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Abstract: Purpose: The aim of this study is to compare the effects of two xenografts, i.e., porcine- and
bovine-derived xenografts, on dental implant therapy after implant site development. Materials and
Methods: This retrospective study involved adults who underwent dental implantation between
January 2012 and December 2020. Various patient and implant-site characteristics were collected
from the patient records. The implant-surgery clinical parameters of the porcine- and bovine-derived
xenografts used for implant site development were analyzed and compared. Results: A total of
116 subjects with 168 dental implants were included in this study. There was less soft bone in the
porcine bone group of the maxilla. However, there was less soft bone and a greater percentage
of “primary stability >35 N” in the bovine bone group of the mandible. However, no significant
differences in regrafting rate, post-operative infection rate, or implant survival rate were found
between the bovine and porcine bone groups. Conclusion: The effects of implant site development
using bovine- and porcine-origin xenografts are comparable in terms of the implant-therapy clinical
parameters, including the regrafting rate and implant survival rate. Thus, the choice of xenografts
could be made according to the patient’s religious requirements. However, the reported results
should be used with caution, considering the limitations of this retrospective study.

Keywords: xenograft; bovine bone; porcine bone; dental implant; primary stability; implant site
development

1. Introduction

Bone regeneration is a common dental procedure, especially for the development
of dental implant sites. Many graft materials are clinically applied, including autografts,
allografts, xenografts, and alloplasts [1]. Xenografts resorbed slower than calcium sulphate,
beta-tricalcium phosphate, or allografts, thus, xenografts preserved more bone volume
when compared with calcium sulphate, beta-tricalcium phosphate, or allografts [1]. Hy-
droxyapatite (HA) results in voids between the graft and bone tissue due to retention
at the surgical site. Thus, the result of ridge augmentation using HA is not consistently
favorable [2]. Porous titanium granules and oxidized white porous titanium granules have
better mechanical properties than deproteinized bovine bone mineral (DBBM). However,
early implant stability, osseointegration, and bone healing were not improved with the
application of these mechanically stronger metal grafts [3]. Good bone quality could obtain
a high primary stability value and increase the dental implant success rate. However, it is
possible to enhance primary stability by specific techniques (e.g., osseodensification drill)
in poor bone quality for implant success rate [4].

Xenografts can be of bovine, porcine, or equine origin [5]. To avoid immunologic
problems and the risk of transmission, complete protein removal is required. After protein
destruction, the carbonated hydroxyapatite is similar to human bone [5]. Bovine-derived
bone grafts were the first widely used xenografts in dentistry [6]. These grafts exhibit
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not only high porosity, but also nanoscale pores, which are also found in human bone [6].
However, porcine-derived bone grafts have recently been developed and made commer-
cially available for bone regeneration [6-9]. Most of the key physiochemical characteristics
of porcine- and bovine-derived bone grafts are similar, but significant differences were
found in terms of the porosity, crystallinity, pore distribution, and particle size of different
xenografts [6,10]. Additionally, porcine bone is closer to human trabecular bone than
bovine bone in terms of the stiffness, Ca/P ratio, and mineral content [10,11]. However,
both biomaterials are biocompatible and osteoconductive, which means they can be used
as bone substitutes without interfering with normal reparative bone processes [8].

When applied to rat calvarial defects, porcine- and bovine-derived xenografts have
had similar effects in terms of new bone volume and area [12]. In a canine model, however,
significantly more new bone formation and better bone bridging have been observed for
porcine than bovine bone [13]. In clinical sinus augmentation, porcine bone may produce
similar bone formation and volumetric stability to bovine bone [7]. Furthermore, when
applied to sinus augmentation, ingrowth of newly formed bone and vessels in the pores
of partially resorbed particles of these grafts has been observed [9]. Bovine and porcine
bone can comparably augment damaged extraction sockets in the vertical and horizontal
dimensions [14]. However, more pronounced vertical ridge alteration has been observed
for porcine bone plus cross-linked collagen membrane compared to bovine bone plus
non-cross-linked collagen membrane [15]. Finally, comparable proportions of residual
biomaterial, newly formed bone, and nonmineralized tissue have been observed for the
application of bovine and porcine bone to bone regeneration [7,16], and similar histologic
bone formation has also been found for socket grafting using bovine or porcine bone
covered by collagen membranes in periodontally damaged extraction sockets [16].

To the best of our knowledge, a small number of studies have focused on comparing
these two different-origin xenografts in the context of implant site development [7,14,17].
Our hypothesis is that no significant differences exist between the clinical parameters of
dental implant therapy for application of bovine- and porcine-derived xenografts to implant
site development. The clinical parameters included bone density, primary stability, and
implant survival rate. Therefore, the aim of this study is to compare the effects of bovine-
and porcine-derived xenografts on dental implant therapy after implant site development.

2. Materials and Methods
2.1. Study Subjects

This retrospective study involved adults who underwent dental implantation with
the author, Dr. Li-Ching Chang in the Dental Department of Chang-Gung Memorial Hos-
pital, Chiayi Branch, between January 2012 and December 2020. The inclusion criteria
were as follows: (1) Extraction was performed in our department, and (2) ridge preserva-
tion/augmentation for dental implant site development was performed by Dr. Chang. The
exclusion criteria were as follows: (1) The dental implant site healed naturally (without
bone grafting) before implant placement, (2) another bone graft (not a xenograft) was used
in the ridge preservation/augmentation procedure, (3) the period between orthodontic
treatment and dental implant placement was less than two years, and (4) prosthetic work
was not completed before this study.

2.2. Procedures Performed

Ridge preservation/augmentation was performed before the dental implant placement.
The xenografts used were bovine- (B group; Bio-Oss, Geistlich Biomaterials, Princeton, NJ, USA)
and porcine-derived (P group; Miner-Oss XP® BioHorizons, Birmingham, AL, USA). In all
cases of flapless ridge preservation, a collagen plug (Teruplug, Olympus Terumo Biomate-
rials, Tokyo, Japan) or a porcine collagen membrane (Sunmax collagen dental membrane,
Sunmaxbiotech Co., Ltd., Tainan, Taiwan) was used as the coronal seal for the B and P groups,
respectively (Figures 1 and 2). After 3-5 months, 3i system implants (3i Osseotite or 3i Tapered
Certain, Biomet, Warsaw, IN, USA) were placed in the developed implant sites. All implants



Technologies 2021, 9, 72

30f 10

were placed after flap elevation under local dental anesthesia, and the wound was closed
with suture. Postoperative antibiotics and analgesics were prescribed for 3-7 days. The suture
was removed within 24 weeks, and follow-up was conducted once every 1-2 months before
prosthetic work completion.

(c) (d)

Figure 1. Implant site development of 62-year-old male patient using bovine bone and porcine
collagen plug: (a) periodontitis-induced severe bone destruction on right-mandible second molar;
(b) result three months after flapless ridge preservation shown in cone beam computed tomography
(CBCT; sagittal view); (¢) CBCT (frontal views); and (d) follow-up after prosthetic completion.

Figure 2. Implant site development of 49-year-old male patient using porcine bone and porcine
collagen membrane: (a) severe bone loss on right-mandible second molar due to root fracture;
(b) result 3 months after ridge augmentation (five months post-extraction) shown in cone beam
computed tomography (CBCT; sagittal view); (c) CBCT (frontal views); and (d) follow-up after
prosthetic completion.
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2.3. Data Collection

Demographic and clinical characteristics were retrieved from patient records, includ-
ing details of systemic conditions, sex, age, and smoking status. The patient systemic
conditions were classified into four groups: “healthy,” “diabetes mellitus (DM),” “osteo-
porosis,” and “other disease” (excluding DM and osteoporosis). The patient smoking status
results at Stage-I implant surgery were recorded as “current smoker,” “former smoker”
(smoking cessation before implant placement), or “nonsmoker” (no history of smoking).

The implant sites were divided into maxillary and mandibular areas. Implant site
development included ridge preservation (RP) combined with tooth extraction or ridge
augmentation due to ridge resorption after extraction (RA). The extraction etiology was
classified as periodontal or non-periodontal (e.g., due to a residual root, caries, or root frac-
ture) disease. During implant surgery, the bone density was classified as “soft bone (D4)”
or “non-soft bone (D1, D2, and D3)” according to the texture of the implant preparation
site [18]. The peak insertion torque (N/cm) of the implant placement was recorded as an
implant-stability reference point. Additional procedures were combined with the implant
placement, i.e., sinus lifting (SL) and bone regrafting (BG). Clinical signs and symptoms
of infection appearing during the osseointegration phase, such as a sinus tract or abscess,
were defined as “post-operative infection.” The implant survival rate was classified as
“survival” or “early implant failure” before loading.

Four different time periods were considered: T1, the time between tooth extraction
and bone grafting; T2, the time between bone grafting and implant Stage I surgery; T3, the
time between implant Stage I and Stage II surgery; and T4, the time between implant Stage
I surgery and prosthetic completion (Figure 3).

. Bone Stage | Stage Il Prosthetic
Sxtiaction grafting surgery surgery completion
T1 2 T3 T4

Figure 3. Definitions of different time periods. T1: Time between tooth extraction and bone

grafting, T2: Time between bone grafting and implant Stage I surgery, T3: Time between im-
plant Stage I surgery and Stage II surgery. T4: time between implant Stage II surgery and pros-
thetic completion. The time between extraction and prosthetic completion was TT, i.e., total
treatment = T1 + T2 + T3 + T4, and the time between bone grafting and prosthetic completion was
TI, i.e., implantation time = T2 + T3 + T4.

The study was conducted in accordance with the Helsinki Declaration of 1975, as
revised in 2013. The protocol was approved by the Institutional Board of Chang-Gung
Memorial Hospital (No. 202100702B0).

2.4. Statistical Analysis

The subject age was expressed as the mean =+ standard deviation (SD). For the age
parameter, the differences between the two groups receiving the different RA materials,
i.e., the B and P groups, were tested via an independent two-sample t-test. As skew
distributions were involved, the other continuous data elements related to the treatment
times (T1, T2, T3, T4, T2 + T3, T2 + T3 + T4, and T1 + T2 + T3 + T4) were presented as
medians and interquartile ranges (IQR, the range between the 25th and 75th percentiles).
The differences between the B and P groups were tested using the Mann-Whitney test.
Categorical variables were presented as counts and percentages, and their associations
with the RA materials were assessed using Fisher’s exact test.

Univariable and multivariable logistic regression models were used to determine the
independent influence factors of the primary stability (>35 N). In the univariable logistic
regression models, variables with p-values less than 0.2 were entered stepwise into the mul-
tivariable analyses to obtain a final optimized model. The above statistical analyses were
performed using IBM SPSS Statistics 25.0 software (IBM Corporation, Armonk, NY, USA).
A two-tailed p value of <0.05 indicated statistical significance.
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3. Results
3.1. Baseline Conditions vs. Xenograft Materials

During the study period, 116 subjects with 168 dental implants (104 maxillary and
64 mandibular sites) were enrolled. The associations of the implant-site baseline conditions
with the B and P groups are presented in Tables 1 and 2, for the maxillary and mandibular
sites, respectively.

Table 1. Basic characteristics of maxilla implant sites for bovine and porcine bone groups.

Bovine Bone, Porcine Bone, Value
BioOss (1 = 65) MinerOss (1 = 39) P
Age (Year) 50.6 (11.7) 55.8 (11.1) 0.029 *
Female 23 (35.4%) 17 (43.6%) 0414
Sex Male 42 (64.6%) 22 (56.4%)
Healthy 30 (46.2%) 16 (41.0%) 0.770
Systemic disease Diabetes mellitus 4 (6.2%) 1 (2.6%)
Osteoporosis 2 (3.1%) 2 (5.1%)
Other disease 29 (44.6%) 20 (51.3%)
No 49 (75.4%) 33 (84.6%) 0.400
Smoking status Former 15 (23.1%) 5 (12.8%)
Current 1 (1.5%) 1(2.6%)
Anterior 8 (12.3%) 7 (17.9%) 0.727
Tooth site Premolar 23 (35.4%) 12 (30.8%)
Molar 34 (52.3%) 20 (51.3%)
Extraction etiology Non-periodontitis 25 (38.5%) 24 (61.5%) 0.027 *
Periodontitis 40 (61.5%) 15 (38.5%)
None 6(9.2%) 2 (5.1%) <0.001 *
Coronal seal Membrane 19 (29.2%) 35 (89.7%)
Collagen plug 40 (61.5%) 2 (5.1%)
Time of ridge RP 41 (63.1%) 17 (43.6%) 0.067
recontouring RA 24 (36.9%) 22 (56.4%)

* A p-value < 0.05 indicates a significant difference between the bovine and porcine bone groups. Data are
presented as counts and percentages, except for age, and are expressed as the mean + SD. RP: ridge preservation,
RA: ridge augmentation.

Table 2. Basic characteristics of mandible implant sites for bovine and porcine bone groups.

Bovine Bone, Porcine Bone, Value
BioOss (1 = 45) MinerOss (n = 19) P
Age (Year) 49.2 (9.0) 54.0 (9.6) 0.061
Female 19 (42.2%) 7 (36.8%)
Sex Male 26 (57.8%) 12 (63.2%) 0.784
Healthy 19 (42.2%) 12 (63.2%)
L Diabetes mellitus 1(2.2%) 1 (5.3%)
Systemic disease Osteoporosis 2 (4.4%) 0 (0.0%) 0.284
Other disease 23 (51.1%) 6 (31.6%)
No 34 (75.6%) 13 (68.4%)
Smoking status Former 10 (22.2%) 5 (26.3%) 0.658
Current 1(2.2%) 1 (5.3%)
Anterior 2 (4.4%) 1 (5.3%)
Tooth site Premolar 12 (26.7%) 5 (26.3%) 1.000
Molar 31 (68.9%) 13 (68.4%)
. . Non-periodontitis 26 (57.8%) 12 (63.2%)
Extraction etiology B MR 19 (42.2%) 7 (36.8%) 0.784
None 5(11.1%) 2 (10.5%)
Coronal Seal Membrane 8 (17.8%) 17 (89.5%) <0.001 *
Collagen plug 32 (71.1%) 0 (0.0%)
Time of ridge RP 31 (68.9%) 7 (36.8%) 0.026 *
recontouring RA 14 (31.1%) 12 (63.2%) ’

* A p-value < 0.05 indicates a significant difference between the bovine and porcine bone groups. Data are
presented as counts and percentages, except for age, and are expressed as the mean + SD. RP: ridge preservation,
RA: ridge augmentation.

3.1.1. Maxillary Sites

For the maxillary site implants, significant associations in age, extraction etiology, and
coronal seal versus the B and P groups were observed. That is, the B-group patients were
significantly younger than those of the P group (mean age: 50.6 vs. 55.8 years, p = 0.029).
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Compared to the P group, there were significantly more implant sites with periodontitis
in the B group (61.5% vs. 38.5%, p = 0.027). Furthermore, the B group had significantly
fewer implant sites with membranes as the coronal seal (29.2% vs. 89.7%) and significantly
more implant sites with a collagen plug as the coronal seal (61.5% vs. 5.1%, p < 0.001).
No significant associations were observed for the other baseline conditions (sex, systemic
disease, smoking status, tooth site, RP, or RA) versus the B and P groups (Table 1).

3.1.2. Mandible Sites

For the mandible site implants, no significant associations were observed for the
coronal seal and RP versus the B and P groups. Compared to the P group, the B group had
fewer implant sites with membrane (17.8% vs. 89.5%) and more implant sites with collagen
plugs (71.1% vs. 0%, p < 0.001), and more RP was found for the B group (68.9% vs. 36.8%,
p = 0.026). No significant associations were observed for the other baseline conditions (age,
sex, systemic disease, smoking status, tooth site, and extraction etiology) vs. the B and P
groups (Table 2).

3.2. Implant Site Development vs. Xenograft Materials

The associations between the implant site development and the B and P groups are
presented in Tables 3 and 4 for the maxillary and mandibular sites, respectively.

Table 3. Implant site development for bovine and porcine bone groups at maxilla implant sites.

Bovine Bone, Porcine Bone,

BioOss (1 = 65) MinerOss (n = 39) p-Value
<0N 13 (20.6%) 14 (35.9%)
Primary stability ¥ 20-35 N 22 (34.9%) 10 (25.6%) 0.231
>35N 28 (44.4%) 15 (38.5%)
. D1-D3 9 (13.8%) 14 (35.9%)
Bone density D4 56 (86.2%) 25 (64.1%) 0.014%
Yes 36 (55.4%) 23 (59.0%)
BG No 29 (44.6%) 16 (41.0%) 0.838
Yes 35 (53.8%) 18 (46.2%)
SL No 30 (46.2%) 21 (53.8%) 0.544
) e Yes 4(6.2%) 6 (15.4%)
Post-operative infection No 61 (93.8%) 33 (84.6%) 0.170
. Early failure 3 (4.6%) 0 (0.0%)
Implant survival Survival 62 (95.4%) 39 (100.0%) 0.230
Extraction-bone grafting RP 0 0 NA
(T1, day) RA 84.0 (36.0, 158.5) 40.5 (35.0, 50.0) 0.030 *
Bone grafting-Stage I (T2, day) * 110.0 (95.0, 135.0) 123.0 (107.0, 141.0) 0.090
Stage I-Stage II (T3, day) f 261.0 (231.0,343.0)  238.0 (208.0, 288.0) 0.054
Stage ITI-prosthetic completion (T4, day) * 99.0 (67.0, 127.0) 103.0 (68.0, 112.0) 0.587
Bone grafting-Stage II (T2 + T3, day) * 393.0 (346.0, 463.0) 373.0 (336.0, 419.0) 0.302
Bone grafting—completion (T2 + T3 + T4, day) * 477.0 (431.0, 584.0) 469.0 (420.0, 530.0) 0.283
Extraction-completion RP 481.0 (442.0, 581.0) 463.0 (435.0, 530.0) 0.287
(T1 + T2 + T3 + T4; day) RA 593.0 (462.5, 746.5) 517.0 (468.0, 600.0) 0.248
Follow-up (day) * 2092'506(618)26'0' 743.0 (567.0,807.0)  <0.001*

* A p-value < 0.05 indicates a significant difference between the bovine and porcine bone groups. Data are
presented as counts and percentages, except for continuous data (*), which are expressed as the median and IQR.
¥ There are two missing data points for the primary stability. RP: ridge preservation, RA: ridge augmentation.

3.2.1. Maxillary Teeth

For the maxillary implant sites, the bone density, T1, and follow-up time were signifi-
cantly associated with the RA material (p < 0.05). Compared to the P-group cases, there
was significantly more bone density, D4-D5, in the B-group implant sites (86.2% vs. 64.1%,
p = 0.014). For the implant sites with RA, the B group had a significantly longer time from
extraction to RA date (T1; median of 84.0 vs. 40.5 d, p = 0.03). The B group had a longer
follow-up time than the P group (median of 2095.0 vs. 743.0 d, p < 0.001). For the other
implant site development variables (primary stability, BG, SL, post-operative infection,
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implant survival, T2, T3, T4, T2 + T3, T2 + T3 + T4, and T1 + T2 + T3 + T4), no significant
associations with the B and P groups were observed (Table 3).

Table 4. Implant site development for bovine and porcine bone groups at mandible implant sites.

Bovine Bone, Porcine Bone,

BioOss (1 = 45) MinerOss (1 =19) p-Value
<20N 2 (4.4%) 4(21.1%)
Primary stability 20-35 N 9 (20.0%) 6 (31.6%) 0.036 *
>35N 34 (75.6%) 9 (47.4%)
. D1-D3 23 (51.1%) 4(21.1%) .
Bone density D4 22 (48.9%) 15 (78.9%) 0.030
Yes 27 (60.0%) 11 (57.9%)
BG No 18 (40.0%) 8 (42.1%) >0.999
3 . . Yes 4 (8.9%) 1 (5.3%)
Post-operative infection No 41 (91.1%) 18 (94.7%) >(0.999
. Early failure 1(2.2%) 0 (0.0%)
Implant survival Survival 44 (97.8%) 19 (100.0%) >0.999
Extraction-bone grafting RP 0 0 >0.999
(T1, day) ¥ RA 41.0 (20.0, 117.0) 42.0 (37.0, 55.0) 0.771
Bone grafting—Stage I (T2, day) * 110.0 (89.0, 133.0) 140.0 (121.0, 151.0) 0.003 *
Stage I-Stage II (T3, day) * 135.0 (113.0, 176.0) 145.0 (119.0, 166.0) 0.853
Stage II-prosthetic completion (T4, day) * 112.0 (96.0, 132.0) 98.0 (72.0, 127.0) 0.174
Bone grafting-Stage II (T2 + T3, day) t 266.0 (208.0, 314.0) 287.0 (263.0, 306.0) 0.383
Bone grafting—completion (T2 + T3 + T4, day) ' 390.0 (336.0, 417.0) 378.0 (326.0, 415.0) 0.356
Extraction-completion RP 385.0 (322.0, 417.0) 407.0 (354.0, 415.0) 0.524
(T1+ T2 + T3 + T4, day) RA 466.5 (399.0, 500.0) 407.5 (345.5, 440.0) 0.054

Follow-up (day)* 1970.0 (1565.0,2241.0)  555.0 (352.0,773.0)  <0.001 *

* A p-value < 0.05 indicates a significant difference between the bovine and porcine bone groups. Data are
presented as counts and percentages, except for continuous data (1), which are expressed as the median and IQR.
RP: ridge preservation, RA: ridge augmentation.

3.2.2. Mandible Teeth

For the implants at the mandible sites, significant associations between the primary
stability, bone density, and T2 with the RA materials were observed. For the B group, 75.6%
of implant sites had primary stability >35 N; however, only 47.4% of the P group achieved
this primary stability (p = 0.036). As regards implant sites with D4-D5, the percentages
were 48.9% and 78.9% of the B and P groups, respectively (p = 0.030). The treatment
time from RA to stage I (T2) was significantly shorter for the B group than P group (me-
dian of 110.0 vs. 140.0 d, p = 0.003). The B group had longer follow-up time than the
P group (median of 1970.0 vs. 555.0 days, p < 0.001). For the other implant site devel-
opment variables (BG, SL, post-operative infection, implant survival, T1, T3, T4, T2 + T3,
T2 + T3 + T4, and T1 + T2 + T3 + T4), no significant associations with the B and P groups
were observed (Table 4).

4. Discussion

A total of 116 subjects with 168 dental implants were included in this study. For the
maxilla, the differences between the B and P groups were in age, coronal seal material, and
bone density. For the mandible, significant differences between the two groups were found
for the coronal seal material, ridge contouring time, primary stability, and bone density.
However, no significant differences were found for the regrafting rate, post-operative
infection rate, or implant survival rate. Implant sites using bovine bone as a bone grafting
material were more likely to have better primary stability in the mandible only, but this
significance was lost after adjustment for other factors.

Bio-Oss®, physically and chemically like human bone, is the most well-known DBBM
from spinal bone in dental application [6,17]. The porous particle size varies from 0.25 to
1.0 mm and the Ca/P ratio is 1.92 [12]. However, to avoid potential bovine spongiform
encephalopathy (BSE) transmission, other-origin xenografts have been developed [17].
Pigs and humans have physiological similarities, bone anatomy, and genotype [12,19].
The porcine-derived bone used in our study, MinerOss XP®, is a highly porous inorganic
mineral matrix with a particle size of 250-1000 um and a Ca/P ratio of 1.65-1.66 [12,20]. In
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animal and human studies, 25-40% new bone formation has been observed for porcine bone
after a 4-6-month healing period [9]. The macropores (diameter >100 um) and micropores
(diameter <10 um) of both xenografts can promote angiogenesis and new bone ingrowth
into the graft [6,9,17]. Further, both xenografts are osteoconductive, biocompatible, and
resorbable in clinical application, including ridge and sinus augmentation [6,8,9,17].

The clinical outcomes and histologic results achieved using porcine and bovine bone
are comparable [7,14,16,17]. However, some studies have reported more new bone for-
mation and less residual graft for porcine bone than bovine bone [1,8,13]. The difference
between the bovine and porcine bone resorption rates depends on the pore size, pore
morphology, pore percentage, connection between pores, pore connectivity, and granu-
lometry [1,8]. When compared with naturally healed sockets, bovine bone decreased the
relative proportion of vital bone, but, porcine bone enhanced new bone formation [1]. It is
possible to shorten the treatment time between bone grafting and prosthetic completion in
implant-site development using porcine bone. Bovine, porcine, and human trabecular bone
have porosities of 70.5%, 78.4%, and 79.3%, respectively [6]. Furthermore, the Ca/P ratio of
porcine bone (1.65-1.66) is closer to the human Ca/P ratio (1.68-1.71) than bovine bone
(1.92) [12]. Porcine bone has also exhibited higher wettability (hydrophilic) than bovine
bone, which could promote cell adhesion and proliferation [6,12].

No study has focused on the direct comparison of MinerOss and Bio-Oss for ridge
preservation based on clinical and histologic analyses. However, an indirect comparison
of MinerOss and Bio-Oss reveals no significant differences in the changes in ridge width
(MinerOss: —0.91 mm vs. Bio-Oss: —0.38 mm/—4%) or ridge height (MinerOss: —0.37 mm
vs. Bio-Oss: 1.56 mm) [17,20]. Apart from ridge resorption reduction, the ideal graft mate-
rial should promote bone formation to shorten treatment time [21]. Indirect comparison
between MinerOss after four months of healing and Bio-Oss after 18-20 weeks of healing
reveals differences in new bone formation (MinerOss: 57.43% vs. Bio-Oss: 36.21%), the
connective tissue portion (MinerOss: 22.99% vs. Bio-Oss: 43.32%), and the residual bone
graft (MinerOss:16.57% vs. Bio-Oss: 20.47%) [17,21]. Note that the average pore size
(474.26 pm), trabecular thickness (121.76 pm), and pore connectivity (88-95%) of MinerOss
are similar to those of human bone [21].

In these applications, the bone density is affected by orthodontic treatment before
dental implant placement; thus, orthodontic treatment was listed in the exclusion criteria
of this study [22]. The results of this work indicate that the B group had lower bone
density in the maxilla than the P group. This result is similar to the type III-IV bone
densities previously reported for sinus augmentation cases [9]. The possible rationales
of this difference are a far greater increase in bone density for the “bone graft combined
with membrane” group than the “bone grafting only” group [13], and that porcine bone
is closer to human trabecular bone in stiffness [11]. For similar particle size, the porcine
xenograft was finer and more delicate than bovine bone. Thus, denser packing of porcine
bone may occur under pressure during ridge recontouring, because of the “flaky” texture
of this bone type [17]. However, in the maxilla, no significant difference in “primary
stability” was found between the B and P groups in this work. The primary stability could
be improved by under-preparation of the implant site. In contrast to the maxilla, in the
mandible, significant differences were found between the two groups in terms of bone
density and primary stability. However, the difference in osseointegration period in both
jaws between the B and P groups was not affected by the differences in bone density and
primary stability.

The regrafting rate of the P group during implant placement was compared to that of
the B group. The results indicate that the developed ridge volumes of both groups may
be similar; this finding agrees with the results of previous studies, which found that ridge
preservation with porcine xenografts yields dimensional stability comparable to that of
bovine xenografts [17,23]. However, in one of those previous works, additional grafting
combined with implant placement was implemented because of thin buccal bone or lack
of primary implant stability [17]. The intensive analysis performed in the present work
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revealed that the primary stability is not affected by the use of different xenografts in both
jaws, after adjustment. However, better primary stability is associated with RP, because RA
is usually applied to infected extraction sockets and poorly contained defects [24].

No significant differences in postsurgical infection symptoms and signs during the
osteointegration phase were found between the B and P groups. Thus, the infection rate
was not affected by the xenograft origin. The implant survival rate at sites developed
using porcine bone were higher than those using bovine bone; however, the difference
was not statistically significant. Post-infection signs were found in three cases of four early
implant failure cases. Thus, the etiology of early implant failure may be associated with
nongrafting factors such as infection [25]. Therefore, the other failure factors associated
with xenografts for implant site development must be identified in future clinical trials.
A significant difference in follow-up period after loading was found between the B and
P groups; thus, the late failure rate was not analyzed in this study. Note that only one
late implant failure was recorded for group B after loading for 33 months. Overload is
suspected to have induced this late implant failure.

This study was limited by its retrospective nature. First, fewer cases and shorter
follow-up times were found for the P group than the B group. Second, a collagen plug was
used as a coronal seal in most B-group cases, whereas a collagen membrane was used as
a seal for the P group. The different seal materials may have affected the analysis. Third,
the measurement of bone density was not used objective method and primary stability
was not according to resonance frequency analysis. Finally, socket morphology data were
missing; this morphology may have affected the remodeling after implant site development
and, hence, the implant surgery outcome [24]. Therefore, bovine and porcine bone should
be compared in clinical trials. Additionally, the effects of other factors on implant site
development using different-origin xenografts should be investigated in the future.

5. Conclusions

The effects of implant site development using bovine- and porcine-origin xenografts
are comparable in terms of implant-therapy clinical parameters, including the primary
stability, regrafting rate, implant survival rate, and treatment time. This means that both
xenografts resulted in predictable outcomes in terms of dental implant site development.
Therefore, the choice of xenografts could be based on the patient’s choice, with reasons
such as religious considerations. However, these results should be viewed with caution
because of the limitations of this retrospective study. In addition, it is necessary to study
the relationship between other factors and xenografts in the future using a clinical trial.
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