xenograft and autologous
bone for sinus augmentation. Stacchi et al reported bone formation
percentage 48.15%� 14.32% in maxillary sinus augmentation
using fresh frozen human bone allografts after 5 months healing.

When go through rare studies about NB percentage after sinus
augmentation analyzed by MicroCT, Verket et al reported 19%
bone fill with MicroCT and 25.9 % with histomorphometric
analyses after using PTG alone for sinus augmentation. Chackartchi
et al compared the different bovine bone mineral particle sizes in
sinus augmentation and they reported 8% and 27% bone fill for
large particles and 15% and 28% according to histomorphometry
and MicroCT analyses, respectively. In the current study, NB
percentages were 55.08 and 52.67 for xenograft and 56.5 and
57.05 for xenograftþPTG groups according to histomorphometry
Copyright © 2016 Mutaz B. Habal, MD. Unautho
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and MicroCT analyses, respectively. The mean values of NB and
residual graft particles corresponded well in MicroCT and histo-
morphometric analyses. The NB percentages in the current study
seem to be slightly higher when comparing with the studies of this
kind. It is important to note that the published data on the rate of NB
formation following maxillary sinus augmentation may differ to a
great extent. Different outcomes among studies may be because of
different measuring methods, methodological factors, healing
times, the ratio of the used mixtures, the ratio of used autologous
bone, particle sizes of the bone substitute material, patient charac-
teristics, and how dense the filler is packed into the cavity of the
maxillary sinus.33 The higher NB percentages in the current study
may be because of the long time (mean 8.5 months) between
grafting and biopsy procedure.34 Another factor may be the use
of barrier membrane to cover the lateral sinus oseteotomy in all
cases that has been proved to promote better healing.27 Further-
more, other factors, such as all included patients were partially
edentulous and relatively at young age (mean age was 46.06) that
may contribute the higher NB percentage where relatively slow rate
of NB formation reported in complete edentulism.35

Volumetric stability of augmented maxillary sinus and the
presence of peri-implant bone are important factors of long-term
implant survival.36 Some studies reported limited volumetric graft
changes after augmentation with different mixtures of bovine bone
mineral and autologous bone.32,33 Therefore, according to the
current study results, although no significant differences found
between xenograft and xenograftþ PTG groups, the permanent
nonresorbable and porous properties of PTG may have beneficial
effect on graft volume preservation and associated long-term
implant success.

This study has demonstrated that higher bone mineral density
and increased HU values obtained with using xenograftþPTG as
sinus augmentation material despite no significant differences
according to ISQ values. To date, there is still lack of consensus
as how early in the healing phase should the clinician surgically
place implants in the grafted sinus and prosthetically load the
implants with minimalizing the risk of implant failure.19 The higher
HU values may reflect increased bone density and adding PTG may
contribute the high HU values that approximate the mature bone.
An in vitro study with human primary mesenchymal stem cells
comparing PTG with bovine bone and b-tricalcium phosphate
reported better results for PTG regarding cell viability and pro-
liferation as well as porosity, interconnectivity, open pore size, and
surface area-to-volume ratio.37

Initially, studies for a biocompatible material to be used in the
human vascular system or for blood contact medical devices (eg,
stents, vascular grafts, and catheters) led to the recommendation
of avoiding the use of Ti, because of the material was found to be
very potent regarding activation of the coagulation system with
unwanted thrombus formation as a result of blood contact.38

Thrombus formation and inflammation involve the activation of
both the coagulation and the complement system: the initiation of
these systems causes plasma protein adsorption on the surface
followed by the activation and adhesion of platelets and leuko-
cytes.38 The potential positive effect for the use of PTG in bone
augmentation procedures may be the thrombogenic activity of
the material could be useful for the rapid start of the bone healing
process after bone grafting procedures.38,39Another contributing
factor for higher HU values may be approximately 80% porosity
of PTG that may facilitate the integration with the NB to a
greater extent and the porous structure may increase the strength
of the NB.6 Higher HU values after sinus augmentation with PTG
may provide better implant stability during healing time and
may be promising about immediate loading protocols after
sinus augmentation.
rized reproduction of this article is prohibited.

# 2016 Mutaz B. Habal, MD



The Journal of Craniofacial Surgery � Volume 27, Number 2, March 2016 Bone Regeneration in Maxillary Sinus
CONCLUSIONS
The findings of the current study supported that PTG, which is a
porous, permanent nonresorbable bone substitute, may have a
beneficial osteoconductive effect on mechanical strength of NB
in augmented maxillary sinus. Despite showed no significant
improvement about NB percentages and ISQ values, higher HU
values in xenograftþPTG group indicate that PTG may increase
bone density after maxillary sinus augmentation, which may be a
clinical advantage for long-term dental implant success.
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